Cancer Causes Control (2014) 25:843-857
DOI 10.1007/s10552-014-0385-3

ORIGINAL PAPER

Breast cancer risk in older women: results from the NIH-AARP

Diet and Health Study

Louise A. Brinton * Llewellyn Smith - Gretchen L. Gierach - Ruth M. Pfeiffer -
Sarah J. Nyante - Mark E. Sherman - Yikyung Park - Albert R. Hollenbeck -

Cher M. Dallal

Received: 27 February 2014/ Accepted: 9 April 2014/ Published online: 9 May 2014

© Springer International Publishing Switzerland (outside the USA) 2014

Abstract

Background Divergent risk factors exist for premeno-
pausal and postmenopausal breast cancers, but it is unclear
whether differences by age exist among postmenopausal
women.

Methods We examined relationships among 190,872
postmenopausal women, ages 50-71 years recruited during
1995-1996 for the NIH-AARP Diet and Health Study, in
whom 7,384 incident invasive breast carcinomas were
identified through 2006. Multivariable Cox regression
hazard ratios (HRs) and 95 % confidence intervals (CIs)
were estimated for breast cancer risk factors by age (50-59,
60-69, >70 years).

Results The only factor showing significant statistical
heterogeneity by age (ppeq = 0.001) was menopausal hor-
mone therapy duration, but trends were apparent across all
ages and the strongest association prevailed among women
60-69 years. Although other risk factors did not show
statistically significant heterogeneity by age, we did
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observe attenuated relations for parity and late age at first
birth among older women [e.g., HR for age at first birth
>30 vs. 2024 = 1.62 (95 % CI 1.23-2.14) for women
50-59 years vs. 1.12 (0.96-1.31) for >70 years]. In con-
trast, risk estimates associated with alcohol consumption
and BMI tended to be slightly stronger among the oldest
subjects [e.g., HR for BMI >35 vs. 18.5-24.9 = 1.24
(95 % CI 0.97-1.58) for 50-59 years vs. 1.46 (1.26-1.70)
for >70 years]. These differences were somewhat more
pronounced for estrogen receptor positive and ductal can-
cers, tumors predominating among older women. Breast
cancer family history, physical activity, and previous breast
biopsies did not show divergent associations by age.
Conclusion Although breast cancer risk factor differ-
ences among older women were not large, they may merit
further consideration with respect to individualized risk
prediction.

Keywords Breast cancer - Risk - Age - Older women

Introduction

It is well documented that breast cancer is strongly influ-
enced by age, with incidence rates that rise rapidly prior to
menopause, until they plateau and subsequently show less
rapid rate increases [1]. Although it has been demonstrated
that breast cancer risk factors differ between premeno-
pausal and postmenopausal women, particularly with
respect to the effects of family history of breast cancer,
parity and obesity [2], less is known regarding whether
there are additional variations in relationships according to
age for women experiencing the highest incidence rates—
namely postmenopausal women. Age-related differences in
risk factor relationships could influence risk prediction
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models, but few studies have specifically addressed effects
with an emphasis on older women,

The heterogeneity of breast cancer by age is supported
by different clinical characteristics, most notably by rising
rates of hormone receptor positivity with increasing age
[3]. Given that many risk factors differ by hormone
receptor status [4], it would be expected that factors should
show different patterns according to advanced ages at
diagnosis. A few studies have suggested that the risk of
breast cancer among women at older ages may be less
influenced by reproductive behavior [5-7] and alcohol
consumption [5], and more influenced by menopausal
factors [5] and body mass [8], but it is unclear to what
extent these differences reflect effects of divergent clinical
characteristics. This includes not only hormone receptor
status, but also histology and stage, factors that may be
influenced by variations in screening practices for different
ages.

Within the NIH-AARP Diet and Health Study, we had a
unique opportunity to examine whether breast cancer risk
factor associations changed with advancing ages among a
large series of postmenopausal women.

Methods
Study population

The NIH-AARP Diet and Health Study was established in
1995-1996 when a questionnaire requesting information on
demographic characteristics, dietary intake, and health-
related behaviors was sent to 3.5 million AARP members.
The study design has been described in detail elsewhere
[9]. Those initially contacted were AARP members
50-71 years old residing in six US states (California,
Florida, Louisiana, New Jersey, North Carolina, and
Pennsylvania) and two metropolitan areas (Atlanta, Geor-
gia, and Detroit, Michigan). A total of 617,119 people
(17.6 %) returned the questionnaire. Excluded were indi-
viduals who skipped substantial portions of the question-
naire, made significant recording errors or indicated eating
<10 foods, did not indicate sex, or died or moved before
their questionnaire was scanned. After these exclusions, the
baseline study population included 241,227 female partic-
ipants. Address changes were tracked annually through the
National Change of Address Service, the processing of
undeliverable mail and directly from participants. Vital
status was tracked using the Social Security Administration
Death Master File, the National Death Index, cancer reg-
istry linkages, and mailing responses. The NIH-AARP Diet
and Health Study was approved by the Special Studies
Institutional Review Board of the US National Cancer
Institute.
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Cancer incidence

Incident cases of breast cancer were identified by proba-
bilistic linkage to cancer registries in the eight states of the
cohort as well as Arizona, Nevada, and Texas in order to
capture cancers occurring among participants who moved
to those states during the follow-up period. These linkages
were based on annually updated residence information and
used first and last name, address, sex, date of birth, and
social security number from the baseline questionnaire.
The states of the cohort were chosen in part because their
registries had been shown to validly identify at least
90-95 % of cancer cases [10]. All suspected matches
underwent review. Dates of diagnosis and tumor charac-
teristics were obtained from the registries. Histology was
available from all eleven state registries and was defined
using the International Classification of Diseases for
Oncology Codes, 3rd edition [11]. Any primary incident
invasive carcinoma of the breast was considered for this
analysis, which included ductal (8,500, 8,523), lobular
(8,520, 8,524), mixed (8,522), and other cases. Estrogen
receptor (ER) status was available from eight of the state
registries (not Florida, Pennsylvania, or Texas) and was
classified as ER positive (4), ER negative (—), borderline
or unknown.

