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Body fatness at young ages may be related to breast cancer risk independently of adult adiposity. The authors
conducted a prospective analysis among 188,860 women (7,582 breast cancer cases) in the Nurses’ Health Study
(1988-2004) and Nurses’ Health Study Il (1989—2005) who recalled their body fatness at ages 5, 10, and 20 years
using a 9-level pictogram (level 1: most lean; level 9: most overweight). Body fatness at young ages was inversely
associated with risk of both premenopausal and postmenopausal breast cancer (per 1-unit increase in adolescent
body fatness, relative risk (RR) = 0.88 and RR = 0.91, respectively; Pyeng < 0.0001). Among all women, the RR for
adolescent body fatness of level 6.5 or higher versus level 1 was 0.57 (per 1-unit increase, RR = 0.90; Pyeng <
0.0001) and was unaffected by adjustment for current body mass index. The association was stronger for women
with birth weights under 8.5 pounds (<3.9 kg) than for women with birth weights of 8.5 pounds or more (>3.9 kg)
(per 1-unitincrease, RR = 0.89 and RR = 0.94, respectively; Pinteraction = 0.04) and stronger for estrogen receptor-
negative tumors than for estrogen receptor-positive tumors (per 1-unit increase, RR = 0.86 and RR = 0.92,
respectively; Pheterogeneity = 0.03). Body fatness at young ages has a strong and independent inverse relation to
breast cancer risk throughout life.

adiposity; adolescent; breast neoplasms; child; obesity

Abbreviations: BMI, body mass index; Cl, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor
receptor 2; IGF, insulin-like growth factor; NHS, Nurses’ Health Study; NHS I, Nurses’ Health Study II; PR, progesterone receptor;

RR, relative risk.

Overweight and obesity during adulthood are related to
breast cancer risk (1). In postmenopausal women, greater
body mass index (BMI; weight (kg)/height (m)z) and weight
gain are associated with increased risk (2—4), probably re-
sulting from higher estrogen levels in heavier women due to
the conversion of androgen to estrogen in excess adipose
tissue (5, 6). In contrast, greater BMI is associated with
decreased risk in premenopausal women (3, 4). Although
the mechanisms are not understood, premenopausal women
who are overweight or obese may experience more anovu-
latory cycles and have lower levels of ovarian hormones and
insulin-like growth factor (IGF)-I (7, 8), which could
explain their lower risk (9).

Recent evidence suggests that body fatness during earlier
periods of life, even before adulthood, may be inversely
related to breast cancer risk many years later (10-22).

Some studies have shown that greater body fatness during
childhood and adolescence is associated with lower breast
cancer risk in premenopausal women (11, 13, 18-22), in-
dependently of adult BMI. Moreover, several studies have
observed that greater body fatness in childhood is associated
with decreased risk in postmenopausal women (12, 13, 17,
20), despite the well-documented positive association for
adult BMI. These findings suggest that greater body fatness
at young ages may confer a long-term protective effect on
breast tissue that results in a permanent reduction in breast
cancer risk. This is consistent with animal data, epidemi-
ologic studies, and biomathematical models showing that
breast tissue is particularly susceptible to exposures between
menarche and first childbirth (23).

Breast cancer is the most commonly diagnosed cancer in
women, except for skin cancer (24), yet its causes are poorly
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Figure 1. Figure drawing used to assess body fatness at ages 5, 10, and 20 years in the Nurses’ Health Study (1988) and Nurses’ Health Study Il
(1989). (Reproduced from Stunkard et al. (26) with permission from Lippincott Williams & Wilkins, Philadelphia, Pennsylvania).

understood. Further investigation of the association between
body fatness at young ages and risk of breast cancer
throughout life could help clarify the biologic basis of this
disease. Most previous studies have focused only on pre-
menopausal or postmenopausal breast cancer and have had
limited power to examine very high body fatness at young
ages. In addition, few researchers (12, 25) have explored
whether the association varies according to other risk factors
or by tumor characteristics.

To address these issues, we conducted a prospective anal-
ysis of body fatness during childhood and adolescence and
risk of breast cancer among women in the Nurses’ Health
Study (NHS) and Nurses’ Health Study II (NHS II). This
analysis expanded on 2 previous studies in these cohorts
(11, 13) but included an additional 16 years of combined
follow-up and more than 3 times as many breast cancer
cases as either individual study.

MATERIALS AND METHODS
Study population

The NHS began in 1976, when 121,700 US female reg-
istered nurses aged 30-55 years completed a mailed ques-
tionnaire about their lifestyle factors and medical histories.
In 1989, NHS II was initiated, including 116,609 female
registered nurses aged 25-42 years. Follow-up question-
naires have been sent to participants in both studies every
2 years since enrollment to obtain updated information. The
follow-up rate for each 2-year cycle has been greater than
90% of the original cohorts.

Follow-up for this analysis began in 1988 for the NHS
and in 1989 for the NHS II, when body fatness at young
ages was assessed, and ended in 2004 and 2005, respec-
tively. We excluded women with a previous diagnosis of
cancer, other than nonmelanoma skin cancer, and those
who were missing information on body fatness at age 5,
10, or 20 years. There were 76,298 women in the NHS
(1,096,872 person-years) and 112,562 women in NHS II
(1,709,063 person-years) who contributed to the analysis
(n = 188,860). The major reason for exclusion was missing
information on body fatness at young ages (n = 32,935 in
the NHS, n = 2,992 in the NHS II). Participants who were
excluded were slightly older than those who were included

and were more likely to be postmenopausal, less likely to
have used oral contraceptives, less likely to have a family
history of breast cancer or a personal history of benign
breast disease, and less likely to be using postmenopausal
hormones.

This study was approved by the Committee on the Use of
Human Subjects in Research at Brigham and Women’s Hos-
pital and the Harvard School of Public Health (Boston,
Massachusetts). Completion of the self-administered ques-
tionnaire was considered to imply informed consent.

