
ORIGINAL INVESTIGATION

Adiposity, Adult Weight Change,
and Postmenopausal Breast Cancer Risk
Jiyoung Ahn, PhD; Arthur Schatzkin, MD, DrPH; James V. Lacey Jr, PhD; Demetrius Albanes, MD;
Rachel Ballard-Barbash, MD; Kenneth F. Adams, PhD; Victor Kipnis, PhD; Traci Mouw, MPH;
Albert R. Hollenbeck, PhD; Michael F. Leitzmann, MD, DrPH

Background: Obesity is a risk factor for postmeno-
pausal breast cancer, but the role of the timing and amount
of adult weight change in breast cancer risk is unclear.

Methods: We prospectively examined the relations of
adiposity and adult weight change to breast cancer risk
among 99 039 postmenopausal women in the National
Institutes of Health–AARP Diet and Health Study. An-
thropometry was assessed by self-report in 1996. Through
2000, 2111 incident breast cancer cases were ascer-
tained.

Results: Current body mass index (BMI) (calculated as
weight in kilograms divided by height in meters
squared), BMI at ages 50 and 35 years, and waist-hip
ratio were associated with increased breast cancer risk,
particularly in women not using menopausal hormone
therapy (MHT). Weight gained between age 18 years
and the current age, between ages 18 and 35 years,
between ages 35 and 50 years, and between age 50 years
and the current age was consistently associated with

increased breast cancer risk in MHT nonusers (relative
risk [RR], 2.15; 95% confidence interval [CI], 1.35-3.42
for a �50-kg weight gain between age 18 years and the
current age vs stable weight) but not in current MHT
users. Risk associated with adult weight change was
stronger in women with later vs earlier age at menarche
(RR, 4.20; 95% CI, 2.05-8.64 for �15 years vs RR, 1.51;
95% CI, 1.11-2.06 for 11-12 years; P=.007 for interac-
tion). In MHT nonusers, the associations with current
BMI and adult weight change were stronger for
advanced disease than for nonadvanced disease
(P = .009 [current BMI] and .21 [weight gain] for
heterogeneity) and were stronger for hormone
receptor–positive than hormone receptor–negative
tumors (P� .001 for heterogeneity).

Conclusion: Weight gain throughout adulthood is as-
sociated with increased postmenopausal breast cancer risk
in MHT nonusers.
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O BESITY IS A WELL-ESTAB-
lished risk factor for
postmenopausal breast
cancer.1,2 Risk associ-
ated with adiposity has

been explained predominantly by
increased production of available endoge-
nous estrogens in the adipose tissue,
potentially initiating and promoting
breast carcinogenesis.3-5 Adulthood
weight gain has also been associated with
an increased risk of postmenopausal
breast cancer.6-11 However, it is unclear
whether the risk of breast cancer associ-
ated with weight gain is independent of
the timing of weight gain or whether
weight that is gained during potentially
susceptible life stages (ie, perimeno-
pause) is the relevant determinant of risk.
Individual periods of hormonal change
have distinct biological effects that may
differentially affect the body size and
breast cancer relation.12

Associations of adiposity and adult
weight gain with postmenopausal breast
cancer have been stronger in women who
do not use menopausal hormone therapy
(MHT).2,6-11 However, little is known about
whether hormonal and reproductive fac-
tors reflecting early exposure to female
hormones, such as age at menarche,
modify the relations of adiposity and
weight change to breast cancer risk.

In a large prospective study, we exam-
ined body mass index (BMI) (calculated
as weight in kilograms divided by height
in meters squared) at ages 18, 35, and 50
years and at the current age as well as
weight change during those 4 periods in
relation to postmenopausal breast cancer
risk. We also investigated waist circum-
ference, hip circumference, and waist-
hip ratio in relation to breast cancer risk.
We explored whether the associations of
adiposity and weight change with breast
cancer risk were modified by specific hor-
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monal and reproductive factors, including age at men-
arche and MHT. We also examined whether associa-
tions with adiposity and weight change differed according
to hormone receptor status and tumor stage at diagnosis.

METHODS

STUDY POPULATION

The National Institutes of Health–AARP Diet and Health Study
was established in 1995 when a baseline screening question-
naire that elicited information on medical history and lifestyle
characteristics was returned by 566 407 AARP (formerly known
as the American Association of Retired Persons) members aged
50 to 71 years who resided in 1 of 6 US states (California, Florida,
Louisiana, New Jersey, North Carolina, and Pennsylvania) or
2 metropolitan areas (Atlanta, Georgia, and Detroit, Michi-
gan) known to have high-quality cancer registries and large
AARP memberships.13 A total of 132 943 women and 188 118
men satisfactorily completed the baseline questionnaire and an
additional detailed risk factor questionnaire mailed in 1996. Af-
ter excluding men, women with a history of cancer (except non-
melanoma skin cancer) (n=9039), premenopausal women
(n=4445), and women with missing or extreme values of height
or weight at ages 18, 35, or 50 years or at study baseline
(n=20 420), the analytic cohort included 99 039 postmeno-
pausal women. Extreme values were defined based on the Box-
Cox transformation, which minimizes the Kolmogorov-
Smirnov test statistic for normality. Postmenopausal women
were defined as women who reported having natural meno-
pause (60.4%) or a bilateral oophorectomy (38.9%) or who were
at least 57 years old (the 75th percentile of age at natural meno-
pause in previous research [0.7%]).14

COHORT FOLLOW-UP AND IDENTIFICATION
OF BREAST CANCER CASES

Members of the National Institutes of Health–AARP cohort are
followed up annually for change of address by matching the co-
hort database to that of the National Change of Address main-
tained by the US Postal Service. Information on address changes
is also obtained through receipt of US Postal Service processing
of undeliverable mail, from other address change update ser-
vices, and directly from participants who report address changes
in response to study mailings, such as questionnaires, newslet-
ters, and sample kits. Vital status is ascertained by annual link-
age of the cohort to the Social Security Administration Death Mas-
ter File on deaths in the United States, follow-up searches of the
National Death Index for individuals who match to the Social Se-
curity Administration Death Master File, cancer registry link-
age, questionnaire responses, and responses to other mailings.

All cases of breast cancer were identified by linkage to the
8 state cancer registries. For matching purposes, we have al-
most complete data on first and last name, address history, sex,
and date of birth. All suspected matches underwent a review
to reject potential matches that were unlikely to be true (ap-
proximately 4%), and uncertain matches underwent a final
manual review. In a validation substudy, we previously linked
a randomly selected subset of the cohort (n=12 000) to all 8
cancer registries and compared those data with self-reports and
subsequent medical record confirmation of incident cancer in
this subcohort and found that 90% of all cancer cases are val-
idly identified using cancer registries.15 The Special Studies In-
stitutional Review Board of the US National Cancer Institute
approved this study. Completion of the self-administered base-
line questionnaire was considered to imply informed consent.