Exposure assessment

Study participants were asked to provide information on
demographic characteristics (e.g., race/ethnicity, level of
education, and marital status), dietary characteristics (e.g.,
alcohol and caloric intake), and medical history (e.g.,
family history of cancer and previous biopsies). In addi-
tion, participants reported their current height and weight
which was used to determine a participant’s current body
mass index (BMI, kg/m?). A period of vigorous physical
activity was defined as one of at least 20 min in the past
12 months that caused an increase in breathing or heart
rate, or worked up a sweat. Women were also asked for the
age of their first menstrual period, of the birth of their first
child, and of their last menstrual period, as well as number
of live births. In addition, they were asked whether they
had even taken menopausal hormone therapy (MHT) and
the duration of their use (years).

Analytic population

For the present analysis, we excluded 15,760 participants
whose questionnaires were completed by proxies, 23,957
who self-reported or were diagnosed with any cancer other
than non-melanoma skin cancer before baseline, 18 who
died or were diagnosed with cancer on the first day of
follow-up, 1,300 who had extreme values for BMI (defined
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as more than two inter-quartile ranges above the 75th %o or
below the 25th %o of log-transformed BMI), 7,210 who
reported premenopausal status, and 2,110 with unknown
menopausal status. The final analytic population included
190,872 women, of whom 7,384 were diagnosed with
invasive breast carcinoma during follow-up.

Statistical analysis

We used Cox proportional hazards regression (SAS 9.2.3
software, SAS Institute Inc., Cary, NC, USA), with age as
the timescale to estimate the hazard ratios (HRs) and 95 %
confidence intervals (CIs) of developing breast cancer in
each age interval. Follow-up for a woman started at age at
cohort entry and ended at an invasive breast cancer diag-
nosis or censoring. Women were censored at the earliest of
the following: the end of follow-up (31 December 2006),
an in situ (or unknown behavior) breast cancer diagnosis,
or the date on which the participant moved out of the
registry area or died from any cause. Women contributed
person time to one or more age intervals (age 50-59,
69-69, >70 years) based on their ages at entry into and exit
from the cohort.

Multivariable models were adjusted for established risk
factors as determined by previous studies of postmeno-
pausal breast cancer. Covariates included race (white,
nonwhite, unknown), education level (high school or Iess,
post high school or some college, college graduate, post-
graduate, unknown), marital status (married, unmarried,
unknown), age at menarche (<10, 11-12, 13-14,
>15 years, unknown), parity and age at first live birth
(nulliparous, <20, 20-24, 25-29, >30 years, unknown),
age and type of menopause (natural menopause at age:
<45, 4549, 50-54, =55 years, surgical/medical,
unknown), use of MHT (never, former, current, unknown),
BMI (<18.5, 18.5-24.9, 25-29.9, 30-34.9, >35.0 kg/m?,
unknown), alcohol intake (nondrinker, <5.0, 5.01-10.0,
10.01-20.0, 10.01-35.0, >35.0 g/day), history of breast
cancer in a first-degree relative (no, yes, unknown), and
number of previous breast biopsies (0, 1, >2, unknown).
Statistical heterogeneity in the hazard ratios across the
three age intervals was assessed using the Wald’s test
(phet)'

In addition, we examined whether the relationship
between risk factors and breast cancer incidence differed
by age and by ER status (ER+, ER—) or histologic type
(ductal, lobular). For example, to obtain ER+ specific HR
estimates, we fit Cox regression models where ER+ cases
were defined as events and ER— cases were censored at the
date of their diagnosis. In analyses of ER status, only those
participants who reported living in a state that reported ER
status at baseline were eligible. To examine the relation-
ships between BMI, menopausal hormone use, and breast

cancer risk, we assessed duration of MHT use according to
three categories of BMI: normal/underweight (<25 kg/mz),
overweight (25-29.9 kg/m?), and obese (>30 kg/m?). We
also evaluated the converse, namely whether BMI relations
differed according to menopausal hormone status.

To address potential biases, we ran sensitivity analyses,
separately excluding women with extreme values for total
caloric intake (n = 1,679), those who reported being in
poor or fair health at baseline (n = 24,532), and those who
reported no or infrequent recent breast cancer screening
(n = 38,041) (among a subset of postmenopausal subjects
who completed a second risk factor questionnaire). We also
truncated follow-up time at 30 June 2002 (the date of the
end of an influential study on menopausal hormone use and
breast cancer) [12], changing the status of current hormone
users to former at 30 June 2002. Finally, we assessed the
impact of adjusting for year of birth in 5-year categories.

The proportional hazards assumption was evaluated by
visual examination of Kaplan—Meir plots and by assessing
time-dependent interactions between each exposure and
age; no deviations of the assumption were observed (all
p > 0.05). Tests for linear trend across categories of
covariates were estimated from the Wald’s test using an
ordinal variable. p values of <0.05 were considered sta-
tistically significant. All tests of significance were two-
tailed. Analyses were conducted using SAS 9.2.3 software,
SAS Institute Inc., Cary, NC, USA.

Results

During an average 9.3 years (SD 2.7) of follow-up, the
190,872 women contributed the following person-years
(pyrs) to their corresponding age intervals: 50-59 years
(1,778,664 pyrs), 60-69 years (1,761,243 pyrs), and
>70 years (1,720,507 pyrs). Among the 7,384 breast can-
cer cases, 809 (11.0 %) were diagnosed between 50 and
59 years of age, 3,864 (52.3 %) between 60 and 69 years,
and 2,711 (36.7 %) at ages 70 years or beyond.

Table 1 shows the relationship of various reproductive
factors with breast cancer risk for all study subjects and
stratified by the three different age groups. Although there
was no statistically significant heterogeneity across the
three age groups for any of the parameters of interest—
which included age at menarche, number of births, age at
first birth, and age and type of menopause—there were
some suggestive associations observed.

