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Abstract
Pregnancy, parity, and circulating steroid hormone levels are associated with risk of breast cancer, but little is

known about hormone concentrations during pregnancy and subsequent breast cancer risk. We evaluated early
pregnancy (<140 days gestation) serum estradiol, estrone, progesterone, and testosterone and breast cancer risk
in a nested case–control study in the FinnishMaternity Cohort. The cohort includes 98%of pregnancies registered
in Finland since 1983. Individuals with samples collected in the first pregnancy leading to a live birth were eligible.
Breast cancer cases (n¼ 1,199) were identified through linkage with the Finnish Cancer Registry; 2,281 matched
controls were selected using incidence density sampling. ORs were calculated using conditional logistic
regression. Hormone concentrations were not associated with breast cancer overall. Estradiol was positively
associated with risk of breast cancer diagnosed age <40 [4th vs. 1st quartile OR 1.60 (1.07–2.39); Ptrend¼ 0.01], and
inversely associated with breast cancer diagnosed at age �40 [4th vs. 1st quartile OR 0.71 (0.51–1.00); Ptrend ¼
0.02]. Elevated concentrations of the steroid hormones were associated with increased risk of estrogen receptor
(ER)- and progesterone receptor (PR)-negative tumors in women age <40 at diagnosis. We observed no
association between steroid hormones and ERþ/PRþ disease. These data suggest a positive association between
high concentrations of early pregnancy steroid hormones and risk of ER�/PR� breast cancer inwomen diagnosed
age <40, and an inverse association for overall breast cancer diagnosed age �40. Further research on pregnancy
hormones and risk of steroid receptor–negative cancers is needed to further characterize this association. Cancer
Res; 74(23); 6958–67. �2014 AACR.

Introduction
The biologic mechanisms relating pregnancy, parity, and

breast cancer are not fully understood. Breast cancer risk

increases transiently following pregnancy, but parity is subse-
quently associated with a reduced risk, though this effect is
dependent on age at first birth (reviewed in refs. 1, 2). Animal
models suggest a hormonal basis for the long-term protective
effect conferred by pregnancy (3). Marked changes in endog-
enous hormone concentrations occur during pregnancy (4),
and circulating endogenous hormones are associated with
breast cancer risk (5–9). Therefore, pregnancy-associated
changes in the hormonal milieu might influence the risk of
breast cancer later in life. This hypothesis has remained largely
unexplored.

Prior studies in nonpregnant premenopausal (5, 7) and
postmenopausal women (6, 8, 9) suggest a positive association
between circulating endogenous estrogen and androgen con-
centrations and breast cancer, but data on pregnant women
are sparse. During pregnancy, endogenous estradiol and pro-
gesterone are produced by the placenta; circulating concen-
trations increase several fold across pregnancy (4). As in
nonpregnant women, during pregnancy, androgens are pro-
duced by the ovaries and the adrenal cortex; the adrenal glands
and liver of the fetus are additional sources of androgens (10).
Circulating androgen concentrations increase more gradually
across gestation than those of estrogens and progesterone,
increasing approximately 2-fold between preconception and
the third trimester (4). In experimental models, mimicking the

1Division of Cancer Epidemiology, German Cancer Research Center
(DKFZ), Heidelberg, Germany. 2School of Health Sciences, University of
Tampere, Tampere, Finland. 3Finnish Cancer Registry, Institute for Statis-
tical and Epidemiological Cancer Research, Helsinki, Finland. 4Department
of Medical Biosciences, University of Umea

�
, Umea

�
, Sweden. 5Department

of Oncology, Tampere University Hospital, Tampere, Finland. 6Department
of Oncology, Oulu University, Finland. 7Department of Oncology, Helsinki
University Central Hospital and University of Helsinki, Helsinki, Finland.
8Department of Population Health, New York University School of Medi-
cine, New York, New York. 9New York University Cancer Institute, New
York University School of Medicine, New York, New York. 10Department of
Obstetrics and Gynecology, New York University School of Medicine, New
York, New York. 11Public Health and Clinical Medicine: Nutritional
Research, University of Umea

�
, Umea

�
, Sweden. 12Unit of Sexual and

Reproductive Health, National Institute for Health and Welfare, Oulu,
Finland.

Note: Supplementary data for this article are available at Cancer Research
Online (http://cancerres.aacrjournals.org/).

Corresponding Author: Ren�ee T. Fortner, Division of Cancer Epidemiol-
ogy, German Cancer Research Center (DKFZ), Im Neuenheimer Feld 280,
Heidelberg D-69120, Germany. Phone: 49-6221-42-2241; Fax: 49-6221-
42-2203; E-mail: r.fortner@dkfz.de

doi: 10.1158/0008-5472.CAN-14-2150

�2014 American Association for Cancer Research.