ASSESSMENT OF WEIGHT, HEIGHT,
AND OTHER COVARIATES

Information on weight at different ages (ages 18, 35, and 50
years and the current age), current height, and waist and hip
circumferences was collected using the detailed risk factor ques-
tionnaire. Height and weight were used to calculate BMI, which
was divided into 8 categories (15.0-18.4, 18.5-22.4, 22.5-
24.9, 25.0-27.4, 27.5-29.9, 30.0-34.9, 35.0-39.9, and �40.0)
that incorporated the definitions of underweight (�18.5), nor-
mal weight (18.5-24.9), overweight (25.0-29.9), and obesity
(�30.0) proposed by the World Health Organization.16 Cur-
rent height was used to calculate BMI for each period.

Weight change was calculated as the difference in weight
during 4 periods: from age 18 to 35 years, to approximate change
in the early reproductive years; from age 35 to 50 years, to ap-
proximate change in the late reproductive years; from age 50
years to the current age, to approximate change during the peri-
menopausal and postmenopausal years; and from age 18 years
to the current age, to approximate change during total adult-
hood. We chose cutoff points for weight change categories that
are comparable with those used in the literature.6,8,10,17

Information on hormone receptor status was obtained from
cancer registries. The threshold for a positive hormone recep-
tor status was at least 10 fmol of receptor per milligram of total
protein. Because the Florida, Pennsylvania, and Michigan state
cancer registries do not collect hormone receptor informa-
tion, such data were unavailable for 847 cases originating from
those state cancer registries. Thus, analyses regarding hor-
mone receptor status excluded women from those 3 states.
Women from states where hormone receptor information was
available did not differ with respect to age, educational level,
and BMI from women from states where such information was
not available (data not shown).

STATISTICAL ANALYSIS

We calculated person-years from the return date of the ques-
tionnaire (in 1996) to the first date of diagnosis of breast or
other cancer (except nonmelanoma skin cancer), death, or
December 31, 2000. Cox proportional hazards regression was
used to estimate relative risks (RRs) and 95% confidence
intervals (CIs) for breast cancer, with adjustment for the fol-
lowing potential confounders: age (continuous), race or eth-
nic group (white, African American, Hispanic, Asian, or
other), family history of breast cancer (yes or no), level of
education (�12 years of school or high school equivalent, 12
years of school or high school equivalent, post–high school
vocational or technical training, some college or college
graduate, or postgraduate), age at menarche (�12, 13-14, or
�15 years), age at menopause (�40, 40-44, 45-49, 50-54, or
�55 years), age at first birth (�20, 20-24, 25-29, or �30
years or nulliparous), parity (0, 1, 2, 3-4, or �5 live births),
smoking status (never smoker, past smoker with categories of
time since quitting of �5 and �5 years, or current smoker
with categories of �20 and �20 cigarettes per day), physical
activity (never, 1-3 times per month, 1-2 times per week, 3-4
times per week, or �5 times per week), fat intake (quintiles),
alcohol consumption (quintiles), oophorectomy (yes or no),
height (�155, 155-159, 160-164, 165-169, 170-174, 175-180,
or �180 cm), and MHT use (current, past, or never). In
weight change analyses, models were adjusted for weight at
the beginning of the change interval to account for differences
in body size at the beginning of the interval. We also ran mod-
els that mutually adjusted for weight change during all inter-
vals. Tests for linear trend were conducted by treating the
median values of each exposure category as a single continu-
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ous variable in the model. We also applied nonparametric
regression using cubic splines18 to examine the association
between weight change and breast cancer risk. To explore the
effect of patterns of body size change throughout the lifetime
on postmenopausal breast cancer risk, we classified partici-
pants as overweight or obese (BMI �25) or normal weight
(BMI �25) with respect to BMI at ages 18, 35, and 50 years
and the current age.

Relationships were evaluated in the entire data set and sepa-
rately according to MHT use because MHT has been found to
modify the associations of adiposity and weight change with breast
cancer risk.1 In addition, stratified analyses were performed based
on age at menarche. We formally tested for interactions using
log-likelihood ratio tests. In a separate analysis, we tested for
heterogeneity according to estrogen and progesterone receptor
status (ER/PR) and tumor stage using polytomous logistic re-
gression with 3 distinct end points for each of these analyses:
(1) ER�/PR�, (2) ER–/PR–, and (3) no breast cancer; (1) re-
gional or distant metastatic disease, (2) in situ or localized dis-
ease, and (3) no breast cancer. We tested for collinearity be-
tween selected exposure variables by calculating the variance
inflation factor. All the analyses were conducted using a soft-
ware program (SAS version 9.1; SAS Institute Inc, Cary, North
Carolina). All statistical tests were 2 sided.

RESULTS

BASELINE CHARACTERISTICS

During 383 447 person-years of follow-up of 99 039 post-
menopausal women, 2111 women were diagnosed as hav-
ing breast cancer (1740 invasive and 371 in situ). Women
who had greater weight gain since age 18 years had an
earlier age at first birth, were less likely to use MHT and
to smoke, and were less physically active but consumed
more total fat than women who had smaller weight gain
(Table 1). The correlation coefficients between cur-
rent BMI and BMI at ages 50, 35, and 18 years were 0.84,
0.64, and 0.33, respectively. Current BMI was positively
correlated with weight gain since age 18 years (r=0.82),
hip circumference (r=0.80), and waist circumference
(r=0.79). A total of 85.3% of women gained more than
2 kg since age 18 years, and 7.8% remained at a stable
weight during that time (less than a ±2-kg change).
Women gained an average of 15.6 kg since age 18 years.
On average, women gained 5.0, 5.9, and 4.7 kg between
ages 18 and 35 years, ages 35 and 50 years, and age 50
years and the current age, respectively.

BODY SIZE AT DIFFERENT STAGES OF LIFE
AND BREAST CANCER RISK

In the analytic cohort as a whole, the multivariate RRs
of breast cancer according to increasing current BMI cat-
egories (15.0-18.4, 18.5-22.4 [reference], 22.5-24.9, 25.0-
27.4, 27.5-29.9, 30.0-34.9, 35.0-39.9, and �40) were 0.70,
1 [reference], 1.12, 1.19, 1.16, 1.22, 1.37, and 1.45, re-
spectively (95% CI, 1.08-1.93) (P� .001 for trend). Es-
timates remained unchanged when in situ cases were ex-
cluded (data not shown).

Use of MHT modified the relations of BMI to breast
cancer risk (P=.005 and .02 for interaction for current
BMI and BMI at age 50 years, respectively). Hence, all

subsequent analyses were stratified according to MHT use.
Because associations were similar in never and former
MHT users, we created a combined group henceforth re-
ferred to as MHT nonusers. Among MHT nonusers, cur-
rent BMI and BMI at age 50 years showed strong posi-
tive relations with breast cancer risk (Table 2). Current
BMI of 40 or greater showed a more than doubling of risk
compared with women with current BMI of 18.5 to 22.4.
In current MHT users, no associations were observed for
current BMI or BMI at ages 50 and 35 years. In addition,
in current MHT users, associations with BMI were simi-
larly null for the subgroup of women with estrogen-
only use and the group with estrogen plus progestin use
(data not shown). In contrast, BMI at age 18 years was
inversely associated with breast cancer risk regardless of
MHT use.