A trend of decreasing risk with increasing age at men-
arche that was observed among all cases was largely driven
by a relationship among the women 70 years of age or
older (RR for >15 vs. <10 = 0.81, 95 % CI 0.66-0.99),
with little evidence that this factor related to risk among the
younger women. In contrast, the number of births was

@ Springer



Cancer Causes Control (2014) 25:843-857

846

1000°0> 1000°0> 00 1000°0> puedd

¥61°6T umouyup)

Ig1-960) TI'l Sol PS1-81'D)  S€'1 09¢ Wre-eTn w1 9 av¥'1-9rnD 8Tl 0cs 0101 0€<

ag1-Lon 811 119 (tz1-ton Tl 689 (€TT1-6L'0) 660 L1 (TT1-90D  €I'T LTIY'T ySETIE 6C—SC

- 00T YST'T - 00T 909°T - 0071 ¥8¢ - 00T vr0'c 617°9LL ¥7-0¢

(86:0-9L°0) L80 LIE (00'1-€8°0) 160 66S (TT1-18°0) 660 9v1  (L6'0—+80) 060 290°1 8671 0c>

o (8E€1-60'1)  TTI L6g Le1-€rn st ¥79 (€9T1-11'D  +€'1 81 FET91D ST €0T°1 0L8°9vCT snoredinN
(s1eak) yIq Is1 18 93y

w00 1000°0> 1000 1000°0> puend

8€9°€T umoyur)

(96'0-9L'0) S80 01¥'T  (L8'0-CL'0) 6L0 €VLT  (L8°0-850) 1LO 9vz  (98°0-SL0) 1870 66€°€ w698 €<

(r6'0-€L'0) €80 619 (S6'0-8L'0) 980 600'T (86°0-99°0) 080 157 (160-8L°0)  ¥8°0 6L8°1 vLI'8SY 4

(€0'T-SL'0) 880 9¢¢ (90'1-28°0)  ¥6°0 Iy (1 1-690) 880 L1T (00'1-€8°0) 160 ¥8L 9e¥°T8I1 I

9¢'0 - 00T L6E - 00T ¥79 - 0071 781 - 00T €0T°1 0L8°9vT snorediN
Lireq

100 650 02’0 00 puend

88L9 umoyur)

(66:0-99°0) 180 LTT @1'1-78'0) 960 Lyve (PE1-69°0)  ¥6°0 LS (TO'1-08'0) 160 1€9 029891 SI<

ari-6L0 ¥60 L9T°T  (TI'1-98°0) 860 S09°T  (LET1-08°0)  SO'I 86T (80°1-68°0) 860 0L0°¢ £€8°0VL PI-€l

LTT1-¥8'0) 660 vSI'T  (E1'1-L8°0) 660 €91 (SS'1-26'0)  0T'1 L8€  (TI'1-€6'0) TO'T ELIE €TV SYL (45!

9¢'0 - 001 127! - 00T 89¢ - 001 99 - 00T 831 L6161 01>
(s1e0k) oyoreuow je o3y

D%S6 (dH 1ILT = us3se) ID%S6 (dH $98°c = u $3seD D% S6 (dH 608 = U sose)
b_uﬁwo;smi 0L< 69-09 65-0S 1D%S6 (dH ($8€°L = u) sase)  SILAA-UOSId]

(s1e2k) sar10391e0 dn-mofjoy Jo a8y

[Te10AQ

SONSIIAJOBIRYD)

dn-mof[ojy jo

a3e Aq peynens pue [[eIdA0 ‘ApmiS YI[edH pue 101 JIVV-HIN 2u) ut uswom [esnedousunsod Suowe ysSLI 190Ued JSEAIq pue AI0SIY 9ANONPOoIdal pue [enIsuswl UdMIdq UOIRIOOSSY T d[qe]

pringer

A's



Cancer Causes Control (2014) 25:843-857 847

l E inversely related to risk within all three age groups, with
g - 2 some suggestion that it might be somewhat more strongly
2 =] .
S 3 > related to risk among the youngest as opposed to oldest
=}
2 PPN g women [HR for >3 vs. O births =0.71 (95 % CI
3] SI % 2: § 2 0.58-0.87) for 50-59 years vs. 0.85 (0.76-0.96) for
E 2E g2¢ gl|& >70 years]. Similarly, a significant relationship with late
R S,z 2% ~ s
g age at first birth was observed within all age groups but was
E 38858 £ stronger among the youngest women [HR for >30 vs.
o £ 20-24 = 1.62 (95 % CI 1.23-2.14) f —
= years = 1.62 ( o . .14) for 50-59 years
= = vs. 1.12 (0.96-1.31) for >70 years].
- s y
o _— Q
I i e Later age at natural menopause (>55 vs. 50-54 years)
2 < — = o =} & was significantly related to increased risk only among the
2 — Q
% & 85248 - i women 60 years of age or older [HR 1.08 (95 % CI
o E S 0.71-1.66) for women 50-59 years, 1.22 (1.08-1.38) for
o) 5 ér % g = E 2 60-69 years, and 1.17 (1.02-1.35) for >70 years]. How-
S @' é é é S g =: ever, there was little difference in the relation of a surgical/
& s .z V|3 3 medical menopause across the three age groups
& 2 P ge groups.
~ 238K g = Risk was further examined according to a variety of life-
= c = 5 gb style factors, including BMI, frequency of physical activity,
§ & z alcohol consumption, and duration of MHT use (Table 2).
o 3 £ The only factor showing significant heterogeneity by age was
I 5 E:
o | = o4 = o % E duration of MHT use (pne, = 0.001). Although there were
i (% SERCR = S significant linear trends with years of use in all age groups, the
° — — = .. .
E 3 strongest association was observed for women in the
—~ o~ —~ o~ o =
A 5 S8 g4 = E 60-69 year age group (HR for >10 years MHT = 1.57,95 %
[ - O - — )
5 < g' gé :' 9: < | & 8 CI1.43-1.73). In terms of other lifestyle factors, BMI was not
3 S s € ZS|F g significantly related to risk among the youngest age group, bu
e & e e e e = S gnificantly related to risk g the youngest age group, but
o . . . .
& - ® = o ®» o & 2 significantly related to risk among the subjects 60 years of age
5| |8 322323 E z Ider [HR for BMI =35 vs. 18.5-24.9 kg/m? = 1.24 (95 %
2 °e - - =2 s S orolder or >35vs. 18.5-24.9 kg/m™ = 1. 0
[=% > = —
; 2 g g CI 097-1.58) for 50-59 years; 1.39 (1.24-1.57) for
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3 I § ears; 1. 26-1. or > ears). In contrast,
i E S 60-69 y 1.46 (1.26-1.70) f 70 y I trast
Bla| g = higher frequency of physical activity appeared to be signifi-
als 2 g quency of phy y app g
5} 2 s =] . .
2118 88ag 2 5 cantly inversely related to risk only among women
P g 2 60-69 years of age, with little evidence of a relation among
A D S o P .
5 2 ; « ; = & ' £ the youngest or oldest women. Alcohol consumption was
& © 2 2 2 SIEE E significantly related to risk only among the women 60 years of
=2 22 S|&gz s g y y g y
& eESer=es VIZs2 g Z age or older [HR for >35 g/day vs. nondrinking = 1.10
2 oe &
“% a8 ap 53 T Z % (95 % CI 0.73-1.66) for 50-59 years, 1.42 (1.21-1.68) for
°Se -~ < c 252 60-69 years, and 1.54 (1.27-1.87) for >70 years].
§ & é < % é We also assessed risk in relation to a family history of
S = = ¢ . . . .
" g & & & é“ breast cancer and a history of previous breast biopsies
= % . 2 ; (Table 3). Subjects with a family history of breast cancer
g 8838 SEE 5 3 were at approximately at 50 % increased risk, which did
< s b o Q=3 =] . . . . .
© — o o = E %‘) g = not vary according to age. Similarly, a history of a previous
z :f 8 2z E breast biopsy, which conferred the highest risk if multiple
o R . . . . .
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£l g 2z dRE8s |52 05 E th 1 .
sz Efogdogdy SE 2SS with risk across all three age intervals.
2 o= go-av¥=r 2853 = Since effects of BMI have been shown to be strongest in
é “i é § E *E E E ;D nonhormone users, we also conducted sensitivity analyses
S 3 8 2 ?g B} & 2 ‘;é S restricted to subjects who had never used menopausal
=z = £ T w® = 8 .
- |8 = E o § % S § sz hormones. These continued to show somewhat enhanced
2|8 ﬁgiﬁié%'%ia’%sa%s lationshi £ h di d h
= | 5 s EVERENSEEISS SR relationships of BMI among the women diagnosed at the
< | = o 3 n D UL g M =
=10 < - S a @ % older ages (data not shown).
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Table 2 continued