Cancer
Research

Cancer Res; 74(23) December 1, 20146958

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/74/23/6958/2715446/6958.pdf by guest on 19 M

ay 2023



hormonal effects of pregnancy on circulating estradiol and
progesterone concentrations significantly reduced the risk of
mammary tumors (3), suggesting that high concentrations of
these hormones during pregnancy may provide improved
protection.
There are only two prior studies on the association between

endogenous hormones during pregnancy and breast cancer
risk in the mother (11, 12), one of which is a subset of our
current study population (12). Peck and colleagues evaluated
third trimester hormone levels and subsequent breast cancer
risk, and observed an increased risk with high estrone, but not
estradiol, concentrations (11). In our initial report from the
Finnish Maternity Cohort (FMC; n ¼ 536 cases), high early
pregnancy estradiol was associated with higher breast cancer
risk amongwomen diagnosedwith breast cancer younger than
age 40 and with lower risk among those were diagnosed at age
40 or older (12). However, statistical power was limited in
subgroup analyses, and data on tumor steroid hormone recep-
tor status were not available.
The relationships between pregnancy, parity, and breast

cancer risk are complex and our understanding of the biologic
mechanisms underpinning these associations is still limited.
Therefore, we conducted a nested case–control study in the
prospective FMC to evaluate early pregnancy steroid hor-
mones in a primiparous pregnancy and subsequent breast
cancer risk.
We hypothesized that higher early pregnancy sex steroids

would be associated with decreased risk of breast cancer
among women with older age at diagnosis, particularly
ERþ/PRþ breast cancer, given that the protective effect of
parity is realizedwith increasing age (13, 14), and is observed in
hormone receptor–positive tumors (15). In addition, we
hypothesized that the increased risk observed among women
younger than age 40 in our previous analysis would be stron-
gest in hormone receptor–negative tumors, given the associ-
ation between pregnancy and hormone receptor–negative
breast cancer and experimental data, suggesting a role for
estradiol in hormone receptor–negative pregnancy-associated
breast cancer (16). To our knowledge, the present report is the
largest study on this topic and the only investigation by tumor
hormone receptor status.

Materials and Methods
The FMC is a nationwide initiative in Finland, established in

1983 to preserve serum samples drawn from pregnant women
for research use (12, 17). The cohort includes 98% of all
registered pregnancies with approximately 900,000 partici-
pants. Participants are recruited at the municipal maternity
care units that provide free-of-charge pre- and postnatal care
to all pregnant women. Clinical data enabling follow-up are
available through linkages with the nationwide registries in
Finland, including the Finnish Population Registry (includes
emigration and vital status), Finnish Birth Registry, and Finn-
ish Cancer Registry (data about cancer characteristics and
patient outcome). After registration of each new pregnancy
(usually during the latter part of the first trimester or early
weeks of the second), a blood sample is drawn for routine

screening tests; remaining serum specimens (usually 1–3 mL)
are stored for research purposes. Samples are stored at�25�C
at a central biorepository in Oulu, Finland. The study was
approved by the ethical committee of the National Institute for
Health and Welfare (Oulu, Finland).

Selection of eligible case and control subjects
Cases and controls were selected from primiparous preg-

nancies (i.e., first pregnancy resulting in a live birth) in the
FMC. To be eligible for selection as a case or control, parti-
cipants had to meet the following criteria: available serum
specimen, information about gestational age at the time of
blood collection, age < 40 at blood draw, blood sample pro-
vided within the first 140 days (20 weeks) of gestation, preg-
nancy led to full-term birth (pregnancy duration of 37–43
weeks), and singleton pregnancy. Mother's age at blood dona-
tion was used as a proxy for age at first birth.

Incident cancers were identified through a linkage with the
Finnish Cancer Registry. Reporting of cancer cases has been
mandatory by legislation in Finland since 1961; the registry has
close to 100% coverage of all diagnosed cancers (18). Eligible
cases had histologically confirmed invasive breast cancer,
donated a blood sample to the FMC before the diagnosis of
breast cancer, and had no history of in situ breast cancer or any
other invasive cancer (except nonmelanoma skin cancer).
Breast cancers included in this study were diagnosed from
1988 through 2007. Two randomly selected controls were
matched to each case on age (�6 months) and date of blood
collection (�3 months) from the eligible cohort subjects with
no prior diagnosis of in situ or invasive breast cancer or any
other invasive cancer (except nonmelanoma skin cancer) at
the date of diagnosis of their matched case.

Laboratory assays
Serum estradiol, estrone, progesterone, and testosterone

were measured using high-performance liquid chromatogra-
phy/tandem mass spectrometry, performed with an Applied
Biosystems API4000 triple stage quadrupole mass spectrom-
eter. Laboratory assays were conducted at the Department of
Clinical Chemistry, Umea

�
University, (Umea

�
, Sweden). Cases

and control samples were analyzed in the same batch along-
side blinded quality control samples. The intrabatch coeffi-
cient of variation (CV) ranged from7.2% (for estradiol) to 13.3%
(for testosterone); the interbatch CVs ranged from 7.2% (estra-
diol) to 18.7% (testosterone).

Statistical analyses
We applied a log2 transformation to improve the normality

of the hormone data distributions and to allow estimation of
the effect of a doubling of the concentrations on breast cancer
risk (a 1-unit increase in log2-transformed hormone concen-
tration corresponds to a doubling). Outliers were defined as
values exceeding three times the interquartile range; a single
outlier for progesterone was identified. This outlier was
excluded as it was identified as an influential data point in
subsequent analyses investigating the linearity of the asso-
ciations. However, exclusion of this single value did not
meaningfully impact the effect estimates. We examined the
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possibility of a nonlinear relation between the investigated
hormones and breast cancer risk nonparametrically with
restricted cubic splines (19). Tests for nonlinearity used the
likelihood ratio test, comparing themodel with only the linear
term to the model with the linear and the cubic spline terms.
Conditional logistic regression was used to estimate ORs and
95% confidence intervals (CI). We defined quartiles using the
hormone concentration distribution of the controls. Tests for
trend were carried out by entering an ordered quartile
exposure variable into the models.