Assessment of body fatness

Participants were asked to recall their body fatness (also
called “‘somatotype’) at ages 5, 10, and 20 years using a 9-
level figure drawing, where level 1 represents the most lean
and level 9 represents the most overweight (Figure 1) (26).
We averaged each participant’s reported somatotypes at
ages 5 and 10 years and ages 10 and 20 years to obtain
estimates of childhood and adolescent body fatness, respec-
tively. Body fatness at ages 30 and 40 years also was as-
sessed using the same figure drawing. In a validation study
among participants in the Third Harvard Growth Study,
Pearson correlations between recalled body fatness using
this pictogram and measured BMI at approximately the
same ages were 0.60 for age 5 years, 0.65 for age 10 years,
and 0.66 for age 20 years (27). Other breast cancer risk
factors were assessed on various questionnaires during the
course of the study.

Ascertainment of breast cancer cases

Cases of breast cancer diagnosed between return of the
1988 questionnaire and May 31, 2004, in the NHS and
between return of the 1989 questionnaire and May 31,
2005, in NHS II, were identified on the biennial question-
naires, and the National Death Index was searched for non-
responders (28). Investigators reviewed participants’
medical records and pathology reports to confirm the diag-
noses and to abstract information on tumor characteristics,
including estrogen receptor (ER) and progesterone receptor
(PR) status and human epidermal growth factor receptor 2
(HER2) expression. A total of 7,582 cases (4,951 in the
NHS and 2,631 in NHS II) were documented.
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Table 1. Age and Age-Standardized Characteristics of 76,298 Participants in the Nurses’ Health Study (1988) and
112,562 Participants in Nurses’ Health Study Il (1989), According to Self-Reported Body Fatness at Age 10 Years

Body Fatness at Age 10 Years?®

Characteristic

1 2 3 4 5 26
Nurses’ Health Study
No. of participants 24,134 20,002 13,423 9,774 6,429 2,536
Mean age, years 55.7 54.7 54.4 53.8 53.6 53.3
Birth weight >8.5 pounds (>3.9 kg), % 71 8.6 11.0 125 13.3 16.6
Mean BMIP at age 18 years 19.8 20.8 22.0 23.0 23.9 254
Mean current BMI 245 25.0 26.1 271 27.5 28.2
Mean height, inches® 64.5 64.5 64.4 64.4 64.5 64.8
Mean age at menarche, years 12.8 12.6 12.4 12.3 12.2 12.2
Irregular menstrual cycles at ages 241 20.8 21.3 21.7 23.5 24.7
18-22 years, %
Ever use of oral contraceptives, % 48.4 48.3 47.6 48.1 48.2 47.9
Parous, % 92.5 93.1 93.5 93.2 92.3 90.9
Mean parity, no. of children® 3.2 3.2 3.2 3.2 3.1 3.0
Mean age at first birth, years® 25.2 25.1 25.1 25.1 25.2 25.2
Premenopausal, % 26.7 27.5 27.4 28.0 271 27.4
Postmenopausal, % 73.2 72.4 72.5 71.9 72.7 72.5
Mean age at menopause, years® 48.6 48.7 48.8 48.8 48.8 48.6
Current postmenopausal hormone use, %° 32.7 32.6 31.4 30.9 29.8 28.3
Family history of breast cancer, % 11.0 11.0 10.4 11.0 10.4 10.8
History of benign breast disease, % 39.8 38.5 36.6 35.1 34.2 33.6
Mean alcohol intake, g/day 6.2 6.3 6.2 6.2 6.3 5.9
Nurses’ Health Study I
No. of participants 21,275 34,387 25,333 17,813 10,246 3,508
Mean age, years 34.7 34.1 34.2 34.4 34.7 34.9
Birth weight >8.5 pounds (>3.9 kg), % 8.3 9.3 11.6 12.9 13.4 14.6
Mean BMIP at age 18 years 19.3 20.2 21.6 22.9 23.9 25.6
Mean current BMI 22.0 22.8 245 26.1 26.9 27.9
Mean height, inches® 64.9 64.9 64.8 64.8 65.0 65.2
Mean age at menarche, years 12.8 12.6 12.3 12.1 12.0 12.0
Irregular menstrual cycles ages 23.6 22.6 22.5 24.0 25.1 26.5
18-22 years, %

Ever use of oral contraceptives, % 85.0 83.7 82.6 82.6 81.8 81.1
Parous, % 69.9 70.9 70.9 68.5 65.5 61.6
Mean parity, no. of children® 2.1 2.1 2.1 2.1 2.0 2.0
Mean age at first birth, years® 25.3 25.5 25.5 25.5 25.4 25.4
Premenopausal, % 96.7 97.4 97.3 96.9 96.7 96.0
Postmenopausal, % 2.7 2.2 21 24 2.5 3.2
Family history of breast cancer, % 5.9 6.0 5.7 5.9 6.3 6.4
History of benign breast disease, % 30.2 28.6 28.0 27.8 27.7 29.2
Mean alcohol intake, g/day 3.2 3.1 3.1 3.1 3.1 2.9

Abbreviation: BMI, body mass index.

2 Participants were asked to recall their body fatness at ages 5, 10, and 20 years using a 9-level figure drawing,
where level 1 represents the most lean and level 9 represents the most overweight (Figure 1) (26).

P Weight (kg)/height (m)2.

°1inch = 2.54 cm.