Waist and hip circumferences and waist to hip ratio
were each positively associated with breast cancer in MHT
nonusers, whereas associations were null in MHT users.
The association with waist circumference was slightly
weakened after adjustment for current BMI (RR, 1.42;
95% CI, 0.79-2.57); however, results of the test for trend
remained significant (P=.02 for trend).

ADULT WEIGHT GAIN
AND BREAST CANCER RISK

Weight gains during the early reproductive years (ages
18-35 years), the late reproductive years (ages 35-50
years), the perimenopausal and postmenopausal years (age
50 years to the current age), and total adulthood (age 18
years to the current age) were each consistently associ-
ated with increased breast cancer risk in MHT nonusers
compared with stable weight during those periods
(Table 3). The associations with weight gain from age
50 years to the current age and weight gain from age 18
years to the current age were somewhat stronger in older
women (�60 years) than younger women (�60 years),
although interaction with age was not significant (P=.28
and .32 for interaction, respectively). The association with
weight gain from age 50 years to the current age was some-
what stronger in less overweight women at the begin-
ning of the interval than in overweight women (for a
�20-kg change: RR, 1.87 [95% CI, 1.24-2.81] for BMI
�25 at age 50 years vs RR, 1.35 [95% CI, 0.90-2.03] for
BMI �25 at age 50 years). However, none of the inter-
actions between weight gain in a given interval and BMI
at the beginning of that interval were significant (be-
tween BMI at age 18 years and weight gain from age 18
years to the current age: P=.55 for interaction; between
BMI at age 18 years and weight gain from ages 18-35 years:
P=.20 for interaction; between BMI at age 35 years and
weight gain from ages 35-50 years: P=.97 for interac-
tion; and between BMI at age 50 years and weight gain
from age 50 years to the current age: P=.14 for interac-
tion). No associations with weight gain were observed
in current MHT users. The nonparametric regression
curve showed a pattern similar to the categorical analy-
ses; the multivariate RR increased with increasing weight
change since age 18 years in MHT nonusers but not in
current MHT users (Figure).
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ADULT WEIGHT LOSS
AND BREAST CANCER RISK

Adult weight loss was unrelated to breast cancer com-
pared with stable weight (Table 3). The lack of associa-
tion of weight loss with breast cancer risk was consis-
tent across the entire lifetime. Associations between weight
loss and breast cancer did not differ based on MHT use.
Estimates remained unchanged when in situ cases were
excluded (data not shown). To confirm that weight loss
due to preclinical disease did not account for the null as-

sociations observed, we repeated all the analyses after ex-
cluding women who were diagnosed as having cancers
of any type during the first 2 years of follow-up. Risk es-
timates remained unchanged (data not shown).

PATTERNS OF WEIGHT CHANGE THROUGHOUT
LIFE AND BREAST CANCER RISK

An exploratory analysis of body size patterns throughout
life and breast cancer in MHT nonusers is given inTable4.
Compared with women who had a consistently normal

Table 1. Baseline Characteristics of Participants According to Weight Change and Current BMI, National Institutes of Health–AARP Studya

Characteristic

Weight Change in Adulthood, kgb Current BMI

�−2.0
−1.9 to

1.9
2.0 to
9.9

10.0 to
19.9

20.0 to
29.9

30.0 to
39.9 �40.0

18.5 to
24.9

25.0 to
29.9 �30.0

Participants, No. (%) 6707 (7.4) 6174 (6.8) 24 365 (26.8) 29 172 (32.1) 18 011 (19.8) 5566 (6.1) 951 (1.1) 42 990 (47.3) 32 363 (35.6) 14 430 (15.9)
Age, mean, y 63.0 63.0 62.9 62.9 62.8 62.6 62.5 62.8 63.0 62.7
Race, %

White 95.8 95.2 95.4 93.7 91.7 89.8 86.3 95.3 92.6 91.1
African American 1.7 1.7 2.0 3.6 6.1 8.5 11.5 2.1 4.8 6.8
Hispanic 1.0 1.4 1.4 1.6 1.5 1.1 1.4 1.3 1.7 1.4
Other 1.6 1.7 1.3 1.1 0.7 0.6 0.8 1.3 0.9 0.7

Age at menarche,
mean, y

12.5 12.6 12.6 12.6 12.5 12.5 12.6 12.7 12.5 12.3

Age at first birth in
parous women,
mean, y

24.0 23.7 23.6 23.2 23.0 22.8 22.4 23.6 23.1 22.9

Parity, mean, No. 2.5 2.6 2.6 2.8 3.0 3.0 3.1 2.6 2.9 3.0
Age at menopause,

mean, yc
47.2 47.4 47.3 47.0 46.6 46.5 46.2 47.2 46.8 46.7

Menopausal hormone
therapy, % current
users

47.4 51.9 52.0 48.6 43.1 39.9 37.0 52.6 45.7 38.8

Family history of breast
cancer, %

14.7 14.5 14.8 15.2 15.0 15.9 15.5 14.9 14.9 15.6

Smoking status, % ever
smokers

65.1 58.0 55.8 54.7 53.8 53.2 56.0 56.4 55.7 53.4

Moderate to vigorous
physical activity,
mean, h/wk

4.9 4.9 4.7 4.3 3.8 3.4 3.1 4.7 4.1 3.4

Total energy, mean,
kcal/d

1506 1513 1512 1556 1615 1672 1729 1530 1567 1620

Total fat intake,
mean, g/dd

48.0 48.0 48.6 52.0 56.0 59.3 61.9 49.4 52.8 56.9

Alcohol consumption,
mean, g/d

7.6 7.5 7.3 6.5 5.5 4.8 4.5 7.5 6.0 4.6

Current BMI, mean 21.7 21.8 23.2 25.8 29.1 31.8 33.2 22.3 27.2 32.1
BMI at age 50 y, mean 22.3 22.0 22.7 24.3 26.3 27.5 28.0 22.0 25.3 28.7
BMI at age 35 y, mean 22.5 21.7 21.8 22.3 23.0 23.1 22.6 21.1 22.9 24.9
BMI at age 18 y, mean 24.6 21.7 20.8 20.3 20.1 19.5 18.1 20.2 20.9 22.0
Height, mean, cm 163 163 163 164 165 166 171 164 164 163
Current weight,

mean, kg
57.8 57.7 61.9 69.2 78.8 87.8 96.5 60.7 73.3 85.4

Hip circumference,
mean, cm

95.3 95.3 98.6 103.6 110.5 116.3 121.2 97.5 106.7 115.3

Waist circumference,
mean, cm

73.9 73.7 77.7 84.8 93.0 99.6 104.1 76.7 88.4 98.3

Weight change from
age 18 y to baseline,
mean, kg

−7.7 0.2 6.3 14.8 24.4 34.0 43.7 6.3 17.0 27.0

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
aAll values other than age are adjusted for age.
bFrom age 18 years to the current age.
cIn women who reported natural menopause.
dAdjusted for total energy intake.
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Table 2. Multivariate Analysis of Postmenopausal Breast Cancer in Relation to BMI and Body Circumference Measures,
National Institutes of Health–AARP Studya