Family history of breast cancer, number of pregnancies,
parity at breast cancer diagnosis, use of assisted reproductive
technology, and smoking during pregnancy were evaluated as
potential confounders. With the exception of family history of
breast cancer, adjusting for these factors caused negligible
difference in the effect estimates (<10% change in the ORs). All
models control for gestational age at blood collection given
established associations between gestational age and circulat-
ing hormones. Therefore, gestational age and family history of
breast cancer were retained in the final models.

We examined associations by hormone receptor status and
conducted analyses stratified by age at first birth (categorized
as <30 vs. �30 years), age at breast cancer diagnosis (<40 vs.
�40 years), number of pregnancies at the time of blood sample
collection (1 vs. >1), and the time interval between blood
sampling and breast cancer diagnosis (<5 vs. �5 years and
<10 vs. �10 years). Matched sets were retained in stratified
analyses. Heterogeneity between the effect estimates (Phet) was
tested with the c2 test (20). All calculations were done using
SAS 9.3. Two-sided P values <0.05 were considered statistically
significant.

Results
The study population included 1,199 cases and 2,281

matched controls. The median age at first birth was 30 years
(range: 18–40; Table 1). Themajority of cases and controls were
multiparous at the time of breast cancer diagnosis. Cases and
controls were largely similar with respect to pregnancy char-
acteristics, except that cases weremore likely to have a positive
family history of breast cancer (11% of cases vs. 5% of controls;
P < 0.001) and cases were more likely to be multiparous than
controls at diagnosis/selection as a control (P ¼ 0.04).

The median age at the time of breast cancer diagnosis was
41.2 years (range, 21.7–58.1), and a median of 10.9 years (range,
1.1–21.0) elapsed between the first birth and breast cancer
diagnosis. A total of 687 cases (57%) had tumor estrogen
receptor (ER) and progesterone receptor (PR) expression data
available. Of tumors with ER and PR status available, 67% were
classified ER- and PR-positive (ERþ/PRþ) and 25% were clas-
sified ER�/PR�, according to local pathology reports. As
expected, a higher proportion of breast cancers diagnosed
within 5 years of first birth were ER�/PR� as compared with
tumors diagnosed 5 or more years since the first birth (P ¼
0.03).

There were no significant associations between circulating
steroid hormone concentrations and risk of breast cancer
overall (Table 2). In subgroup analyses, age at first birth and

age at breast cancer diagnosis modified the associations
between circulating steroid hormone levels and breast cancer
risk. High serum estradiol was associated with an increased
risk of breast cancer among women diagnosed with breast
cancer at a relatively young age [age at diagnosis <40, 4th vs. 1st
quartile OR: 1.60 (95% CI: 1.07–2.39), Ptrend¼ 0.01], whereas we
observed an inverse association in women diagnosed with
breast cancer at age 40 or older (4th vs. 1st quartile OR: 0.71
(0.51–1.00), Ptrend ¼ 0.02; Phet<0.01). High serum testosterone
was only associated with an increased risk of breast cancer in
the subset of women diagnosed younger than age 40 [4th vs. 1st
quartile ORs, age < 40: 1.39 (0.99–1.96), Ptrend ¼ 0.02; age � 40:
1.00 (0.75–1.34), Ptrend ¼ 0.68; Phet ¼ 0.15]. No significant
associations emerged between circulating estrone or proges-
terone and breast cancer risk.

We next evaluated the effect of steroid hormone concen-
trations on risk of breast cancer by hormone receptor
subtype in analyses stratified by age at first birth (age <30
vs. �30) and age at diagnosis (age <40 vs. �40; Table 3).
Associations for ERþ/PRþ tumors were similar regardless of
age at first birth or age at diagnosis (e.g., estradiol: age at
diagnosis <40, OR: 0.96 (0.72–1.30); age at diagnosis �40, OR:
0.93 (0.74–1.16); Phet ¼ 0.83). Higher concentrations of serum
estradiol, progesterone, and testosterone were significantly
associated with an increased risk of ER�/PR� cancer in
women younger than 40 at diagnosis [e.g., estradiol: OR:
1.48 (1.00–2.17)], whereas we observed no significant asso-
ciations between steroid hormones and ER�/PR� cancers in
women older than 40 years at diagnosis [e.g., estradiol: OR:
0.87 (0.55–1.39); Phet ¼ 0.09]. Results stratified by age at first
birth were similar to those stratified by age at diagnosis. All
associations were linear after exclusion of the single pro-
gesterone outlier; exclusion of the outlier resulted in essen-
tially no change in the observed associations [e.g., age at first
birth �30 before exclusion of outlier: OR 1.01 95% CI (0.84–
1.21); after exclusion: OR 1.01 (0.84–1.22)].