4 Among parous women only.

¢ Among postmenopausal women only.
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Table 2. Relative Risk of Breast Cancer According to Self-Reported Body Fatness at Young Ages and Menopausal Status Among 188,860 Participants in the Nurses’ Health Study (1988—
2004) and Nurses’ Health Study Il (1989-2005)%

‘leidiseg 98L1

Premenopausal Women (2,188 Cases) Postmenopausal Women (4,974 Cases)
Body Fatness® No.of  Age-Adiusted MV-Adiusted gy, an dlusted g oy No.of  Age-Adjusted MV-Adjusted  geo o mR pdlusted o Gl
ases RR RR BMI¢ Cases RR RR BMI¢
At age 5 years
1 614 1.0 1.0 1.0 2,218 1.0 1.0 1.0
2 713 0.98 0.98 0.87,1.09 0.98 0.88,1.09 1,210 0.99 0.98 0.91,1.05 0.98 0.91, 1.05
3 481 0.87 0.87 0.77, 0.98 0.89 0.79, 1.00 773 0.84 0.84 0.77, 0.91 0.83 0.76, 0.90
4 277 0.91 0.91 0.79, 1.05 0.95 0.82,1.10 455 0.79 0.79 0.72, 0.88 0.77 0.70, 0.85
5 79 0.61 0.60 0.47,0.76 0.63 0.50, 0.80 244 0.80 0.81 0.71, 0.93 0.79 0.69, 0.90
>6 24 0.61 0.59 0.38, 0.89 0.63 0.41, 0.96 74 0.76 0.77 0.61, 0.97 0.74 0.58, 0.93
Per 1-unit increase 0.93 0.92 0.89, 0.96 0.94 0.90, 0.97 0.93 0.94 0.92, 0.96 0.93 0.91, 0.95
Pirend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Pinteraction = 0.56°
At age 10 years
1 476 1.0 1.0 1.0 1,720 1.0 1.0 1.0
2 716 0.99 1.00 0.89, 1.12 1.01 0.90, 1.13 1,443 1.01 1.02 0.95, 1.09 1.01 0.94, 1.08
3 481 0.89 0.90 0.80, 1.03 0.93 0.82, 1.06 813 0.84 0.86 0.79, 0.93 0.83 0.77, 0.91
4 324 0.84 0.85 0.74, 0.98 0.89 0.77,1.03 546 0.79 0.80 0.73, 0.88 0.77 0.69, 0.85
5 144 0.64 0.64 0.53, 0.77 0.68 0.56, 0.82 325 0.73 0.74 0.66, 0.84 0.71 0.63, 0.80
>6 47 0.60 0.59 0.43, 0.80 0.63 0.46, 0.86 127 0.73 0.75 0.62, 0.90 0.70 0.58, 0.84
Per 1-unit increase 0.91 0.91 0.88, 0.94 0.92 0.89, 0.95 0.92 0.93 0.91, 0.95 0.92 0.90, 0.94
Pirend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Pinteraction = 0.31°
At age 20 years
1 139 1.0 1.0 1.0 650 1.0 1.0 1.0
2 663 0.93 0.94 0.78, 1.13 0.95 0.79,1.14 1,611 0.99 0.99 0.90, 1.08 0.98 0.90, 1.08
3 810 0.82 0.83 0.69, 1.00 0.86 0.71,1.08 1,625 0.90 0.91 0.83, 0.99 0.88 0.80, 0.96
4 409 0.75 0.76 0.63, 0.93 0.80 0.66, 0.98 744 0.79 0.80 0.72, 0.89 0.76 0.68, 0.84
5 124 0.65 0.65 0.51, 0.83 0.70 0.54, 0.90 253 0.74 0.75 0.65, 0.87 0.69 0.59, 0.80
>6 43 0.55 0.53 0.38, 0.75 0.60 0.42, 0.86 91 0.70 0.72 0.57, 0.89 0.64 0.51, 0.79
Per 1-unit increase 0.90 0.89 0.86, 0.93 0.91 0.87,0.95 0.92 0.93 0.90, 0.95 0.91 0.88, 0.93
Pirend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Pinteraction =0.23°
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Average during

childhood

(ages 5-10

years)
1 451 1.0 1.0 1.0 1,655 1.0 1.0 1.0
1.5-2 710 0.97 0.97 0.86, 1.09 0.98 0.87,1.10 1,498 1.01 1.02 0.95, 1.09 1.01 0.94, 1.08
2.5-3 522 0.85 0.86 0.76, 0.98 0.88 0.78, 1.01 858 0.82 0.83 0.76, 0.90 0.81 0.74, 0.88
3.5-4 347 0.83 0.83 0.72, 0.96 0.87 0.76, 1.01 559 0.78 0.79 0.71, 0.87 0.76 0.69, 0.83
4.5-5 125 0.66 0.65 0.53, 0.79 0.70 0.57,0.85 299 0.75 0.76 0.67, 0.86 0.73 0.64, 0.82
>5.5 33 0.55 0.53 0.37,0.76 0.58 0.40, 0.83 105 0.74 0.76 0.62, 0.93 0.71 0.58, 0.87
Per 1-unit increase 0.91 0.91 0.87,0.94 0.92 0.89, 0.96 0.92 0.93 0.90, 0.95 0.91 0.89, 0.94

Pirend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Pinteraction =0.36°
Average during

adolescence

(ages 1020

years)
1 108 1.0 1.0 1.0 587 1.0 1.0 1.0
1.5-2 649 0.98 0.99 0.80, 1.21 1.00 0.81,1.22 1,687 1.00 1.00 0.91, 1.10 0.99 0.90, 1.09
2.5-3 759 0.88 0.90 0.73,1.10 0.92 0.75,1.13 1,481 0.93 0.95 0.86, 1.04 0.92 0.83, 1.01
3.5-3 489 0.84 0.85 0.69, 1.05 0.89 0.72,1.10 776 0.79 0.81 0.72, 0.90 0.76 0.68, 0.85
4.5-5 142 0.58 0.58 0.45, 0.74 0.62 0.48, 0.80 348 0.75 0.76 0.66, 0.87 0.70 0.61, 0.81
>5.5 41 0.55 0.54 0.37,0.78 0.59 0.41, 0.86 95 0.65 0.66 0.53, 0.83 0.60 0.48, 0.74
Per 1-unit increase 0.88 0.88 0.84, 0.91 0.90 0.86, 0.93 0.91 0.91 0.89, 0.93 0.89 0.87,0.92

Pirend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Pinteraction =0.16°

Abbreviations: BMI, body mass index; Cl, confidence interval; MV, multivariate; RR, relative risk.