Variable Body Size Category
P Value
for Trend

Current BMI, range 15.0-18.4 18.5-22.4 22.5-24.9 25.0-27.4 27.5-29.9 30.0-34.9 35.0-39.9 �40.0
MHT nonusers

Cases, No. 6 134 179 197 136 175 77 44
RR (95% CI)b,c 0.64

(0.28-1.45)
1 [Reference] 1.19

(0.95-1.49)
1.35

(1.08-1.68)
1.52

(1.29-1.94)
1.55

(1.22-1.96)
1.89

(1.40-2.55)
2.08

(1.44-2.99)
�.001

Current MHT users
Cases, No. 11 280 313 257 117 129 40 15
RR (95% CI)b,c 0.79

(0.43-1.44)
1 [Reference] 1.13

(0.96-1.33)
1.19

(1.00-1.42)
1.04

(0.83-1.30)
1.14

(0.91-1.42)
1.13

(0.80-1.61)
1.10

(0.64-1.88)
.22

BMI at age 50 y, range 15.0-18.4 18.5-22.4 22.5-24.9 25.0-27.4 27.5-29.9 30.0-34.9 35.0-39.9 �40.0
MHT nonusers

Cases, No. 11 226 278 181 103 93 36 20
RR (95% CI)b,c 1.01

(0.55-1.85)
1 [Reference] 1.25

(1.05-1.49)
1.18

(0.96-1.45)
1.67

(1.31-2.14)
1.50

(1.16-1.95)
1.71

(1.17-2.49)
2.00

(1.23-3.26)
�.001

Current MHT users
Cases, No. 11 415 388 190 58 70 24 6
RR (95% CI)b,c 0.65

(0.35-1.18)
1 [Reference] 1.22

(1.06-1.40)
1.11

(0.93-1.32)
0.95

(0.72-1.27)
1.25

(0.95-1.64)
1.55

(1.06-2.38)
0.92

(0.40-2.10)
.02

BMI at age 35 y, range 15.0-18.4 18.5-22.4 22.5-24.9 25.0-27.4 27.5-29.9 �30.0
MHT nonusers

Cases, No. 33 459 260 113 39 44
RR (95% CI)b,c 1.14

(0.79-1.64)
1 [Reference] 1.09

(0.93-1.28)
1.26

(1.01-1.58)
1.43

(1.01-2.02)
1.17

(0.82-1.67)
.06

Current MHT users
Cases, No. 44 722 263 92 19 22
RR (95% CI)b,c 0.91

(0.66-1.24)
1 [Reference] 0.96

(0.83-1.11)
1.05

(0.83-1.33)
0.80

(0.50-1.28)
0.75

(0.47-1.20)
.38

BMI at age 18 y, range 15.0-18.4 18.5-22.4 22.5-24.9 25.0-27.4 27.5-29.9 �30.0
MHT nonusers

Cases, No. 147 599 132 44 14 12
RR (95% CI)b,d 1.05

(0.87-1.26)
1 [Reference] 0.83

(0.68-1.00)
0.74

(0.54-1.01)
0.74

(0.44-1.27)
0.48

(0.27-0.86)
�.001

Current MHT users
Cases, No. 206 763 140 33 10 10
RR (95% CI)b,d 1.05

(0.90-1.22)
1 [Reference] 0.91

(0.76-1.10)
0.74

(0.52-1.06)
0.71

(0.38-1.33)
0.65

(0.35-1.23)
.01

Waist circumference, range, cm �75 76-82 83-89 90-96 97-103 �103
MHT nonusers

Cases, No. 109 89 121 104 99 96
RR (95% CI)b,e 1 [Reference] 0.90

(0.68-1.19)
1.17

(0.90-1.51)
1.27

(0.97-1.67)
1.75

(1.32- 2.31)
1.55

(1.16-2.06)
�.001

Current MHT users
Cases, No. 255 196 146 108 66 59
RR (95% CI)c,e 1 [Reference] 0.98

(0.81-1.19)
0.90

(0.73-1.10)
1.00

(0.80-1.26)
1.08

(0.82-1.42)
1.07

(0.80-1.43)
.71

Hip circumference, range, cm �90 91-100 101-110 111-120 121-130 �130
MHT nonusers

Cases, No. 30 156 215 138 47 32
RR (95% CI)b,e 1 [Reference] 0.91

(0.61-1.34)
1.15

(0.78-1.69)
1.39

(0.93-2.08)
1.27

(0.80-2.03)
1.49

(0.89-2.48)
�.001

Current MHT users
Cases, No. 53 295 309 120 37 16
RR (95% CI)b,e 1 [Reference] 0.85

(0.63-1.14)
0.95

(0.71-1.27)
0.93

(0.67-1.29)
0.97

(0.63-1.48)
0.97

(0.55-1.71)
.50

Waist to hip ratio, range �0.70 0.71-0.76 0.77-0.82 0.83-0.88 0.89-0.94 �0.94
MHT nonusers

Cases, No. 17 95 153 175 115 63
RR (95% CI)b,e 1 [Reference] 1.24

(0.74-2.07)
1.24

(0.75-2.05)
1.60

(0.97-2.64)
1.82

(1.09-3.03)
1.88

(1.10-3.23)
�.001

Current MHT users
Cases, No. 51 236 236 195 71 1
RR (95% CI)b,e 1 [Reference] 1.03

(0.76-1.40)
0.83

(0.61-1.13)
1.01

(0.74-1.37)
0.74

(0.51-1.06)
1.00

(0.66-1.51)
.18

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CI, confidence interval; MHT, menopausal hormone
therapy; RR, relative risk.

aThe P values for the tests of interaction between body size and MHT were .005 for current BMI, .02 for BMI at age 50 years, .14 for BMI at age 35 years,
.99 for BMI at age 18 years, .002 for waist circumference, .06 for hip circumference, and less than .001 for waist to hip ratio.

bAdjusted for age, age at menarche, age at menopause, age at first birth, parity, smoking, educational level, race, family history of breast cancer, fat intake, alcohol
consumption, oophorectomy, and physical activity.

cAdditionally adjusted for BMI at age 18 years.
dAdditionally adjusted for current BMI.
eAdditionally adjusted for height.

(REPRINTED) ARCH INTERN MED/ VOL 167 (NO. 19), OCT 22, 2007 WWW.ARCHINTERNMED.COM
2095

©2007 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



weight throughout life, women who were overweight or
obese (BMI �25) at ages 35 and 50 years and at study
baseline had an approximately 1.4 times higher risk of
breast cancer. In contrast, women who were overweight
or obese at age 18 years in addition to being consistently
overweight or obese at ages 35 and 50 years and at study
baseline had no increased breast cancer risk compared
with those who consistently maintained a normal

weight. Similar relations were observed when using a
BMI of at least 30 as the cutoff value (data not shown). In
addition, when weight changes from age 50 years to the
current age, from ages 35 to 50 years, and from ages 18 to
35 years were included simultaneously in the multivari-
ate model, a positive relation between weight gain and
breast cancer risk was observed for each stage of life
(Table 4).