Age of follow-up categories (years)

Overall

Characteristics

Pheterogeneity

2

>70

60-69

50-59

95 % CI

Cases HR

Person-
years

Cases HR' 95 % CI Cases HR! 95 % CI

95 % CI

HR!

Cases

n = 17,384

n=2711

n = 3,864

n = 809

Duration of MHT use (years)

0.001

1.00

1,314

1.00

1,347

1.00 251 1.00

2,912

780,100

Never

102 (0.90-1.14)
122 (1.06-1.39)
137 (1.24-1.52)

356
270
729

123 (1.12-1.35)
153 (1.40-1.68)
1.57 (1.43-1.73)

744
753
966

128 (1.08-1.53)
158 (1.29-1.94)
130 (1.00-1.69)

116 (1.09-1.24) 276

1,376
1,198
1,792

342,906
243,209
378,865

<5

175

143 (1.33-1.54)
146 (1.37-1.56)

5-9

97

>10

35,782

Unknown

<0.0001

<0.0001

0.001

<0.0001

Ptrend

! Multivariable models adjusted for race, education level, marital status, age at menarche, parity and age at first live birth, age and type of menopause, MHT use, BMI, daily alcohol intake,

family history of breast cancer in a first-degree relative, and number of previous breast biopsies

2 Evaluates heterogeneity across categories of age of follow-up

As risk factor relationships can also vary by hormone
receptor status and/or histology of the tumor, we examined
risks within age groups by these parameters (Table 4). The
relationships we observed according to the reproductive
factors were generally less apparent for the ER negative (—
) than positive (4-) tumors, possibly reflecting small num-
bers among the former cases. Among the ER+ tumors, we
continued to observe patterns generally similar to those
observed for all tumors—namely significant heterogeneity
by age for MHT duration, age at menarche relations that
were restricted to the women diagnosed at the oldest ages,
and somewhat enhanced associations for numbers of births
among the youngest women. Further, for the ER+ tumors,
BMI and alcohol consumption were most strongly related
to risk among the oldest women, although the p for het-
erogeneity across age groups was not significant. In con-
trast to the other risk factors, a late age at first birth was a
risk factor for both ER— and ER+ tumors, with relation-
ships predominating among the younger participants.

We also assessed risks within subgroups of tumors
defined by histology (ductal vs. lobular) (Table 5). The
rarer lobular tumors generally showed inconsistent rela-
tionships with most of the established breast cancer risk
factors, possibly owing to small numbers. However, among
the ductal tumors, we continued to observe support for
possible age heterogeneity in directions similar to what had
generally been observed among all cases combined, as well
as among the ER+ cases. Thus, ductal carcinoma risk
associations with parity and age at first birth were slightly
attenuated among the older women, and alcohol con-
sumption slightly enhanced. Increased risk of ductal car-
cinoma associated with MHT use also showed significant
heterogeneity by age, although there were significant trends
with increasing durations of use in all age groups.

A variety of sensitivity analyses, both excluding women
(e.g., subjects with extreme values for caloric intake, those
in poor or fair health, or those with no or infrequent breast
cancer screening history) and truncating person years at the
end of June 2002, resulted in no substantial changes to the
results previously presented. Given small numbers of
younger (50-59 years) women who developed ER— or
lobular tumors, we also evaluated p values for heteroge-
neity comparing only the women aged 60-69 versus
>70 years and also found no statistically significant
differences.

Discussion
Given that breast cancer incidence rates increase with age
and that the number of older women in the USA is

increasing, it is important to understand the epidemiology
of breast cancer among older women. In this large cohort
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Age of follow-up categories (years)

Table 3 Association between family history of breast cancer and number of previous breast biopsies and breast cancer risk among postmenopausal women in the NIH-AARP Diet and Health
Overall

Study, overall and stratified by age of follow-up

Characteristics

@ Springer

2
Pheterogeneity

>70

60-69

50-59

95 % CI

Cases HR'

Person-years

95 % CI

Cases HR'

95 % CI

Cases

95 % CI

HR

Cases

n="17384

n=2711

n = 3,864

n = 809

Family history of breast cancer in a female first-degree relative

1.00 2,091 1.00 0.92
1. 1.