2 Women who were missing data on menopausal status were excluded from this analysis.

b Participants were asked to recall their body fatness at ages 5, 10, and 20 years using a 9-level figure drawing, where level 1 represents the most lean and level 9 represents the most
overweight (Figure 1) (26).

¢ Multivariate RRs for premenopausal women were adjusted for age, time period, parity/age at first birth, family history of breast cancer, personal history of benign breast disease, height,
alcohol intake, oral contraceptive use, and birth weight. Multivariate RRs for postmenopausal women were adjusted for the same factors plus age at menopause and postmenopausal hormone
use.

9 Multivariate RRs were adjusted for the factors listed above, plus current BMI (weight (kg)/height (m)?) as a continuous variable.

¢ Tests for interaction compared trends for body fatness from multivariate models without adjustment for current BMI.
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Table 3. Relative Risk of Breast Cancer According to Self-Reported Body Fatness at Young Ages Among 188,860 Participants in the Nurses’

Health Study (1988-2004) and Nurses’ Health Study Il (1989-2005)

Body Fatness® :‘:':'s:; P':::::l- Age";ﬂ;"s‘ed MV""\ng%Sted 95% Cl Mv_sglisted 95% CI “I:i“FI!-IidlBul\;ltZ(tid 95% CI
Years Current BMI® Age 18 Years
At age 5 years
1 2,959 879,954 1.0 1.0 1.0 1.0
2 2,061 792,863 1.00 0.98 0.93, 1.04 0.98 0.93, 1.04 1.00 0.94, 1.06
3 1,338 594,737 0.85 0.85 0.80, 0.91 0.85 0.79, 0.90 0.89 0.83, 0.95
4 775 335,909 0.83 0.83 0.77, 0.90 0.82 0.76, 0.89 0.89 0.82, 0.96
5 344 154,075 0.75 0.75 0.67, 0.84 0.74 0.66, 0.83 0.82 0.73, 0.92
6 83 39,752 0.70 0.70 0.56, 0.87 0.69 0.56, 0.86 0.79 0.63, 0.98
>7 22 8,645 0.82 0.81 0.53,1.23 0.79 0.52, 1.21 0.93 0.61, 1.41
Per 1-unit increase 0.93 0.93 0.92, 0.95 0.93 0.91, 0.95 0.95 0.94, 0.97
Pirend <0.0001 <0.0001 <0.0001 <0.0001
At age 10 years
1 2,292 667,307 1.0 1.0 1.0 1.0
2 2,304 810,187 1.02 1.02 0.96, 1.08 1.02 0.96, 1.08 1.04 0.98, 1.10
3 1,376 578,964 0.87 0.88 0.82, 0.94 0.87 0.81, 0.93 0.92 0.85, 0.98
4 923 412,314 0.81 0.82 0.76, 0.88 0.80 0.74, 0.87 0.87 0.80, 0.94
5 498 247,605 0.70 0.71 0.64,0.78 0.69 0.62, 0.76 0.76 0.69, 0.84
6 160 74,291 0.73 0.73 0.62, 0.86 0.71 0.61, 0.84 0.81 0.69, 0.96
>7 29 15,268 0.63 0.63 0.44, 0.91 0.61 0.42, 0.88 0.72 0.50, 1.04
Per 1-unit increase 0.92 0.92 0.91, 0.94 0.92 0.90, 0.93 0.94 0.92, 0.96
Pirend <0.0001 <0.0001 <0.0001 <0.0001
At age 20 years
1 816 205,324 1.0 1.0 1.0
2 2,390 770,336 0.98 0.98 0.90, 1.06 0.98 0.90, 1.06
3 2,585 1,009,016 0.88 0.89 0.83, 0.97 0.88 0.81, 0.96
4 1,239 542,624 0.80 0.81 0.74, 0.89 0.79 0.72, 0.86
5 408 196,208 0.73 0.73 0.65, 0.83 0.70 0.62, 0.79
6 119 62,436 0.68 0.68 0.56, 0.83 0.65 0.53, 0.79
>7 25 19,991 0.52 0.52 0.35,0.78 0.48 0.32,0.72
Per 1-unit increase 0.92 0.92 0.90, 0.94 0.91 0.89, 0.93
Pirend <0.0001 <0.0001 <0.0001

Statistical analysis

Participants contributed person-time from the return date
of the 1988 (NHS) or 1989 (NHS II) questionnaire until the
date of breast cancer diagnosis, a report of another cancer
(except nonmelanoma skin cancer), death, loss to follow-up,
or May 31, 2004 (NHS) or May 31, 2005 (NHS II), which-
ever occurred sooner. Cox proportional hazards models with
joint stratification on age (in months) and 2-year question-
naire cycle were used to calculate relative risks and 95%
confidence intervals for categories of body fatness, adjusting
for breast cancer risk factors. Although the original picto-
gram included 9 levels, we collapsed several of the highest
categories because of small numbers of cases, which would
have decreased the precision of the estimates; this was done
prior to estimation of the relative risks. We performed tests

Table continues

for trend by including body fatness in the models as a con-
tinuous variable with values ranging from 1 to 9, and we
also computed relative risks and 95% confidence intervals
for 1-unit increases in body fatness at each age.

Risk factors assessed more than once during follow-up were
treated as time-varying covariates. Because age at menarche
and adult BMI could be intermediate variables on the causal
pathway, we controlled for them only in secondary analyses.
Similarly, BMI at age 18 years was included as a covariate in
secondary analyses of body fatness at ages 5 and 10 years, but
not at age 20 years or the average of ages 10 and 20 years.
Participants classified their pattern of menstrual cycles be-
tween ages 18 and 22 years as regular (within 8 days), usually
irregular, always irregular, or no periods; we also included
this variable in secondary analyses to explore the potential
role of anovulation.