In a sensitivity analysis, we classified cases into four groups
based on both age at first birth and age at breast cancer
diagnosis (age at first birth/age at diagnosis <30/<40 years,
<30/�40 years,�30/<40 years, and�30/�40 years) to evaluate
the joint effects of these variables on the associations between
serum hormone concentrations and breast cancer risk (Table
4). The associations between endogenous hormone concen-
trations and breast cancer risk stratified by age at diagnosis
(<40 vs.�40)were similar regardless of age atfirst birth (<30 vs.
�30) overall and for ERþ/PRþ tumors. All four hormones were
significantly associated with an increased risk of ER�/PR�

breast cancer among women with both age at first birth <30
and age at diagnosis <40 (estradiol, ORlog2 1.72, 95% CI 1.11–
2.67; estrone, ORlog2 1.44, 95% CI 1.02–2.05; progesterone,
ORlog2 1.99, 95% CI 1.04–3.82; testosterone, ORlog2 1.67, 95%
CI 1.13–2.47).

We observed no significant heterogeneity in analyses strat-
ified by the time between age at first birth and breast cancer
diagnosis (<5 years vs.�5 years or <10 years vs.�10 years), and
in analyses stratified by number of pregnancies (1 vs. >1).
Progesterone and testosterone were suggestively more
strongly associated with ER�/PR� tumors diagnosed <10 vs.
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�10 years of first birth; however, neither the heterogeneity nor
the effect estimates were statistically significant [e.g., proges-
terone:<10 years, OR1.91 (0.99–3.70);�10 years, OR: 1.04 (0.59–

1.82); Phet ¼ 0.17; Table 5)]. To investigate whether the
observed associations among women <40 at diagnosis were
due to shorter time between first birth and diagnosis, we

Table 1. Baseline characteristics of breast cancer cases and controls: FMC (n ¼ 3,480)

Cases Controls

Characteristicsa
n ¼ 1,199
n (%)

n ¼ 2,281
n (%) Pb

Age at blood collection, y 30.3 (18.4–40.0) 30.2 (18.0–40.0) c

Gestational age at blood collection, days 73 (38–136) 73 (35–139) 0.06
No. of pregnancies at diagnosis/selection as control
1 290 (25%) 610 (27%) 0.06
>1 890 (75%) 1,619 (73%)

No. of births at diagnosis/selection as control
1 434 (36%) 757 (33%) 0.04
2 537 (45%) 1,055 (46%)
>3 228 (19%) 469 (21%)

Time between the first and the second birth, y 2.4 (0.8–13.8) 2.4 (0.9–14.6) 0.99
Use of assisted reproductive technology, index pregnancy
No 1,162 (98%) 2,212 (98%) 0.90
Yes 27 (2%) 52 (2%)

Hospitalization during pregnancy
No 1,034 (87%) 1,943 (86%) 0.36
Yes 155 (13%) 321 (14%)

Smoking
No 974 (84%) 1,916 (87%) 0.06
Yes 183 (16%) 299 (13%)

Family history of breast cancer
No 1,075 (90%) 2,157 (95%) <0.001
Yes 124 (11%) 124 (5%)

Endogenous hormone concentrationsd

Estradiol (ng/mL) 1.81 (1.74–1.87) 1.73 (1.68–1.78) 0.04
Estrone (ng/mL) 0.78 (0.75–0.81) 0.74 (0.72–0.77) 0.06
Progesterone (ng/mL) 26.2 (25.5–26.8) 25.3 (24.9–25.8) 0.03
Testosterone (ng/mL) 0.90 (0.87–0.92) 0.87 (0.85–0.89) 0.09

Case characteristics
Median age at breast cancer diagnosis (range) 41.2 (21.7–58.1) —

Median time between blood donation and cancer diagnosis, years (range) 10.9 (1.1–21.0) —

Histology
Ductal 958 (80%) —

Lobular 167 (14%) —

Medullary 29 (2%) —

Other 43 (4%) —

Stage
Stage 1 455 (38%) —

Stage 2–4 562 (47%) —

Unknown 182 (15%) —

Hormone receptor status
ER�/PR� 162 (25%) —

ERþ/PR� 57 (9%) —

ERþ/PRþ 437 (67%) —

aValues are n (%) or median (range).
bConditional logistic regression models were used to compare differences between cases and matched controls.
cMatching factor.
dHormones are geometric mean (range); adjusted for gestational age.
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examined risk based on both age at diagnosis and time
between first pregnancy and diagnosis (age at diagnosis/years
between first birth and diagnosis; <40/<10; <40/�10;�40/<10;
�40/�10; Supplementary Table S1). The association between
estrone and ER�/PR� breast cancer among women �40 at
diagnosis was significantly different comparing women with
<10 versus �10 years between first birth and diagnosis (P ¼
0.03); however, neither of the effect estimates were statistically
significant [age at diagnosis/years between first birth and
diagnosis: �40/<10 OR 1.49 (0.79–2.82); �40/�10: OR 0.63
(0.40–1.02)] and this subgroup had relatively few cases
(�40/<10: n ¼ 17 cases; �40/�10: n ¼ 48 cases).

Discussion
In the largest study on early pregnancy hormones and breast

cancer, higher concentrations of steroid hormones were asso-

ciated with breast cancer risk in women with first birth before
age 30 or diagnosed with breast cancer before age 40. These
associations were strongest for ER�/PR� tumors. Early preg-
nancy estradiol appeared to be associated with decreased risk
in women age 40 or older at diagnosis. We observed no
associations between the evaluated hormones and breast
cancer overall or in ERþ/PRþ tumors.