3,026

1.00

643

1.00

1.

5,760
1,291

1,482,250

No

(1.36-1.66)

50

(1.38-1.63)

50

(1.19-1.74) 669

44

1.

127

(1.40-1.59)

49

217,865
80,747

Number of previous breast biopsies

Yes

Unknown

1,845 1.00 0.48
1.

1.00
1.36

1.

2,614

1.00

560
157

1.00
1.38

1.

5,019

1,346,746

(1.26-1.53)
(1.30-1.66)

39
47

540

(1.25-1.48)
(1.50-1.83)

(1.19-1.69) 755

(1.33-2.10)

42
1.67

(1.30-1.46) 1.

1,452

276,073
147,198

1.

315

66

476

87

(1.48-1.70)

59

878

10,844

Unknown

<0.0001

<0.0001

<0.0001

<0.0001

Ptrend

! Multivariable models adjusted for race, education level, marital status, age at menarche, parity and age at first live birth, age and type of menopause, MHT use, BMI, daily alcohol intake, family history of

breast cancer in a first-degree relative, and number of previous breast biopsies

2 Evaluates heterogeneity across categories of age of follow-up

of postmenopausal women, most risk factor relationships
did not vary significantly by age, although we did observe
some suggestive variations that might support potential
etiologic differences.

Although previous studies have noted distinctive dif-
ferences between risk factors for premenopausal versus
postmenopausal onset breast cancers [2, 13], fewer have
been able to assess risk factor differences among older
women. By virtue of our study population, we had a unique
opportunity to address this gap in research as all partici-
pants were aged 50 or older. However, there were chal-
lenges in interpreting some of the age differences given the
relatively small number of younger (50-59 years) as
compared to older women. In addition, it was difficult to
compare our results to those of previous investigations
because many of these studies had limited numbers within
the age groups examined and the comparative age groups
varied. For example, in some of the larger studies, older
women were variously defined as 65 [6, 14], 70 [7, 8, 15],
or 75 [5, 16] years or older.

Reproductive exposures have been the risk factors most
commonly assessed in relation to later-onset breast can-
cers. Late menarche has been examined according to age at
diagnosis among older women in several studies, with
discrepant findings. While a lack of association with this
parameter has been noted among older women [14], other
studies have found either somewhat weaker [16] or stron-
ger [6] inverse relationships among the oldest as compared
to younger age groups. Our findings suggested little evi-
dence of a relationship with age at menarche among
younger women with the only significant inverse rela-
tionship seen among the older (>70 years) subjects. We
have no ready explanation for this, especially since we
might have hypothesized stronger effects among younger
women if recall was affecting the results. However, the
variation by age that we observed was slight and not sta-
tistically significant.

Parity and late age at first birth have also been examined
in several previous studies. Although some studies have
failed to find relationships of breast cancer risk with either
parity [5] or age at first birth [7] among older women, we,
like two other investigations [6, 16], found the relation-
ships of both factors somewhat attenuated among older as
compared to younger women. Given that the effects of
pregnancy on breast cancer risk are believed to operate, at
least partially, though postpartum remodeling of breast
tissue [17], it is not surprising that the effects would
diminish with age. However, whether reproductive factors
have no effect on the risk of the development of cancers at
advanced ages or whether there is only a diminution with
age has yet to be determined.

While the effect of reproductive factors on breast cancer
risk appeared attenuated among older women in our study,
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Table 4 Associations between reproductive and anthropometric variables and risk of ER positive and ER negative breast cancer among

postmenopausal women in the NIH-AARP Diet and Health Study, overall and stratified by age of follow-up

Characteristics

ER positive

Age of follow-up (years)

50-59 60-69 >70 Dot

Cases n = 309 HR' 95 % CI Cases n = 1,653 HR' 95 % CI Cases n = 1,164 HR' 95 % CI
Age at menarche (years)
<10 26 1.00 - 126 1.00 - 66 1.00 - 0.26
11-12 148 1.07 (0.70-1.62) 676 0.86 (0.71-1.04) 506 0.99 (0.77-1.28)
13-14 110 0.89 (0.58-1.37) 704 0.90 (0.74-1.09) 501 0.92 (0.71-1.19)
>15 24 0.95 (0.54-1.65) 141 0.85 (0.67-1.09) 85 0.71 (0.52-0.99)
Ptrend 0.30 0.66 0.01
Parity3
Nulliparous 78 1.00 - 266 1.00 - 177 1.00 - 0.35
1 48 0.88 (0.61-1.27) 185 1.00 (0.83-1.21) 106 0.83  (0.65-1.06)
2 98 0.76 (0.56-1.04) 467 0.93 (0.80-1.09) 276 0.82  (0.67-0.99)
>3 82 0.65 (0.47-0.90) 696 0.78 (0.68-0.91) 591 0.80 (0.67-0.95)
Prrend 0.01 0.0002 0.02
Age at first birth (years)
Nulliparous 78 139 (1.02-1.88) 266 125 (1.08-1.45) 177 135 (1.13-1.61) 0.25
<20 41 0.79 (0.54-1.13) 230 0.88 (0.75-1.02) 129 0.88 (0.72-1.07)
20-24 106 1.00 - 648 1.00 - 458 1.00 -
25-29 51 1.03  (0.73-1.44) 329 121 (1.06-1.39) 294 133 (1.15-1.55)
>30 28 158 (1.03-2.42) 138 158 (1.31-1.90) 88 1.17  (0.93-1.47)
Pirend 0.02 <0.0001 0.001
BMI (kg/m?)
<18.5 2 046 (0.11-1.85) 13 0.64 (0.37-1.12) 9 0.58 (0.30-1.13) 0.19
18.5-24.9 152 1.00 - 679 1.00 - 473 1.00 -
25.0-29.9 84 0.85 (0.65-1.11) 527 1.14 (1.01-1.28) 368 1.10  (0.96-1.27)
30.0-34.9 37 0.81 (0.56-1.17) 246 128 (1.10-1.49) 191 144 (1.21-1.71)
>35.0 31 1.06 (0.71-1.57) 139 133 (1.10-1.60) 85 146 (1.15-1.84)
Puend 0.78 <0.0001 <0.0001
Alcohol intake (g/day)
Nondrinker 77 1.00 - 421 1.00 - 355 1.00 - 0.23
<5.0 150 0.94 (0.71-1.24) 793 1.09 (0.96-1.22) 474 0.91 (0.79-1.04)
5.01-10.0 32 1.15 (0.76-1.75) 120 1.00 (0.82-1.23) 93 1.13 (0.90-1.42)
10.01-20.0 26 0.82 (0.52-1.29) 173 1.13  (0.94-1.35) 128 1.13 (0.92-1.39)
20.01-35.0 15 1.09 (0.62-1.91) 78 1.19 (0.93-1.52) 55 1.13 (0.85-1.50)
>35.0 9 0.90 (0.45-1.81) 68 141 (1.09-1.83) 59 173 (1.31-2.29)
Prrend 0.86 0.01 0.0003
Duration of MHT use (years)
Never 87 1.00 - 490 1.00 - 516 1.00 - 0.0002
<5 122 1.50 (1.13-1.99) 292 123 (1.06-1.42) 145 0.98 (0.81-1.18)
5-9 64 1.58 (1.13-2.23) 390 1.90 (1.65-2.19) 134 1.38 (1.14-1.68)
>10 34 139 (0.89-2.16) 467 1.86 (1.61-2.14) 350 149 (1.28-1.73)
Prrend 0.03 <0.0001 <0.0001
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Table 4 continued