Am J Epidemiol 2010;171:1183-1194
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Table 3. Continued

Body Fatness® oo of Peraon- Age-Adiusted  MV-Adiusted 959, i e el '\Flilx-ﬁdll?;ul\:ltea?d 95% Cl
Years Current BMI® Age 18 Years'
Average during
childhood (ages
5-10 years)
1 2,193 630,338 1.0 1.0 1.0 1.0
1.5-2 2,356 820,617 1.01 1.01 0.95, 1.07 1.01 0.95, 1.07 1.03 0.97,1.10
2.5-3 1,475 638,865 0.84 0.85 0.79, 0.91 0.84 0.79, 0.90 0.89 0.83, 0.95
3.5-4 959 433,852 0.80 0.80 0.74, 0.87 0.79 0.73, 0.86 0.86 0.79, 0.93
4.5-5 450 212,978 0.72 0.72 0.65, 0.80 0.71 0.64, 0.79 0.79 0.71,0.88
5.5-6 123 57,476 0.70 0.71 0.59, 0.85 0.69 0.58, 0.83 0.79 0.66, 0.96
>6.5 26 11,810 0.71 0.70 0.48, 1.03 0.68 0.46, 1.00 0.81 0.55,1.20
Per 1-unit increase 0.92 0.92 0.90, 0.94 0.92 0.90, 0.93 0.94 0.92, 0.96
Prrend <0.0001 <0.0001 <0.0001 <0.0001
Average during
adolescence
(ages 10—20
years)
1 720 177,507 1.0 1.0 1.0
1.5-2 2,454 777,451 0.99 0.99 0.91, 1.08 0.99 0.91, 1.08
2.5-3 2,383 911,516 0.92 0.93 0.86, 1.02 0.92 0.85, 1.00
3.5-4 1,355 595,126 0.82 0.83 0.76, 0.91 0.81 0.74, 0.89
4.5-5 520 263,320 0.69 0.69 0.62,0.78 0.67 0.59, 0.75
5.5-6 128 66,774 0.65 0.66 0.55, 0.80 0.62 0.51,0.75
>6.5 22 14,243 0.57 0.57 0.37, 0.87 0.53 0.35, 0.81
Per 1-unit increase 0.90 0.90 0.89, 0.92 0.89 0.87, 0.91
Prrend <0.0001 <0.0001 <0.0001

Abbreviations: BMI, body mass index; Cl, confidence interval; MV, multivariate; RR, relative risk.
2 Participants were asked to recall their body fatness at ages 5, 10, and 20 years using a 9-level figure drawing, where level 1 represents the

most lean and level 9 represents the most overweight (Figure 1) (26).

b Multivariate RRs were adjusted for age, time period, parity/age at first birth, family history of breast cancer, personal history of benign breast
disease, height, alcohol intake, oral contraceptive use, birth weight, menopausal status, age at menopause, and postmenopausal hormone use.

° Multivariate RRs were adjusted for the factors listed above, plus current BMI (weight (kg)/height (m)?) as a continuous variable.

9 Multivariate RRs were adjusted for the factors listed above, plus BMI at age 18 years as a continuous variable.

We initially conducted analyses separately within each
cohort and then evaluated heterogeneity in the estimates
for body fatness at each age by cohort (29). To assess
whether the association between body fatness at young ages
and breast cancer risk varied by menopausal status and other
characteristics, we stratified the data by these factors and
tested interaction terms between body fatness (continuous)
and each potential modifier in multivariate models using the
Wald test.

We used competing-risks survival analysis (30, 31) to
compare the associations of body fatness at young ages with
different types of tumors. This approach uses data augmen-
tation (32) to create a separate observation for each subject
for each type of outcome and then stratifies the data on event
type, allowing for estimation of separate associations of
each risk factor with the relative hazard of each type of
outcome (31). We used likelihood ratio tests to compare
models that assumed different associations between body
fatness and each type of tumor with models that assumed
the same association. In these tests for heterogeneity, body
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fatness was modeled as a continuous variable, with values
ranging from 1 to 9. All statistical tests were 2-sided.

RESULTS

The mean ages at the beginning of follow-up were 54.7
years and 34.3 years for NHS and NHS II participants, re-
spectively. In the NHS, participants who were heavy at age
10 years were slightly younger than those who were lean
(Table 1). They also had greater BMI at age 18 years and at
the beginning of follow-up, were younger at menarche, were
more likely to have weighed 8.5 pounds or more (>3.9 kg)
at birth, and were less likely to have a history of benign
breast disease. Participants in both the highest and lowest
body fatness categories were more likely to have had irreg-
ular menstrual cycles between ages 18 and 22 years. These
associations were generally similar in the NHS II.

Body fatness at ages 5, 10, and 20 years and average body
fatness during childhood (ages 5-10 years) and adolescence
(ages 10-20 years) were both significantly inversely
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Table 4. Multivariate-Adjusted Relative Risk® of Breast Cancer According to Self-Reported Average Adolescent Body Fatness and Other
Characteristics Among Participants in the Nurses’ Health Study (1988-2004) and Nurses’ Health Study Il (1989-2005)

RR by Average Adolescent Body Fatness® (Ages 10-20 Years)

Characteristic No. of Cases 1 24.5 Per 1-Unit Increase Phrend
(Referenty 152 2578 354 G RR  95%Cl
Birth weight, pounds (kg)
<8.5 (<3.9) 4,992 1.0 0.97 0.91 0.80 0.64 0.56,0.73 0.89 0.87,0.92 <0.0001
>8.5(>3.9) 809 1.0 1.13 1.07 096 090 0.64,127 094 0.89,1.00 0.05

Pinteraction = 0.04
Height, inches (cm)

<63 (<161) 2,263 1.0 122 108 097 089 0.73,1.09 093 0.89,096 <0.0001
64-65 (162—166) 2,346 1.0 089 085 073 065 054,079 090 0.86,0.93 <0.0001
>66 (>167) 2,969 1.0 0.92  0.91 0.81 058 049,069 089 0.87,092 <0.0001