Table 3. Multivariate Analysis of Postmenopausal Breast Cancer in Relation to Weight Change,
National Institutes of Health–AARP Study

Weight Change Variable Weight Change Category, kga
P Value

for Trendb

Weight change in total adulthood
(age 18 y to the current age)

�−7.0 −6.99 to
−2.0

−1.9 to 1.9 2.0 to
9.9

10.0 to
19.9

20.0 to
29.9

30.0 to
39.9

40.0 to
49.9

�50.0

MHT nonusers
Cases, No. 19 33 39 182 252 217 113 57 36
RR (95% CI)c,d 1.19

(0.67-2.10)
1.10

(0.69-1.76)
1

[Reference]
1.18

(0.83-1.67)
1.27

(0.90-1.78)
1.56

(1.10-2.21)
1.87

(1.29-2.72)
2.02

(1.33-3.06)
2.15

(1.35-3.42)
�.001

Current MHT users
Cases, No. 19 70 88 294 389 196 65 31 10
RR (95% CI)c,d 0.81

(0.48-1.37)
1.15

(0.84-1.58)
1

[Reference]
0.86

(0.68-1.10)
1.08

(0.85-1.37)
1.03

(0.79-1.33)
0.98

(0.70-1.36)
1.14

(0.75-1.74)
0.83

(0.43-1.62)
.32

Weight change in the
perimenopausal and
postmenopausal years
(age 50 y to the current age)

�−7.0 −6.99-−2.0 −1.9-�1.9 2.0-9.9 10.0-19.9 20.0-29.9 �30.0

MHT nonusers
Cases, No. 43 73 165 419 174 52 22
RR (95% CI)c,e 1.38

(0.97-1.98)
1.10

(0.83-1.45)
1

[Reference]
1.32

(1.10-1.59)
1.45

(1.17-1.81)
1.44

(1.04-1.98)
1.89

(1.20-2.97)
�.001

Current MHT users
Cases, No. 34 105 327 520 137 31 8
RR (95% CI)c,e 1.16

(0.80-1.69)
1.08

(0.87-1.35)
1

[Reference]
1.02

(0.89-1.18)
1.01

(0.82-1.24)
1.06

(0.73-1.54)
0.99

(0.49-2.01)
.66

Weight change in the late
reproductive years
(ages 35-50 y)

�−7.0 −6.99-−2.0 −1.9-�1.9 2.0-9.9 10.0-19.9 20.0-29.9 �30.0

MHT nonusers
Cases, No. 25 55 121 493 171 53 30
RR (95% CI)c,f 1.40

(0.89-2.20)
1.14

(0.83-1.57)
1

[Reference]
1.19

(0.98-1.46)
1.41

(1.11-1.79)
1.64

(1.18-2.30)
2.29

(1.51-3.46)
�.001

Current MHT users
Cases, No. 19 66 218 662 152 34 11
RR (95% CI)c,f 0.93

(0.56-1.53)
0.89

(0.67-1.17)
1

[Reference]
1.10

(0.94-1.28)
1.12

(0.90-1.39)
1.11

(0.76-1.60)
1.08

(0.59-2.01)
.49

Weight change in the early
reproductive years
(ages 18-35 y)

�−7.0 −6.99-−2.0 −1.9-�1.9 2.0-9.9 10.0-19.9 20.0-29.9 �30.0

MHT nonusers
Cases, No. 31 75 108 555 138 25 16
RR (95% CI)c,d 1.06

(0.68-1.64)
1.02

(0.75-1.37)
1

[Reference]
1.17

(0.95-1.44)
1.20

(0.93-1.55)
1.11

(0.71-1.72)
1.89

(1.11-3.22)
.06

Current MHT users
Cases, No. 36 134 161 686 124 14 7
RR (95% CI)c,d 1.06

(0.71-1.58)
1.23

(0.98-1.56)
1

[Reference]
1.15

(0.96-1.36)
1.14

(0.90-1.45)
0.91

(0.52-1.57)
1.12

(0.52-2.41)
.53

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CI, confidence interval; MHT, menopausal hormone
therapy; RR, relative risk.

aThe P values for tests of trend are based on analyses that exclude women who fell into the 2 weight loss categories.
bThe P values for the tests of interaction between weight change and MHT were less than .001 for weight change from age 18 years to the current age, .006 for

weight change from age 50 years to the current age, .02 for weight change from ages 35 to 50 years, and .46 for weight change from ages 18 to 35 years.
cAdjusted for age, age at menarche, age at menopause, age at first live birth, parity, smoking, educational level, race, family history of breast cancer, fat intake, alcohol

consumption, oophorectomy, physical activity, and height.
dAdditionally adjusted for weight at age 18 years.
eAdditionally adjusted for weight at age 50 years.
fAdditionally adjusted for weight at age 35 years.
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When weight gain in total adulthood and current
BMI were simultaneously included in the multivariate
model, a positive trend remained for weight change, but
current BMI was no longer significantly associated with
risk. We tested for collinearity of adult weight gain and
current BMI by calculating the variance inflation factor.
The values were 3.37 for weight gain and 3.34 for cur-
rent BMI, suggesting no collinearity. Similarly, when
adult weight gain and waist circumference were simul-
taneously included in the model, a positive trend
remained for weight change but not for waist circumfer-
ence (data not shown) (variance inflation factors: 2.03
for weight gain and 1.97 for waist circumference).

CURRENT BMI, BMI AT AGE 18 YEARS,
ADULT WEIGHT CHANGE, AND BREAST
CANCER RISK BY SELECTED HORMONAL

AND REPRODUCTIVE FACTORS

The associations among current BMI, BMI at age 18
years, and weight change in relation to breast cancer
risk were modified by age at menarche (Table 5).
More pronounced associations were seen in women
with later age at menarche; relations were less pro-
nounced in women with earlier age at menarche,
although the interaction was significant only for
weight change (P=.15, .83, and .007 for interaction,
respectively). No interactions were observed with age
at first birth, parity, or age at menopause. In current
MHT users, no interactions between current BMI or
adult weight gain and hormonal or reproductive fac-
tors in relation to breast cancer risk were observed
(data not shown).

CURRENT BMI, ADULT WEIGHT CHANGE,
AND BREAST CANCER RISK BY TUMOR SUBTYPE

We subdivided breast cancer cases according to tumor
stage at diagnosis and hormone receptor status in MHT
nonusers (Table 6). Associations with current BMI
were stronger for advanced disease (regional or distant
metastases) than nonadvanced disease (in situ or local-
ized) (P=.009 for heterogeneity). Estimates remained
unchanged when in situ cases were excluded (data not
shown). The associations of current BMI and weight
gain with breast cancer according to tumor stage were
suggestively more pronounced in women who had 1 or
fewer mammograms during the past 3 years (P=.06 for
heterogeneity) compared with women who underwent
mammography more than once (P=.10 for heteroge-
neity).