The relationship between pregnancy and breast cancer in
humans is complex. An initial pregnancy-associated transient
increase in risk shifts to a parity-associated reduction in risk
more than a decade after pregnancy. Furthermore, these
associations differ by age at first birth. Younger age at first
birth (i.e., age <25) is associated with shorter time from
pregnancy to parity-associated reduction in risk (1, 21) and
parity with older age at first birth (i.e., age �35) is associated
with a persistent deleterious effect (22, 23). Furthermore, the

Table 2. First trimester circulating endogenous hormone concentrations and breast cancer risk: FMC
(n ¼ 3,480)

Quartile 1 Quartile 2 Quartile 3 Quartile 4

Hormone Cases/controls OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) Ptrend Phet
a

Estradiol
Overall 1,192/2,261 ref. 0.92 (0.74–1.14) 0.87 (0.70–1.09) 1.00 (0.77–1.29) 0.86
ERþ/PRþ 434/813 ref. 0.97 (0.68–1.36) 0.76 (0.52–1.11) 0.96 (0.63–1.47) 0.57 0.78
ER�/PR� 162/311 ref. 1.69 (0.92–3.11) 1.29 (0.70–2.35) 1.08 (0.53–2.20) 0.93
Age at first birth <30 years 565/1,079 ref. 1.05 (0.76–1.44) 1.13 (0.82–1.57) 1.35 (0.93–1.95) 0.11 0.02
Age at first birth �30 years 627/1182 ref. 0.80 (0.60–1.08) 0.67 (0.49–0.92) 0.74 (0.51–1.06) 0.06
Age at diagnosis <40 years 510/979 ref. 1.05 (0.75–1.48) 1.26 (0.89–1.79) 1.60 (1.07–2.39) 0.01 <0.01
Age at diagnosis �40 years 682/1,282 ref. 0.85 (0.64–1.12) 0.68 (0.51–0.91) 0.71 (0.51–1.00) 0.02

Estrone
Overall 1,192/2,262 ref. 0.99 (0.80–1.21) 0.95 (0.76–1.17) 1.07 (0.85–1.36) 0.68
ERþ/PRþ 434/814 ref. 1.01 (0.71–1.43) 0.83 (0.59–1.17) 1.06 (0.72–1.56) 0.88 0.51
ER�/PR� 162/311 ref. 1.40 (0.75–2.61) 1.59 (0.89–2.84) 1.36 (0.71–2.60) 0.32
Age at first birth <30 years 565/1,079 ref. 1.03 (0.76–1.40) 1.19 (0.87–1.61) 1.20 (0.85–1.69) 0.21 0.36
Age at first birth �30 years 627/1,183 ref. 0.94 (0.71–1.26) 0.76 (0.57–1.03) 0.97 (0.70–1.33) 0.52
Age at diagnosis <40 years 510/979 ref. 1.01 (0.72–1.41) 1.18 (0.84–1.64) 1.38 (0.96–2.00) 0.06 0.07
Age at diagnosis �40 years 682/1,283 ref. 0.97 (0.74–1.27) 0.81 (0.61–1.08) 0.89 (0.65–1.21) 0.27

Progesterone
Overall 1,192/2,262 ref. 1.01 (0.82–1.25) 1.06 (0.85–1.31) 1.14 (0.90–1.45) 0.24
ERþ/PRþ 434/813 ref. 1.06 (0.75–1.51) 1.09 (0.76–1.57) 0.96 (0.64–1.43) 0.86 0.17
ER�/PR� 162/311 ref. 1.21 (0.66–2.20) 1.19 (0.64–2.23) 1.64 (0.86–3.15) 0.16
Age at first birth <30 years 565/1,080 ref. 1.11 (0.83–1.49) 1.16 (0.85–1.58) 1.33 (0.95–1.88) 0.11 0.22
Age at first birth �30 years 627/1,182 ref. 0.90 (0.67–1.22) 0.95 (0.69–1.29) 0.99 (0.71–1.37) 0.92
Age at diagnosis <40 years 510/980 ref. 1.07 (0.78–1.46) 1.09 (0.78–1.52) 1.13 (0.78–1.64) 0.52 0.97
Age at diagnosis �40 years 682/1,282 ref. 0.96 (0.72–1.28) 1.02 (0.77–1.37) 1.14 (0.84–1.55) 0.33

Testosterone
Overall 1,190/2,260 ref. 1.03 (0.84–1.27) 1.29 (1.06–1.59) 1.14 (0.92–1.43) 0.07
ERþ/PRþ 433/813 ref. 1.01 (0.71–1.44) 1.43 (1.03–1.99) 0.98 (0.68–1.43) 0.48 0.78
ER�/PR� 162/311 ref. 1.08 (0.62–1.87) 1.28 (0.73–2.24) 1.08 (0.61–1.93) 0.66
Age at first birth <30 years 564/1,078 ref. 1.07 (0.77–1.49) 1.45 (1.06–1.99) 1.26 (0.91–1.76) 0.07 0.44
Age at first birth �30 years 626/1,182 ref. 1.02 (0.78–1.34) 1.19 (0.91–1.56) 1.06 (0.78–1.43) 0.44
Age at diagnosis <40 years 509/978 ref. 1.14 (0.81–1.61) 1.53 (1.10–2.13) 1.39 (0.99–1.96) 0.02 0.15
Age at diagnosis �40 years 681/1,282 ref. 0.99 (0.76–1.29) 1.16 (0.89–1.52) 1.00 (0.75–1.34) 0.68