Pinteraction =0.20
Current body mass index®
Premenopausal women

<22 649 1.0 098 086 08 063 037,107 090 0.83,0.98 0.02
22-24.9 643 1.0 0.88 083 0.74 055 034,087 0.88 0.82,0.96 0.002
>25 895 1.0 120 114 111 073 043,122 0.88 0.83,094 <0.0001

Pinteraction =0.38
Postmenopausal women

<22 889 1.0 093 094 081 053 0.36,0.77 090 0.84,0.96 0.002
22-24.9 1,339 1.0 1.05 091 079 074 057,097 090 0.85,0.95 <0.0001
25-29.9 1,668 1.0 1.02 099 077 073 058,091 091 087,094 <0.0001
>30 1,076 1.0 086 076 0.65 0.61 046,080 0.88 0.83,0.92 <0.0001

Pinteraction =0.55
Family history of breast cancer

No family history 6,214 1.0 098 090 081 068 060,076 090 0.88,092 <0.0001
Family history 1,368 1.0 1.09 109 096 071 054,092 091 0.87,0.96 0.0003
Pinteraction =0.29
Parity
Nulliparous 890 1.0 0.96 1.01 0.97 0.62 046,085 091 0.86,0.96 0.001
Parous 6,479 1.0 100 092 082 071 0.63,080 091 0.89,093 <0.0001

Pinteraction = 0.83
Age at menarche, years
<13 3,902 1.0 1.07 095 088 074 0.63,0.86 0.90 0.88,093 <0.0001
>13 3,631 1.0 093 093 0.77 060 051,071 090 0.87,0.92 <0.0001
Pinteraction =0.50

Menstrual cycle pattern at
ages 18-22 years

Regular 5,775 1.0 1.01 094 084 0.70 062,079 091 0.89,0.93 <0.0001
Irregular 1,704 1.0 0.94 0.91 0.79 0.62 0.50,0.77 0.89 0.85,0.93 <0.0001
Pinteraction = 0.41

Postmenopausal hormone
use (postmenopausal

women only)
Never use 1,247 1.0 095 089 086 089 0.71,1.12 097 0.92,1.01 0.15
Past use 960 1.0 098 1.05 075 067 050,089 089 0.84,6095 <0.0001
Current use 2,454 1.0 106 095 086 071 059,086 0.90 0.87,093 <0.0001

Pinteraction = 0.05

Abbreviations: Cl, confidence interval; RR, relative risk.

& Multivariate RRs were adjusted for age, time period, parity/age at first birth, family history of breast cancer, personal history of benign breast
disease, height, alcohol intake, oral contraceptive use, birth weight, menopausal status, age at menopause, and postmenopausal hormone use;
models stratifying on an individual factor included all variables except that factor.

® Participants were asked to recall their body fatness at ages 5, 10, and 20 years using a 9-level figure drawing, where level 1 represents the
most lean and level 9 represents the most overweight (Figure 1) (26).

© Weight (kg)/height (m)2.
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Table 5. Multivariate-Adjusted Relative Risk® of Breast Cancer of Different Tumor Subtypes According to Self-Reported Average Adolescent
Body Fatness Among Participants in the Nurses’ Health Study (1988—2004) and Nurses’ Health Study Il (1989-2005)

RR by Average Adolescent Body Fatness® (Ages 10-20 Years)

Tumor Subtype g:-sg; 1 152 053 3.5-4 24.5 Per 1-Unit Increase Pirend
(Referent) ' ' ’ RR 95% Cl RR 95% Cl
Invasive 6,176 1.0 0.98 0.94 0.81 0.69 0.61,0.77 0.90 0.88, 0.92 <0.0001
In situ 1,406 1.0 1.04 0.92 0.93 0.66 0.51, 0.85 0.91 0.87,0.95 <0.0001
Pheterogeneity = 0.82
ER+/PR+ 3,191 1.0 0.92 0.91 0.79 0.72 0.61, 0.84 0.92 0.89, 0.95 <0.0001
ER—/PR— 880 1.0 1.09 0.93 0.85 0.56 0.40, 0.79 0.85 0.80, 0.90 <0.0001
ER+/PR— 696 1.0 1.02 0.90 0.80 0.72 0.51, 1.01 0.90 0.85, 0.96 0.002
Pheterogeneity = 0.08
All ER+ 4,031 1.0 0.93 0.91 0.78 0.72 0.63, 0.83 0.92 0.89, 0.94 <0.0001
All ER— 1,077 1.0 1.09 0.94 0.87 0.56 0.42,0.76 0.86 0.81, 0.91 <0.0001
Pheterogeneity = 0.03
Ductal 4,671 1.0 0.96 0.91 0.79 0.69 0.60, 0.79 0.91 0.88, 0.93 <0.0001
Lobular 615 1.0 1.16 1.13 0.76 0.75 0.51, 1.10 0.88 0.82, 0.95 0.001
Pheterogeneity = 0.46
HER2+° 391 1.0 0.90 0.74 0.63 0.57 0.35, 0.90 0.85 0.77,0.93 0.0004
HER2-° 1,517 1.0 1.01 0.98 0.85 0.82 0.65, 1.04 0.93 0.89, 0.97 0.002

Pheterogeneity =0.07

Abbreviations: Cl, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; RR,

relative risk.

& Multivariate RRs were adjusted for age, time period, parity/age at first birth, family history of breast cancer, personal history of benign breast
disease, height, alcohol intake, oral contraceptive use, birth weight, menopausal status, age at menopause, and postmenopausal hormone use.
® Participants were asked to recall their body fatness at ages 5, 10, and 20 years using a 9-level figure drawing, where level 1 represents the

most lean and level 9 represents the most overweight (Figure 1) (26).