In MHT nonusers, the positive associations between
current BMI and adult weight gain and breast cancer risk
were most evident for ER�PR� tumors (P� .001 and
P=.006 for heterogeneity, respectively). In contrast, as-
sociations with ER�PR−, ER−PR�, and ER−PR− tu-
mors were nonsignificant, although statistical power to
detect relations was weak because of the small numbers
of cases. In current MHT users, no relation between cur-
rent BMI or adult weight gain and breast cancer risk was
observed, regardless of hormone receptor status (data not
shown).

COMMENT

In this large prospective study of postmenopausal women,
adulthood adiposity and weight gain were associated with
increased breast cancer risk, particularly in MHT non-
users. Relations with weight gain were evident through-
out adulthood and were not limited to specific periods
in life. Risk associated with weight gain from age 18 years
to the current age was stronger in women with later age
at menarche than in those with earlier age at menarche.
Women who gained weight or were overweight or obese
were more likely to develop advanced disease or hor-
mone receptor–positive tumors. These relations were all
weaker or absent in current MHT users.

Most previous cohort studies9,19-24 have found a
modest increase in breast cancer risk with increasing
BMI, with risk estimates not exceeding 1.6 comparing
extreme BMI categories. However, comparisons have
been based on limited variation in BMI, with cutoff
values generally not exceeding 30.0. For BMI values of
25.0 to 30.0, risk estimates have ranged from 1.3 to
1.6.9,19-24 The Pooling Project2 reported a monotonic
increase in breast cancer risk up to a BMI of 28.0,
beyond which risk did not increase further. The pres-
ent findings are consistent with those of the Women’s
Health Initiative, which found an RR of 2.5 for a BMI
greater than 31.0.11 No previous studies have included
a BMI category of 40.0 or greater. Consistent with the
present data, risk has been more pronounced in
women not currently8,21 or previously9,11,24 using MHT.
The present finding of an inverse association with BMI
at age 18 years is also consistent with previous stud-
ies11,23 and may be explained by increased frequency of
anovulatory cycles and lower serum estradiol and pro-
gesterone levels in obese young women.25,26

At least 5 prospective studies have examined waist cir-
cumference in relation to breast cancer. Findings are mixed,
with some studies showing a positive association11,17,23 and
others no relation.21,27 Possible reasons for this inconsis-
tency include small sample sizes, lack of stratification by
MHT use, or variable adjustment for height or BMI.
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Figure. Nonparametric regression curve for the association between weight
change since age 18 years and postmenopausal breast cancer by menopausal
hormone therapy (MHT) status. The model is adjusted for age, age at
menarche, age at menopause, age at first live birth, parity, smoking, educational
level, race, family history of breast cancer, fat intake, alcohol consumption,
oophorectomy, physical activity, height, and weight at age
18 years.

(REPRINTED) ARCH INTERN MED/ VOL 167 (NO. 19), OCT 22, 2007 WWW.ARCHINTERNMED.COM
2097

©2007 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



The present findings indicate that the relations of adult
weight gain to breast cancer are evident throughout the
entire adulthood lifespan rather than being limited to a
specific time in life. To our knowledge, this is the first
prospective study to show significant increased risk in
relation to multiple adult stages of life across a broad range
of weight change. A case-control study7 from Long Is-
land, New York, reported that weight gain after meno-
pause showed an increased breast cancer risk, whereas
weight gain from ages 20 to 30 years did not enhance risk,
but the latter analysis did not evaluate potential effect
modification by MHT use. In the Iowa Women’s Health
Study,28 an increased risk of postmenopausal breast can-
cer was observed in women who progressively gained
weight throughout adulthood, although that study used
only 3 broad categories of weight change: stable, gain,

and loss. The Nurses’ Health Study6 examined weight
change from age 18 years to menopause and weight
change since menopause and found an increased risk of
postmenopausal breast cancer in women who gained
weight during those periods. Other studies8,10,11 have not
addressed multiple life stages but have assessed adult
weight change from age 18 years to the current age or
have focused on postmenopausal weight change only.

Although substantial weight gain has been associ-
ated with enhanced breast cancer risk,29 whether mod-
est weight gains increase breast cancer risk is unclear.
In the present study, the magnitude of the association
between adult weight gain and breast cancer risk is con-
sistent with previous prospective studies6,8-10 that re-
ported a 50% to 90% increased risk for a 20- to 30-kg
adult weight gain. With substantial statistical power, we

Table 4. Multivariate Analysis of Postmenopausal Breast Cancer in Relation to Pattern of Weight Change in MHT Nonusers,
National Institutes of Health–AARP Study

Weight Change Pattern Cases, No.a RRb (95% CI)

Consistently normal weight 282 1 [Reference]
Overweight or obesec only in the postmenopausal years (normal weight

at ages 18, 35, and 50 y and overweight or obese at study baseline)
206 1.41 (1.17-1.69)

Overweight or obese since the perimenopausal and postmenopausal
years (normal weight at ages 18 and 35 y and overweight or obese at
age 50 y and at study baseline)

229 1.35 (1.12-1.61)

Overweight or obese since the late reproductive years (normal weight at
age 18 y and overweight or obese at ages 35 and 50 y and at study
baseline)

124 1.35 (1.08-1.68)

Overweight or obese since the early reproductive years (consistently
overweight or obese)

45 1.07 (0.77-1.47)

Overweight or obese only at age 50 y (normal weight at ages 18 and 35 y
and at study baseline and overweight or obese at age 50 y)

17 1.36 (0.83-2.21)

Mutually adjusted modeld

Weight change from age 50 y to the current age, kg
�−7.0 43 1.29 (0.91-1.84)
−6.99 to −2.0 73 1.10 (0.83-1.45)
−1.9 to 1.9 165 1 [Reference]
2.0 to 9.9 419 1.32 (1.10-1.59)
10.0 to 19.9 174 1.46 (1.17-1.82)
20.0 to 29.9 52 1.45 (1.06-2.00)
�30.0 22 1.94 (1.23-3.06)

Weight change from ages 35 to 50 y, kg
�−7.0 25 1.15 (0.72-1.82)
−6.99 to −2.0 55 1.15 (0.83-1.58)
−1.9 to 1.9 121 1 [Reference]
2.0 to 9.9 493 1.11 (0.90-1.36)
10.0 to 19.9 171 1.31 (1.02-1.67)
20.0 to 29.9 53 1.56 (1.11-2.19)
�30.0 30 2.23 (1.46-3.41)

Weight change from ages 18 to 35 y, kg
�−7.0 31 0.84 (0.56-1.26)
−6.99 to −2.0 75 0.97 (0.72-1.30)
−1.9 to 1.9 108 1 [Reference]
2.0 to 9.9 555 1.09 (0.89-1.36)
10.0 to 19.9 138 1.06 (0.82-1.38)
20.0 to 29.9 25 0.94 (0.60-1.47)
�30.0 16 1.65 (0.99-2.91)

Abbreviations: CI, confidence interval; MHT, menopausal hormone therapy; RR, relative risk.
aThe number of cases for any other combination of weight change was less than 10. We collapsed such categories to create a single group that contained

45 cases, and the RR for that group was 1.11 (95% CI, 0.81-1.52).
bRRs adjusted for age, age at menarche, age at menopause, age at first live birth, parity, smoking, educational level, race, family history of breast cancer, fat

intake, alcohol consumption, oophorectomy, physical activity, and height.
cOverweight or obese is defined as body mass index (calculated as weight in kilograms divided by height in meters squared) of 25 or greater.
dMutually adjusted model: weight change from age 50 years to the current age, from ages 35 to 50 years, and from ages 18 to 35 years were included

simultaneously in the multivariate model.
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evaluated even less pronounced weight gains. For ex-
ample, we found a statistically significant 30% in-
creased breast cancer risk with weight gain between as
little as 2 to 10 kg from age 50 years to the current age,
representing the perimenopausal to postmenopausal pe-
riod for most women.