Characteristics ~ ER negative

Age of follow-up (years)

50-59 60-69 >70 Phet
Casesn =97 HR' 95% CI Casesn =309 HR' 95% CI Cases n =220 HR' 95 % CI
Age at menarche (years)
<10 8 1.00 - 16 1.00 - 12 1.00 - 0.75
11-12 45 1.18  (0.56-2.52) 151 1.53  (0.91-2.56) 90 1.00  (0.54-1.82)
13-14 35 1.09 (0.50-2.36) 112 1.16 (0.68-1.96) 97 1.00  (0.55-1.83)
>15 9 1.33  (0.51-3.48) 29 1.38 (0.75-2.56) 19 0.87 (0.42-1.80)
Ptrend 0.80 0.52 0.74
Parity®
Nulliparous 15 1.00 - 40 1.00 - 29 1.00 - 0.59
1 14 1.21  (0.58-2.52) 45 147 (0.96-2.26) 23 1.00  (0.57-1.73)
2 35 1.33  (0.72-2.48) 75 095 (0.64-1.40) 44 0.73  (0.46-1.18)
>3 31 1.07 (0.56-2.04) 144 1.00  (0.70-1.44) 120 0.90 (0.59-1.36)
Dtrend 0.86 0.40 0.63
Age at first birth (years)
Nulliparous 15 1.00  (0.53-1.89) 40 098 (0.68-1.41) 29 1.06  (0.69-1.61) 0.15
<20 28 1.68 (1.00-2.85) 67 1.18  (0.88-1.60) 26 0.69 (0.44-1.06)
20-24 31 1.00 - 130 1.00 - 105 1.00 -
25-29 11 0.83 (0.41-1.67) 37 0.71 (0.49-1.03) 41 0.88 (0.61-1.27)
>30 10 2.18 (1.05-4.53) 28 1.71  (1.13-2.59) 14 0.90 (0.51-1.58)
Plrend 0.77 0.85 0.50
BMI (kg/m?)
<18.5 1 094 (0.13-6.89) 6 1.72  (0.76-3.92) 1 0.38 (0.05-2.74) 0.81
18.5-24.9 38 1.00 - 123 1.00 - 82 1.00 -
25.0-29.9 31 1.16 (0.71-1.87) 93 1.05 (0.80-1.37) 76 1.21  (0.89-1.66)
30.0-34.9 12 092 (0.48-1.79) 48 1.26  (0.90-1.77) 32 1.23  (0.81-1.87
>35.0 12 147 (0.75-2.89) 27 1.27  (0.83-1.95) 17 141  (0.83-2.41)
Dtrend 0.44 0.27 0.08
Alcohol intake (g/day)
Nondrinker 21 1.00 - 78 1.00 - 68 1.00 - 0.42
<5.0 55 146 (0.88-2.44) 141 1.14  (0.86-1.51) 105 1.14  (0.84-1.56)
5.01-10.0 7 1.20 (0.50-2.85) 27 1.40  (0.90-2.18) 11 0.79  (0.41-1.50)
10.01-20.0 10 1.56 (0.72-3.36) 32 1.34  (0.88-2.04) 24 1.31  (0.81-2.11)
20.01-35.0 3 1.05 (0.31-3.57) 18 1.75  (1.04-2.94) 10 1.26  (0.64-2.47)
>35.0 1 0.44 (0.06-3.30) 13 1.63  (0.90-2.94) 2 0.35 (0.08-1.41)
Dtrend 0.93 0.01 0.85
Duration of MHT use (years)
Never 31 1.00 - 99 1.00 - 97 1.00 - 0.35
<5 27 0.89 (0.53-1.52) 74 143 (1.05-1.95) 36 1.24  (0.84-1.83)
5-9 25 1.46 (0.83-2.56) 52 1.19  (0.84-1.69) 18 0.96 (0.58-1.61)
>10 12 091 (0.44-191) 80 1.36  (0.98-1.90) 63 1.25  (0.87-1.78)
Dtrend 0.68 0.12 0.27

! Multivariable models adjusted for race, education level, marital status, age at menarche, parity and age at first live birth, age and type of
menopause, MHT use, BMI, daily alcohol intake, family history of breast cancer in a first-degree relative, and number of previous breast biopsies

2 Evaluates heterogeneity across categories of age of follow-up within each receptor subtype

3 Multivariable models for parity do not adjust for age at first birth

* Trends for age at first birth do not include nulliparous women
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Table 5 Association between reproductive history and risk of ductal and lobular breast cancer among postmenopausal women in the NIH-AARP

Diet and Health study, overall and stratified by age of follow-up

Characteristic  Ductal

Age of follow-up categories (years)