¢ Analyses for HER2+ and HER2— tumors were from 1998-2004 in the Nurses’ Health Study and from 1999-2005 in Nurses’ Health Study II,
because HER2 status was not evaluated before the 1998 and 1999 follow-up cycles, respectively.

associated with breast cancer risk in the NHS, with the
greatest decrease in risk being observed for adolescent body
fatness (for level 5.5 or higher vs. level 1, multivariate rel-
ative risk (RR) = 0.69, 95% confidence interval (CI): 0.55,
0.86; Pyreng < 0.0001). The associations were slightly stron-
ger in NHS II (RR = 0.57, 95% CI: 0.41, 0.78; Pyena <
0.0001). Because there were no significant differences be-
tween the 2 cohorts (all Ppegerogeneity Values > 0.11), the data
were combined for all subsequent analyses.

In the pooled analyses, body fatness at each age was
significantly inversely associated with risk of both premen-
opausal and postmenopausal breast cancer (Table 2). The
multivariate relative risks for adolescent body fatness of
level 5.5 or higher (vs. level 1) were 0.54 (95% CI: 0.37,
0.78; Pena < 0.0001) for premenopausal breast cancer and
0.66 (95% CI: 0.53, 0.83; Pyeng < 0.0001) for postmeno-
pausal breast cancer (per 1-unit increase, RR = 0.88 and RR
= 0.91, respectively); there were no significant interactions
with menopausal status. The associations for premenopausal
breast cancer were slightly attenuated after adjustment for
current BMI, whereas the associations for postmenopausal
breast cancer became stronger. Adjustment for age at men-
arche and menstrual cycle patterns between ages 18 and 22
years did not affect the observed associations (data not
shown). The multivariate relative risks for body fatness of
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level 6 or higher (vs. level 1) at age 30 years were 0.49 (95%
CI: 0.33, 0.74; Pyena < 0.0001) and 0.79 (95% CI: 0.64,
0.98; Pyena = 0.002) for premenopausal and postmeno-
pausal breast cancer, respectively; after adjustment for ad-
olescent body fatness, however, the association for
premenopausal breast cancer was substantially attenuated
(RR = 0.67, 95% CI: 0.43, 1.03; Pyeng = 0.04) and the
direction of the association for postmenopausal breast can-
cer was reversed (RR = 1.18, 95% CI: 0.93, 1.50; Pyeng =
0.01). Body fatness at age 40 years was not associated with
risk in either group (data not shown).

The same inverse associations for body fatness at young
ages were observed in analyses combining all women, re-
gardless of menopausal status, and the larger number of
cases allowed examination of higher levels of body fatness
(Table 3). Breast cancer risk continued to decline with in-
creasing body fatness; for adolescent body fatness, the mul-
tivariate relative risk was 0.66 (95% CI: 0.55, 0.80) for
levels 5.5-6 and 0.57 (95% CI: 0.37, 0.87) for level 6.5 or
higher (per 1-unit increase, RR = 0.90; Pyeng < 0.0001).
Adjustment for current BMI had little impact on the asso-
ciations, although the associations for body fatness at ages 5
and 10 years individually and average body fatness in child-
hood were somewhat attenuated when adjusted for BMI at
age 18 years. Body fatness at age 30 years also was inversely
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associated with breast cancer risk, although this was no
longer apparent after adjustment for adolescent body fatness
(RR = 1.07, 95% CI: 0.81, 1.42; Pyeng = 0.39).

The inverse association for adolescent body fatness was
stronger for women who weighed less than 8.5 pounds
(<3.9 kg) at birth than for those who weighed 8.5 pounds or
more (>3.9 kg) (per 1-unit increase, RR = 0.89 and RR =
0.94, respectively; Pinteraction = 0.04) (Table 4). The inverse
association for adolescent body fatness also was stronger for
past and current postmenopausal hormone users (per 1-unit
increase, RR = 0.89 and RR = 0.90, respectively) than for
never users (per 1-unitincrease, RR = 0.97; P;,eraction = 0.05).
There was no significant variation according to any of the other
factors that were examined, including current BMI.

The inverse association for adolescent body fatness was
stronger for ER-negative (ER—) than for ER-positive (ER+)
tumors (per l-unit increase, RR = 0.86 and RR = 0.92,
respectively; Phegerogeneity = 0.03) (Table 5). These estimates
were not affected by adjustment for menstrual cycle patterns
between ages 18 and 22 years (data not shown). In contrast,
PR status was not an important factor (Ppeerogeneity = 0.15).
The association appeared stronger for tumors that overex-
pressed HER2 compared with those that did not, although
this difference was not statistically significant (per 1-
unit increase, RR = 0.85 and RR = 0.93, respectively;
Pheterogeneity = 0.07). The associations did not differ on the
basis of invasiveness or ductal/lobular origin of the tumors.

DISCUSSION

In this large prospective study, greater body fatness at
young ages, particularly during adolescence, was associated
with a substantial decrease in breast cancer risk. The inverse
association was fairly linear, with no apparent threshold.
Similar associations were observed for premenopausal and
postmenopausal breast cancer, and both were independent
of current BMI. The associations were stronger for women
who weighed less than 8.5 pounds at birth and for past and
current postmenopausal hormone users but did not vary sig-
nificantly by other factors. Inverse associations were ob-
served for all tumor subtypes, although they appeared
stronger for ER— tumors than for ER+ tumors and possibly
stronger for HER2-positive (HER2+-) tumors than for
HER2-negative (HER2—) tumors.

Our findings confirm those from previous studies that
have shown inverse associations between body fatness at
young ages and risk of premenopausal breast cancer (11,
33). Results for postmenopausal breast cancer are not as
well-documented but are consistent with several prior stud-
ies (13, 33). When we adjusted for current BMI, the inverse
associations for postmenopausal breast cancer became
stronger and more similar to those for premenopausal breast
cancer, providing further evidence that greater body fatness
at young ages may confer a lasting protective effect.