We found no significant association with weight loss,
which is consistent with most studies in this area.9,10,30 In
contrast, the Nurses’ Health Study6 recently reported a sig-
nificantly decreased breast cancer risk with sustained weight

loss after menopause. Success in detecting an association
with weight loss in that study could be due to substan-
tially longer follow-up, a more rigorous definition of stable
weight, and repeated assessments of weight change across
successive questionnaire cycles. Similarly, the Iowa Wom-
en’s Health Study28 reported a decreased risk of breast can-
cer with adult weight loss.

The present data do not permit us to definitively con-
clude that both current BMI and adult weight gain are
independently associated with increased breast cancer risk

Table 5. Multivariate Analysis of Postmenopausal Breast Cancer in Relation to Current BMI, BMI at Age 18 Years, and Adulthood Weight
Change in MHT Nonusers, Stratified by Selected Hormonal and Reproductive Factors, National Institutes of Health–AARP Study

Age at Menarche

Current BMI
P Value

for Trenda�25.0 25.0 to 29.9 30.0 to 34.9 �35.0

�10 y
Cases, No. 13 21 11 12
RR (95% CI)b 1 [Reference] 1.44 (0.71-2.95) 1.06 (0.45-2.51) 1.43 (0.57-3.58) .83

11-12 y
Cases, No. 134 143 86 57
RR (95% CI)b 1 [Reference] 1.20 (0.94-1.52) 1.32 (0.99-1.76) 1.52 (1.07-2.15) �.001

13-14 y
Cases, No. 140 143 59 40
RR (95% CI)b 1 [Reference] 1.41 (1.11-1.79) 1.42 (1.03-1.96) 1.97 (1.33-2.91) �.001

�15 y
Cases, No. 26 24 15 10
RR (95% CI)b 1 [Reference] 1.42 (0.80-2.50) 2.43 (1.23-4.80) 3.25 (1.44-7.36) �.001

Age at Menarche

BMI at Age 18 y
P Value

for Trenda�18.5 18.5 to 22.4 22.5 to 24.9 �25.0

�10 y
Cases, No. 3 30 14 10
RR (95% CI)b 0.63 (0.19-2.10) 1 [Reference] 1.11 (0.57-2.16) 1.00 (0.46-2.16) .59

11-12 y
Cases, No. 49 269 66 36
RR (95% CI)b 0.94 (0.69-1.28) 1 [Reference] 0.85 (0.64-1.11) 0.75 (0.52-1.08) .21

13-14 y
Cases, No. 75 247 40 20
RR (95% CI)b 1.12 (0.86-1.45) 1 [Reference] 0.70 (0.50-0.99) 0.61 (0.38-0.97) .006

�15 y
Cases, No. 19 45 8 3
RR (95% CI)b 1.27 (0.73-2.21) 1 [Reference] 0.81 (0.38-1.76) 0.38 (0.11-1.27) .08

Age at Menarche

Weight Change From Age 18 y to Current Age, kg
P Value

for Trenda�−2.0 −2.0 to 9.9 10.0 to 19.9 20.0 to 29.9 �30.0

�10 y
Cases, No. 3 21 9 8 16
RR (95% CI)b 0.35 (0.10-1.24) 1 [Reference] 0.40 (0.18-0.90) 0.42 (0.18-0.97) 0.93 (0.45-1.92) .49

11-12 y
Cases, No. 22 96 120 97 85
RR (95% CI)b 0.97 (0.60-1.56) 1 [Reference] 1.24 (0.94-1.63) 1.36 (1.01-1.82) 1.51 (1.11-2.06) .002

13-14 y
Cases, No. 19 87 109 91 76
RR (95% CI)b 0.99 (0.60-1.66) 1 [Reference] 1.21 (0.91-1.62) 1.58 (1.16-2.14) 1.91 (1.38-2.65) �.001

�15 y
Cases, No. 7 13 12 19 24
RR (95% CI)b 2.75 (1.04-7.26) 1 [Reference] 0.89 (0.40-1.96) 2.09 (1.00-4.33) 4.20 (2.05-8.64) �.001

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CI, confidence interval; MHT, menopausal
hormone therapy; RR, relative risk.

aThe P values for tests of trend are based on analyses that exclude women who fell into the weight loss category. The P values for the tests of interaction were
.15 for current BMI, .83 for BMI at age 18 years, and .007 for weight change.

bAdjusted for age, age at menarche, age at menopause, age at first live birth, parity, smoking, educational level, race, family history of breast cancer, fat intake,
alcohol consumption, oophorectomy, physical activity, weight at age 18 years, and height (weight change model only).
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because current BMI represents the end result of adult
weight gain up to that time. Although adult weight gain
and current BMI were positively correlated in these data,

this analysis indicated no statistically relevant collinear-
ity between the two. The finding that current BMI was
not significantly associated with risk, whereas a positive

Table 6. Multivariate Analysis of Postmenopausal Breast Cancer in Relation to Current BMI and Adulthood Weight Change
in MHT Nonusers, Stratified by Selected Tumor Characteristics, National Institutes of Health–AARP Studya

Characteristic

Current BMI
P Value
for Trend�25.0 25.0 to 29.9 30.0 to 34.9 �35.0

Tumor stage
In situ or localized

Cases, No. 246 249 128 77
RR (95% CI)b 1 [Reference] 1.24 (1.04-1.49) 1.37 (1.09-1.71) 1.44 (1.09-1.91) .002

Regional or distant metastases
Cases, No. 73 84 47 44
RR (95% CI)b 1 [Reference] 1.41 (1.00-1.99) 1.59 (1.05-2.41) 3.05 (1.97-4.71) �.001

Hormone receptor statusc

ER�/PR�

Cases, No. 52 80 42 27
RR (95% CI)b 1 [Reference] 1.99 (1.40-2.84) 2.22 (1.45-3.40) 2.69 (1.62-4.46) �.001

ER�/PR−
Cases, No. 22 15 4 3
RR (95% CI)b 1 [Reference] 0.84 (0.43-1.63) 0.48 (0.16-1.44) 0.75 (0.20-2.75) .39

ER−/PR�

Cases, No. 4 2 2 2
RR (95% CI)b . . . . . . . . . . . .