50-59 60-69 >70 Dot
Cases n = 596 HR' 95 % CI Cases n = 2,699 HR' 95 % CI Cases n = 1,833 HR' 95 % CI
Age at menarche (years)
<10 48 1.00 - 179 1.00 - 106 1.00 - 0.78
11-12 287 123 (0.91-1.68) 1,162 1.06 (0.91-1.24) 761 0.95 (0.77-1.16)
13-14 218 1.08 (0.78-1.48) 1,113 1.03  (0.88-1.21) 795 0.93  (0.76-1.14)
>15 43 1.00 (0.66-1.51) 236 0.98 (0.80-1.19) 166 0.86 (0.67-1.10)
Ptrend 0.37 0.47 0.21
Parity3
Nulliparous 142 1.00 - 421 1.00 - 283 1.00 - 0.32
1 75 072 (0.55-0.96) 280 0.93 (0.80-1.09) 172 0.83  (0.68-1.00)
2 180 0.74 (0.59-0.93) 711 0.89 (0.78-1.00) 408 0.76  (0.65-0.89)
>3 189 0.71 (0.56-0.89) 1,230 0.81 (0.72-091) 952 0.80 (0.70-0.92)
Prrend 0.01 0.0001 0.01
Age at first birth (years)
Nulliparous 142 147 (1.17-1.84) 421 1.19 (1.06-1.34) 283 127 (1.10-1.46) 0.04
<20 120 1.17 (0.93-1.48) 419 0.88 (0.79-0.99) 225 0.90 (0.77-1.04)
20-24 200 1.00 - 1,153 1.00 - 798 1.00 -
25-29 77 091 (0.70-1.19) 469 1.06 (0.95-1.18) 380 1.06  (0.94-1.20)
>30 45 1.56 (1.12-2.17) 173 126 (1.07-1.48) 123 1.02  (0.84-1.23)
Pirend 0.63 0.0001 0.13
BMI (kg/m?)
<18.5 7 0.96 (0.45-2.03) 22 0.70 (0.46-1.06) 19 0.79 (0.50-1.25) 0.98
18.5-249 252 1.00 - 1,058 1.00 - 742 1.00 -
25.0-29.9 170 0.99 (0.82-1.21) 865 1.14  (1.04-1.25) 603 1.10  (0.99-1.23)
30.0-34.9 88 1.09 (0.85-1.40) 401 124 (1.10-1.39) 268 120 (1.04-1.39)
>35.0 68 131 (0.99-1.73) 261 147 (1.28-1.70) 141 143 (1.19-1.72)
Prrend 0.08 <0.0001 <0.0001
Alcohol intake (g/day)
Nondrinker 137 1.00 - 742 1.00 - 563 1.00 - 0.70
<5.0 315 1.19 (0.97-1.46) 1,252 0.99 (0.90-1.08) 797 0.96 (0.86-1.08)
5.01-10.0 51 120 (0.87-1.66) 200 1.01 (0.86-1.18) 126 1.00  (0.83-1.22)
10.01-20.0 48 1.04 (0.74-145) 253 1.04 (0.90-1.20) 193 1.14  (0.97-1.35)
20.01-35.0 24 1.18 (0.76-1.83) 131 124 (1.03-149) 79 1.07 (0.85-1.36)
>35.0 21 121 (0.76-1.91) 121 144 (1.18-1.74) 75 137 (1.07-1.74)
Prrend 0.50 0.0004 0.01
Duration of MHT use (years)
Never 192 1.00 - 942 1.00 - 893 1.00 - 0.004
<5 200 122 (1.00-1.50) 536 127 (1.14-1.41) 240 1.01 (0.88-1.17)
5-9 129 1.51 (1.19-1.91) 519 1.52  (1.36-1.70) 171 1.14  (0.96-1.35)
>10 69 120 (0.89-1.63) 663 1.55 (1.39-1.74) 496 139  (1.23-1.57)
Purend 0.01 <0.0001 <0.0001
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Table 5 continued

Characteristics

Lobular

Age of follow-up categories (years)

50-59 60-69 >70 Phet
Cases n =68 HR' 95 % CI Casesn =398 HR' 95% CI Casesn =332 HR' 95%CI
Age at menarche (years)
<10 6 1.00 - 27 1.00 - 20 1.00 - 0.50
11-12 26 0.88 (0.36-2.16) 147 0.87 (0.58-1.32) 141 091 (0.57-1.45)
13-14 29 1.08 (0.45-2.64) 187 1.11  (0.74-1.67) 143 0.85 (0.53-1.36)
>15 7 1.20  (0.40-3.60) 36 1.00  (0.60-1.65) 26 0.69 (0.38-1.23)
Ptrend 0.48 0.18 0.16
Parity®
Nulliparous 7 1.00 - 64 1.00 - 39 1.00 - 0.22
1 17 311 (1.27-7.58) 48 1.10  (0.75-1.60) 40 145  (0.93-2.27)
2 23 1.78  (0.75-4.22) 111 092 (0.67-1.26) 76 1.07  (0.72-1.59)
>3 19 1.28 (0.52-3.13) 168 0.76  (0.56-1.03) 171 1.10  (0.77-1.58)
Dtrend 0.58 0.02 0.85
Age at first birth (years)
Nulliparous 7 0.53  (0.23-1.22) 64 1.34  (0.99-1.82) 39 1.13  (0.78-1.63) 0.18
<20 4 0.23  (0.08-0.65) 51 0.85 (0.61-1.17) 31 0.84 (0.56-1.25)
20-24 32 1.00 - 153 1.00 - 120 1.00 -
25-29 16 1.31  (0.71-2.42) 86 144  (1.10-1.89) 97 1.79  (1.36-2.35)
>30 7 1.78  (0.77-4.10) 36 1.96 (1.35-2.83) 37 2.00 (1.38-2.90)
Plrend 0.0002 <0.0001 <0.0001
BMI (kg/m?)
<18.5 0 - - 3 0.61 (0.20-1.92) 0 - - 0.93
18.5-24.9 30 1.00 - 167 1.00 - 140 1.00 -
25.0-29.9 22 1.10  (0.63-1.92) 130 1.13  (0.90-1.43) 109 1.09  (0.85-1.40)
30.0-34.9 0.65 (0.27-1.59) 57 1.22  (0.90-1.66) 53 1.34  (0.97-1.85)
>35.0 8 140 (0.62-3.14) 29 1.18  (0.79-1.77) 21 1.22  (0.76-1.95)
Dtrend 0.73 0.12 0.04
Alcohol intake (g/day)
Nondrinker 17 1.00 - 76 1.00 - 101 1.00 - 0.01
<5 35 1.00  (0.56-1.81) 217 1.62  (1.25-2.11) 127 0.82  (0.63-1.06)
5.01-10.0 6 1.10  (0.43-2.82) 35 1.63  (1.08-2.44) 25 1.05  (0.68-1.64)
10.01-20.0 8 1.34  (0.57-3.17) 42 1.57  (1.07-2.30) 35 1.09 (0.74-1.62)
20.01-35.0 2 0.82 (0.19-3.58) 16 1.38  (0.80-2.37) 21 1.53  (0.95-2.47)
>35.0 0 - - 12 1.33  (0.72-2.45) 23 231  (1.46-3.66)
Dtrend 0.62 0.15 0.0003
Duration of MHT use (years)
Never 21 1.00 - 138 1.00 - 165 1.00 - 0.22
<5 18 0.89  (0.47-1.70) 75 1.16  (0.87-1.54) 50 1.16  (0.84-1.60)
5-9 20 2.02  (1.03-3.94) 75 1.37  (1.02-1.85) 36 1.33  (0.92-1.92)
>10 8 1.16 (0.47-2.87) 108 1.59  (1.19-2.11) 79 1.28  (0.95-1.73)
Dtrend 0.24 0.001 0.07