The mechanisms by which greater body fatness during
childhood and adolescence may reduce breast cancer risk
are not understood. Girls who are overweight at young ages
may experience slower pubertal growth and sexual matura-
tion (13), despite having earlier menarche; rapid adolescent
growth has been associated with increased breast cancer risk

(13, 23). Obesity in preadolescent and adolescent girls also is
associated with higher levels of insulin (34) and androgens
(35, 36), greater frequency of anovulatory cycles (35), and
reduced fertility later in life (37). In previous analyses in the
NHS and NHS 11, higher BMI at age 18 years was associated
with increased risk of irregular and long menstrual cycles
between ages 18 and 22 years and increased risk of ovulatory
infertility (38). However, a recent study in NHS II found that
these factors were unlikely to explain the relation between
BMI in early adulthood and premenopausal breast cancer
(19). Similarly, in the present study, the associations of body
fatness with risk of all breast cancers and with risk of ER+
and ER— tumors separately were unchanged after adjustment
for menstrual cycle patterns between ages 18 and 22 years,
suggesting that other factors may be involved.

Girls who are heavier at young ages might experience
earlier differentiation of breast tissue due to higher levels of
estrogens and other sex hormones (36, 39), and terminally
differentiated cells are less susceptible to malignant trans-
formation (40). Experiments in rats have shown that pre-
pubertal or pubertal administration of sex hormones leads
to differentiation of cells of the mammary gland and a
reduction in the incidence of mammary tumors (41, 42).
However, a longitudinal study in girls showed no differ-
ences in estrogen or progesterone concentrations according
to BMI between ages 8 and 10 years (36), and body fatness
at ages 5 and 10 years was not associated with levels of sex
hormones among premenopausal women in the NHS (8).
Body fatness during childhood and adolescence could act
through other hormonal pathways, such as IGF-I/IGF
binding protein 3 (7, 43), although this merits further
exploration.

Few studies have had sufficient power to examine
whether the inverse association for body fatness at young
ages is modified by other factors. In 1 study, women with
above-average weight at age 12 years who were relatives of
breast cancer cases were at increased risk of breast cancer,
whereas the association was inverse among women not re-
lated to the cases (25). In contrast, a prospective analysis of
postmenopausal breast cancer among participants in the Iowa
Women'’s Health Study found no interaction between relative
weight at age 12 years and family history (12), similarly to our
study.

Our findings suggest that the inverse association for ado-
lescent body fatness may be restricted to women who
weighed less than 8.5 pounds at birth. To our knowledge,
this is the first study to have documented such an interaction.
Birth weight has been positively associated with risk of
breast cancer, especially premenopausal breast cancer, in
multiple studies (44). Greater birth weight also has been
linked to elevated levels of IGF-I and decreased levels of
IGF binding protein 3 in premenopausal women (7). Women
with greater birth weight may be at higher breast cancer risk
due to permanent reprogramming of the growth hormone/
IGF axis (45) or genetic variation in the IGF pathway (46).
As a result, greater body fatness at later ages may no longer
be protective among these women.

The observed interaction between adolescent body fat-
ness and postmenopausal hormone use, with a stronger in-
verse association among past and current users than among
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never users, was unexpected and possibly due to chance.
Previous studies of adult BMI and weight gain in the NHS
have shown stronger positive associations for postmeno-
pausal breast cancer among women who have never used
postmenopausal hormones (47). We did not observe this for
adolescent body fatness, providing further evidence that the
mechanism does not operate through current BMI and prob-
ably is not mediated by sex hormones, at least in postmen-
opausal women.

To our knowledge, only 1 prior study has examined asso-
ciations between body fatness at young ages and risk of
different breast cancer tumor subtypes. In this study, which
included only postmenopausal women (2,503 cases), the
inverse association for relative weight at age 12 years was
strongest for PR-negative (PR—) tumors and weakest for
PR-positive (PR+) tumors, although no formal tests of het-
erogeneity were conducted (12). In contrast, we observed
a stronger inverse association for ER— tumors than for ER+
tumors, with significant heterogeneity, while PR status did
not seem to be important. Both our study and the previous
study, however, indicated that the association for body fat-
ness at young ages was not stronger for risk of ER+/PR+
breast cancer as compared with other subtypes, again sug-
gesting a pathway not mediated by sex hormones.

In addition, although the test for heterogeneity was not
significant at the 0.05 level, our data suggest that the inverse
association may be stronger for tumors that overexpress
HER?2 than for those that do not. To our knowledge, this
has not been explored in previous studies, although
Borgquist et al. (48) found differences in the associations
of adult BMI and other anthropometric characteristics with
HER2+ and HER2— tumors. In future studies, researchers
should explore the relation between body fatness at young
ages and risks of different breast cancer molecular subtypes
that incorporate expression of ER, PR, and HER2, as well as
other markers.

This study had several important strengths. By combining
data from the NHS and NHS II and including pre-
menopausal and postmenopausal women, we were able to
examine higher levels of body fatness, interactions with
other factors, and variation by tumor characteristics. In ad-
dition, we had detailed information on many breast cancer
risk factors, permitting careful adjustment for these factors.
A limitation is that we relied on participants’ recall of their
body fatness at young ages, although the somatotype picto-
gram used has been validated (27) and has been associated
with risk of breast cancer (11, 13) and other related end-
points (49) in this population. In the analysis of HER2+- and
HER2— tumors, we could not include cases diagnosed be-
fore the 1998/1999 follow-up cycles because HER2 status
was not assessed in earlier years. Future studies in this pop-
ulation that utilize tissue microarrays to evaluate marker
expression will help address these issues.

In summary, this study showed strong and significant in-
verse associations between body fatness during childhood
and adolescence and risk of breast cancer throughout life.
These findings confirm those from previous studies, and
they suggest that body fatness at young ages acts through
a biologic pathway that is not mediated by adult BMI or
endogenous sex hormones. Elucidating the mechanisms that
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explain the inverse relation of body fatness at early stages of
life with risk of breast cancer may contribute to understand-
ing of the causes of this important disease.
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