ER−/PR−
Cases, No. 24 20 6 3
RR (95% CI)b 1 [Reference] 0.95 (0.52-1.75) 0.50 (0.20-1.75) 0.33 (0.09-1.19) .06

Unknown
Cases, No. 64 62 36 27
RR (95% CI)b 1 [Reference] 1.28 (0.90-1.83) 1.62 (1.05-2.50) 2.08 (1.25-3.45) .003

Weight Change From Age 18 y to the Current Age, kg

�−2.0 −2.0 to 9.9 10.0 to 19.9 20.0 to 29.9 �30.0

Tumor stage
In situ or localized

Cases, No. 42 164 186 169 139
RR (95% CI)b 1.08 (0.76-1.52) 1 [Reference] 1.11 (0.90-1.37) 1.45 (1.17-1.81) 1.59 (1.25-2.02) �.001

Regional or distant metastases
Cases, No. 10 57 68 48 67
RR (95% CI)b 0.73 (0.36-1.51) 1 [Reference] 1.09 (0.74-1.60) 1.16 (0.76-1.77) 2.28 (1.53-3.39) �.001

Hormone receptor statusc

ER�/PR�

Cases, No. 10 41 43 55 53
RR (95% CI)b 1.10 (0.56-2.18) 1 [Reference] 1.14 (0.74-1.76) 2.03 (1.33-3.08) 2.69 (1.74-4.17) �.001

ER�/PR−
Cases, No. 2 11 19 5 7
RR (95% CI)b 0.74 (0.16-3.37) 1 [Reference] 1.68 (0.80-3.53) 0.63 (0.22-1.84) 1.28 (0.47-3.48) .95

ER−/PR�

Cases, No. 2 2 1 1 4
RR (95% CI)b

ER−/PR−
Cases, No. 7 12 19 10 5
RR (95% CI)b 2.01 (0.75-5.36) 1 [Reference] 1.57 (0.75-3.26) 1.20 (0.52-2.80) 0.61 (0.21-1.82) .06

Unknown
Cases, No. 14 42 42 49 42
RR (95% CI)b 1.34 (0.72-2.53) 1 [Reference] 1.01 (0.66-1.56) 1.68 (1.10-2.58) 1.91 (1.21-3.02) �.001

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CI, confidence interval; ER, estrogen receptor;
MHT, menopausal hormone therapy; PR, progesterone receptor; RR, relative risk.

aThe P values for the tests of heterogeneity according to stage at diagnosis were .009 for current BMI and .21 for weight change since age 18 years. The
P values for the tests of heterogeneity according to hormone receptor status were less than .001 for current BMI and .006 for weight change since age 18 years.
We tested for heterogeneity by ER/PR status and tumor stage using polytomous logistic regression with 3 distinct end points for each of these analyses ([1]
ER�/PR�, [2] ER–/PR–, and [3] no breast cancer; [1] regional or distant metastatic disease, [2] in situ or localized disease, and [3] no breast cancer).

bAdjusted for age, age at menarche, age at menopause, age at first live birth, parity, smoking, educational level, race, family history of breast cancer, fat intake,
alcohol consumption, oophorectomy, physical activity, weight at age 18 years, and height (weight change model only).

cAnalyses excluded women from Florida, Pennsylvania, and Michigan because those states did not collect information on hormone receptor status.
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trend remained for weight change when those variables
were modeled simultaneously, suggests that weight gain
is an important risk factor for breast cancer. Because
weight gain during adulthood mainly reflects the depo-
sition of fat mass rather than lean body mass, weight gain
potentially represents age-related metabolic change that
may be important in breast cancer development.31 Find-
ings of no association in women who were consistently
overweight or obese during adulthood also suggest the
importance of weight gain, although the adverse effect
of overweight or obesity at ages 35 and 50 years and the
current age may have been offset by the baseline effect
of overweight or obesity at age 18 years.

The positive relations of adult weight gain and adi-
posity to postmenopausal breast cancer risk are biologi-
cally plausible because adipose tissue is a major source
of female hormones.3-5 Serum hormone levels are posi-
tively associated with BMI even for values exceeding
30.0,32 and the association between BMI and postmeno-
pausal breast cancer was found to be attenuated after ad-
justment for free estrogen.3 The present findings, being
consistent with other study results,6,7,33-35 of stronger as-
sociations with hormone receptor–positive tumors sup-
port an estrogen mechanism. Because current MHT use
increases circulating estrogen levels, use of MHT may ob-
scure any effect of adiposity on breast cancer; neither adi-
posity nor weight gain affected breast cancer risk in cur-
rent MHT users.

To our knowledge, this is the first study to present a
significant interaction between adult weight gain and age
at menarche in MHT nonusers, with stronger associa-
tions in women who had a later age at menarche. Al-
though the exact mechanisms remain unclear, this find-
ing suggests that the effect of weight gain is obscured in
women with early age at menarche, who have a greater
cumulative exposure to estrogen. The finding of a strong
inverse association with BMI at age 18 years in women
with late age at menarche also supports an estrogen
mechanism. Further studies on weight gain and breast
cancer risk according to age at menarche are warranted.

We found that obese women were more likely to pre-
sent with advanced-stage breast cancer at diagnosis. Ad-
verse outcome could reflect more rapid tumor growth be-
cause estrogen promotes cell proliferation in mammary
tissue.36 Alternatively, it could be due to less breast can-
cer detection in obese women. Because obesity is asso-
ciated with low socioeconomic status,37 women with low
socioeconomic status may be less likely to undergo mam-
mography or to seek medical advice.38 Supporting this,
associations of current BMI with breast cancer accord-
ing to tumor stage were suggestively more pronounced
in women without regular screening mammograms. Re-
sults are consistent with 3 previous case-control stud-
ies.39-41 One prospective study34 reported a stronger as-
sociation of adult weight gain with advanced breast cancer
but did not examine current BMI.

This study has several limitations. Because the cohort
comprised mainly white women, study findings may not
apply to all women. Because anthropometry was assessed
by self-report, results could be affected by imprecise mea-
surements. However, the correlations between measured
and self-reported weight and height (including recalled

weight across several decades) are typically high, ranging
from 0.80 to 0.95.42 Women tend to overreport their height
and underestimate their weight slightly, with a tendency
for heavier women to underestimate weight more than lean
women.43 Such misclassifications of weight and height
would tend to overstate risk estimates. Hormone recep-
tor status information was incomplete. However, such miss-
ingness was unrelated to the risk factor characteristics we
measured, which may have introduced bias into the study.
In addition, analyses including hormone receptor status
were based on relatively few cases.

Advantages of this study include its large size, pro-
spective design, and detailed anthropometry data with a
substantial range in BMI levels. This enabled us to ex-
amine breast cancer risk according to narrow BMI cat-
egories with great precision across a variety of poten-
tially important effect modifiers and to discern not only
an enhanced risk of overweight but also a substantially
elevated risk of obesity.

In summary, we found that weight gain throughout
adulthood was associated with increased breast cancer
risk. Relations with weight gain were not limited to spe-
cific periods in life. Overweight or obese women were
more likely to develop advanced-stage breast cancer,
which is associated with poor prognosis.44 These find-
ings may reinforce public health recommendations for
the maintenance of a healthy weight throughout adult-
hood as a means of breast cancer prevention.
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