! Multivariable models adjusted for race, education level, marital status, age at menarche, parity and age at first live birth, age and type of
menopause, MHT use, BMI, daily alcohol intake, family history of breast cancer in a first-degree relative, and number of previous breast biopsies

2 Evaluates heterogeneity across categories of age of follow-up within each histologic subtype

3 Multivariable models for parity do not adjust for age at first birth

* Trends for age at first birth do not include nulliparous women
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we actually found stronger relations of BMI among our oldest
study subjects, as has been observed in several other investi-
gations [8, 18-20]. BMI is well documented as showing dis-
crepant relations with breast cancer risk according to
menopausal status, with inverse associations having consis-
tently been seen for cancers of premenopausal onset and direct
associations observed for postmenopausal cancers [21, 22].
The latter relation is accepted as deriving from the peripheral
conversion of androgens to active estrogens in fat tissue [23].
Thus, a stronger relationship of obesity to breast cancers at
older ages may reflect that these cancers may be more prone to
the influence of endogenous estrogens. This might also
explain the slightly enhanced risks associated with alcohol
consumption for cancers occurring in the oldest women given
that there is evidence that this risk factor may operate through
estrogenic mechanisms [24]. The stronger relation of obesity
to later-onset cancers would also be consistent with findings
that more recent weight gain is a stronger predictor of breast
cancer than weight earlier in life [25, 26].

Of all the risk factors examined, the only one that showed
significant variation across the age groups was that of
duration of MHT use. If not merely a chance finding, the
significance of the interaction might reflect varying preva-
lences of exposure across the age groups, given that there
were significant trends according to this parameter in all age
groups. The statistical heterogeneity could also reflect that
the strongest relationship was observed among women ages
60—69 years, which had the largest number of subjects. Our
interpretation of this finding was also complicated by the
absence of information on the baseline questionnaire on
types of hormones prescribed, which is known to affect risk
of all tumors as well as tumor subtypes.

We also examined risk in relation to age at menopause, a
factor that has been consistently and positively related to
breast cancer risk [27], presumably reflecting effects of
prolonged circulating estrogens. This is not a parameter
that has generally been thought to show discrepant results
by age [14]. Similarly, in the present study, we also did not
observe significant heterogeneity by age but did note
slightly stronger relations for the older subjects. Although
the differences were not pronounced, this would be con-
sistent with the notion that it can take between 10 and
15 years for menopause to fully exert its effects on breast
cancer risk [28]. Given this, we would have also expected
to have seen some heterogeneity according to relations
with surgical menopause, a factor found not to affect risk
of breast cancer in older women in one investigation [7].
However, the association with surgical menopause in our
study may have been obscured by the inclusion of both
women with a hysterectomy, which has not generally been
related to substantial alterations in breast cancer risk [29]—
as well as those with a bilateral oophorectomy, which can
substantially reduce subsequent breast cancer risk [30].

Although a family history of breast cancer is known to
be a stronger predictor of risk for very early-onset cancers
[31, 32], most studies have not shown variation in relations
across the spectrum of older ages [5, 16], in agreement with
results from our study. We also did not observe consistent
differences according to age for a variety of other accepted
breast cancer risk factors, including previous breast biop-
sies and levels of physical activity.

While we examined associations with all breast cancers
in the cohort, it is well recognized that the disease is
extremely heterogeneous, with distinctive relationships
according to various clinical parameters [33, 34]. Diver-
gent effects by both hormone receptor status [4] and his-
tology [35, 36] have been reported. Although there is a fair
amount of inconsistency in the literature regarding risk
factor associations within clinical subgroups, there are
some suggestions of stronger relationships of alcohol
consumption with ER+ as compared to ER— tumors [37],
BMI and menstrual factors with ductal as compared to
lobular cancers [35], and menopausal hormone use with
lobular as compared to ductal cancers [38, 39]. However,
even when we controlled for this variation, we continued to
observe some possible heterogeneity by age, particularly
with respect to attenuated relations among older women for
some of the reproductive parameters and increased risks of
BMI and alcohol consumption. Not surprisingly, these
relationships mainly prevailed for the tumors that are most
common among older women, notably the ER+ and ductal
tumors.

Given that breast cancer incidence rates increase with
age and that more women are living longer, it can be
expected that greater numbers of women will be diagnosed
with breast cancer at older ages in the future [40]. It is also
well documented that less screening mammography among
older women is associated with later stage at diagnosis and
poorer survival [41-43]. It is therefore important to
determine whether the standard risk factors apply to such
women. Our analysis suggests generally similar risk pro-
files for such cancers, with possibly a slight attenuation for
reproductive factors and a modest enhancement for obesity
and alcohol consumption. Although these differences
among older women were not large, they may merit further
consideration with respect to individualized breast cancer
risk prediction, as has been detailed in several recent
investigations [7, 44, 45].
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