NOTE: Conditional logistic regression models adjusted for gestational age at blood donation and family history of breast cancer.
aPhet comparing ERþ/PRþ vs. ER�/PR�, age at first birth <30 versus �30 years, or age at diagnosis <40 versus � 40 years.
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transient increase in risk is more pronounced for hormone
receptor–negative tumors, whereas the protective effect of
parity is restricted to hormone receptor–positive tumors
(13, 24). Breastfeeding is also associated with risk of breast
cancer, with suggestively stronger protective effects for hor-
mone receptor–negative disease (15).While themechanisms of
parity-induced protection in humans are still under investi-
gation, animalmodels provide strong, consistent evidence that
the hormonal milieu of pregnancy protects against mammary
tumors (reviewed in ref. 3). Tumorigenesis is substantially
lower in parous versus nulliparous rodents treated with car-
cinogen, with similar results for nulliparous rodents treated
with estradiol and progesterone to mimic the effect of preg-
nancy (3).

Endogenous hormones and breast cancer have been exten-
sively studied outside of pregnancy, but little is known about
hormones in pregnancy and subsequent breast cancer risk. In
the only study to date outside of the FMC, Peck and colleagues
(case n ¼ 194) evaluated third trimester hormone concentra-
tions and breast cancer risk and reported an inverse associ-
ation for progesterone (OR, extreme deciles: 0.49 (0.22–1.1);
Ptrend ¼ 0.08), a positive association for estrone (OR, extreme
deciles: 2.5 (1.0–6.1); Ptrend ¼ 0.12), and no association for
estradiol or estriol (11). We found no association between
estrone or progesterone and breast cancer overall. The dis-
crepant findings between the two studies may be due to the
difference in gestational age at blood collection [Peck and
colleagues:mean, 34.5weeks (range, 26–42weeks); FMC:mean,

Table 3. Doubling of the endogenous circulating steroid hormone concentrations and breast cancer risk:
FMC (n ¼ 3,480)

Cases/controls OR (95% CI) Cases/controls OR (95% CI) Phet
a

Estradiol Age at first birth <30 years Age at first birth �30 years
Overall 565/1,079 1.12 (0.97–1.31) 627/1,182 0.91 (0.79–1.05) 0.05
ERþ/PRþ 175/333 1.02 (0.77–1.33) 259/480 0.91 (0.72–1.15) 0.54
ER�/PR� 100/193 1.53 (1.05–2.23) 62/118 0.71 (0.43–1.19) 0.02

Estrone
Overall 565/1,079 1.08 (0.96–1.22) 627/1,183 0.96 (0.86–1.07) 0.13
ERþ/PRþ 175/333 0.99 (0.81–1.21) 259/481 0.99 (0.83–1.18) 0.99
ER�/PR� 100/193 1.27 (0.95–1.70) 62/118 0.87 (0.62–1.21) 0.09

Progesterone
Overall 565/1,080 1.22 (0.98–1.51) 627/1,183 1.01 (0.84–1.21) 0.19
ERþ/PRþ 175/333 0.97 (0.66–1.44) 259/480 0.89 (0.66–1.22) 0.74
ER�/PR� 100/193 1.82 (1.02–3.23) 62/118 0.82 (0.41–1.65) 0.09

Testosterone
Overall 564/1,078 1.15 (0.98–1.35) 626/1,182 1.04 (0.90–1.20) 0.36
ERþ/PRþ 175/333 1.08 (0.81–1.44) 258/480 1.08 (0.86–1.34) 0.98
ER�/PR� 100/193 1.49 (1.04–2.14) 62/118 0.73 (0.44–1.23) 0.03

Age at diagnosis <40 years Age at diagnosis �40 years
Estradiol
Overall 510/979 1.22 (1.04–1.44) 682/1,282 0.87 (0.76–1.00) 0.002
ERþ/PRþ 149/284 0.96 (0.72–1.30) 285/529 0.93 (0.74–1.16) 0.83
ER�/PR� 97/188 1.48 (1.00–2.17) 65/123 0.87 (0.55–1.39) 0.09

Estrone
Overall 510/979 1.15 (1.01–1.30) 682/1,283 0.92 (0.83–1.02) 0.01
ERþ/PRþ 149/284 0.98 (0.78–1.23) 285/530 0.98 (0.83–1.15) 0.99
ER�/PR� 97/188 1.27 (0.95–1.71) 65/123 0.87 (0.62–1.23) 0.10

Progesterone
Overall 510/980 1.11 (0.88–1.39) 682/1282 1.09 (0.91–1.30) 0.91
ERþ/PRþ 149/284 0.79 (0.52–1.21) 285/529 0.99 (0.73–1.33) 0.41
ER�/PR� 97/188 2.05 (1.13–3.71) 65/123 0.80 (0.41–1.55) 0.04

Testosterone
Overall 509/978 1.16 (0.98–1.36) 681/1282 1.05 (0.91–1.20) 0.35
ERþ/PRþ 149/284 1.07 (0.79–1.45) 284/529 1.08 (0.87–1.33) 0.98
ER�/PR� 97/188 1.62 (1.13–2.33) 65/123 0.62 (0.36–1.05) 0.004

NOTE: Conditional logistic regression models adjusted for gestational age at blood donation and family history of breast cancer.
aPhet comparing age at first birth <30 versus �30 years or age at diagnosis <40 versus � 40 years.
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11.6 weeks (range, 5.0–19.9 weeks] and differences in hormone
concentrations and breast differentiation in early versus late
pregnancy.

Along with changes in the hormonal milieu, the breast
undergoes differentiation during pregnancy, reaching full dif-
ferentiation in the final trimester (25, 26). The protective effect
of parity is evident for full-term pregnancies (27), but not
interrupted pregnancies (28) or those ending in early preterm
delivery (29), suggesting that the full differentiation achieved in
the third trimester is necessary for the long-term protective
effect of pregnancy. We quantified hormone exposure during

the early stages of pregnancy-associated breast differentiation.
There are limited data on correlations between consecutive
trimesters of a single pregnancy for individual hormones
(i.e., correlation between women's estradiol concentrations in
the first versus second or first versus third trimesters). How-
ever, ongoing work in our group suggests significant correla-
tions between first and second trimester estradiol (r ¼ 0.60;
P ¼ 0.004), estrone (r ¼ 0.76; P < 0.01) and testosterone (r ¼
0.74; P < 0.01), and first and third trimester estrone (r ¼ 0.67;
P < 0.01) and testosterone (r¼ 0.67; P<0.01). Progesterone was
not significantly correlated between the first and second

Table 4. Doubling of circulating endogenous hormones and breast cancer risk, by age at first birth and age
at diagnosis: FMC (n ¼ 3,480)

Age at diagnosis <40 years Age at diagnosis �40 years

Cases/controls OR (95% CI) Phet
a Cases/controls OR (95% CI) Phet

a

Age at first birth <30 years
Estradiol
Overall 384/738 1.20 (1.00–1.45) 181/341 0.96 (0.73–1.26)
ERþ/PRþ 108/206 0.92 (0.65–1.31) 0.03 67/127 1.12 (0.72–1.75) 0.75
ER�/PR� 77/150 1.72 (1.11–2.67) 23/43 0.95 (0.38–2.41)

Estrone
Overall 384/738 1.17 (1.01–1.35) 181/341 0.91 (0.75–1.12)
ERþ/PRþ 108/206 0.97 (0.74–1.27) 0.08 67/127 0.98 (0.71–1.35) 0.46
ER�/PR� 77/150 1.44 (1.02–2.05) 23/43 0.71 (0.33–1.56)

Progesterone
Overall 384/739 1.16 (0.89–1.51) 181/341 1.33 (0.90–1.95)
ERþ/PRþ 108/206 0.84 (0.52–1.38) 0.04 67/127 1.18 (0.61–2.29) 0.92
ER�/PR� 77/150 1.99 (1.04–3.82) 23/43 1.10 (0.31–3.89)

Testosterone
Overall 383/737 1.17 (0.96–1.41) 181/341 1.11 (0.84–1.49)
ERþ/PRþ 108/206 1.03 (0.72–1.49) 0.08 67/127 1.16 (0.71–1.88) 0.24
ER�/PR� 77/150 1.67 (1.13–2.47) 23/43 0.55 (0.17–1.74)

Age at first birth �30 years
Estradiol
Overall 126/241 1.31 (0.93–1.84)b 501/941 0.84 (0.71–0.99)b

ERþ/PRþ 41/78 1.11 (0.63–1.97) 0.33 218/402 0.87 (0.68–1.13) 0.71
ER�/PR� 20/38 0.61 (0.21–1.78) 42/80 0.77 (0.43–1.40)

Estrone
Overall 126/241 1.09 (0.86–1.39) 501/942 0.93 (0.82–1.05)
ERþ/PRþ 41/78 1.03 (0.66–1.61) 0.60 218/403 0.98 (0.81–1.19) 0.76
ER�/PR� 20/38 0.84 (0.45–1.55) 42/80 0.92 (0.61–1.37)

Progesterone
Overall 126/241 0.97 (0.62–1.53) 501/941 1.03 (0.84–1.26)
ERþ/PRþ 41/78 0.64 (0.26–1.56) 0.10 218/402 0.94 (0.67–1.31) 0.32
ER�/PR� 20/38 2.62 (0.61–11.20) 42/80 0.59 (0.25–1.38)

Testosterone
Overall 126/241 1.14 (0.83–1.58) 500/941 1.02 (0.87–1.20)
ERþ/PRþ 41/78 1.19 (0.67–2.09) 0.90 217/402 1.06 (0.83–1.35) 0.10
ER�/PR� 20/38 1.28 (0.47–3.46) 42/80 0.61 (0.33–1.13)

NOTE: Conditional logistic regression models adjusted for gestational age at blood donation and family history of breast cancer.
aHeterogeneity between ERþ/PRþ and ER�/PR�.
bPdifference < 0.05 comparing age at diagnosis <40 to �40 years; no significant heterogeneity by age at first birth.
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trimesters (r ¼ 0.07; P ¼ 0.76) and estradiol and progesterone
were not significantly correlated between the first and third
trimesters (estradiol: r¼ 0.42; P¼ 0.06; progesterone: r¼ 0.25;
P ¼ 0.28; H. Schock, personal communication). Therefore, our
early pregnancy hormone measures are likely a reasonable
proxy for estrone and testosterone in late pregnancy, at the
stage of full differentiation, whereas estradiol and progester-
one in early pregnancy may not be reflective of late pregnancy
concentrations.
We observed heterogeneity in the associations between

pregnancy hormones and breast cancer risk by age at first
birth and age at diagnosis. Estradiol was positively associated
with tumors among women with age at first birth <30 or age at
diagnosis <40 and inversely associated with risk in women
diagnosed age �40. The increased risk in women with age at
first birth <30 or age at diagnosis <40 was driven by positive
associationswith ER�/PR� tumors. ER�/PR� tumors aremore
common in women with young age at diagnosis (30) and with
pregnancy-associated breast cancers (2). These results are in
line with data from experimental models of pregnancy-asso-
ciated tumors (16), and the protective effect of bilateral oopho-
rectomy against breast cancer in BRCA1 carriers, notable given
the high proportion of ER� tumors in this population (31).
Endogenous hormones increase risk of these tumors via para-
crine mechanisms including the receptor activator of NF-kB
ligand (RANKL; ref. 32), EGFR, and Notch signaling pathways
(33). ER data for this study, and most epidemiologic studies,
reflect expression of ER-a, the ER measured clinically. Expres-
sion of an additional ER, ER-b, may also be important in ER-

a–negative breast cancer (34–37). A proportion of the ER�

/PR� tumors in the current study may be estrogen responsive
due to expression of ER-b. The inverse associations observed in
women diagnosed age�40 are in line with the expected parity-
associated decrease in breast cancer risk. Data from experi-
mental models suggest mimicking pregnancy with estradiol
and progesterone affords protection against breast cancer
similar to that of parity (3), with some suggestion of lower
risk at higher hormone concentrations. Our findings of
decreased risk of breast cancer after age 40 with higher early
pregnancy estradiol are in agreement with these experimental
studies.

Our study has important strengths and limitations. The
FMC is uniquely positioned to investigate endogenous hor-
mones in pregnancy and subsequent disease risk. This study
is the largest to date, and the first to evaluate pregnancy
hormones and breast cancer risk by hormone receptor
subtype. A limitation of this study was the availability of
a single measure of hormones in early pregnancy. Hence, we
were unable to address changes in hormone concentrations
across pregnancy and breast cancer risk. Coefficients of
variation for evaluated hormones were as high as 18.7%
(testosterone), introducing measurement error. Given that
matched case–control sets were assayed in the same ana-
lytical batch, we do not expect this would result in bias, but
rather would result in nondifferential misclassification of
exposure and a potential attenuation of results. An addi-
tional limitation of our study is lack of information on
breastfeeding. Parity is positively associated with ER� breast

Table 5. Doubling of circulating endogenous hormones and breast cancer risk, by time between first birth
and diagnosis: FMC (n ¼ 3,480)

Years between first birth and diagnosis

<10 years �10 years

Cases/controls OR (95% CI) Cases/controls OR (95% CI) Phet
a

Estradiol
Overall 514/984 1.00 (0.85–1.17) 678/1,277 1.02 (0.88–1.17) 0.89
ERþ/PRþ 173/326 0.87 (0.66–1.16) 261/487 1.01 (0.80–1.27) 0.43
ER�/PR� 83/161 1.32 (0.87–2.00) 79/150 1.07 (0.72–1.59) 0.47

Estrone
Overall 514/985 1.03 (0.91–1.16) 678/1,277 1.00 (0.90–1.11) 0.72
ERþ/PRþ 173/327 1.00 (0.82–1.23) 261/487 0.98 (0.82–1.16) 0.84
ER�/PR� 83/161 1.13 (0.84–1.52) 79/150 1.02 (0.75–1.40) 0.66

Progesterone
Overall 514/986 0.98 (0.79–1.21) 678/1,276 1.21 (1.00–1.46) 0.15
ERþ/PRþ 173/327 0.88 (0.60–1.27) 261/486 0.97 (0.70–1.34) 0.69
ER�/PR� 83/161 1.91 (0.99–3.70) 79/150 1.04 (0.59–1.82) 0.17

Testosterone
Overall 514/986 1.06 (0.91–1.24) 676/1,274 1.13 (0.97–1.30) 0.58
ERþ/PRþ 173/327 1.11 (0.85–1.44) 260/486 1.07 (0.84–1.35) 0.84
ER�/PR� 83/161 1.47 (0.95–2.27) 79/150 0.98 (0.66–1.46) 0.18

NOTE: Conditional logistic regression models adjusted for gestational age at blood donation and family history of breast cancer.
aPhet between <10 and �10 years between first pregnancy and diagnosis.
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cancer (38), with data suggesting this association is medi-
ated by breastfeeding (39–41) and we were unable to
account for this factor. Furthermore, we did not have data
on age at menarche or menopause, or subsequent postmen-
opausal hormone therapy use, and thus could not evaluate
the effect of adjusting for these factors. Finally, we did not
statistically adjust for multiple comparisons and we cannot
exclude that some of our findings are due to chance.

This study provides novel data on the association between
early pregnancy hormones and risk of breast cancer by age at
first birth and age at diagnosis by hormone receptor status. Our
data suggest that higher early pregnancy estradiol concentra-
tions are positively associatedwith risk of breast cancer among
women diagnosed before age 40. Furthermore, we observed
significant positive associations between early pregnancy hor-
mones and ER�/PR� breast cancer in women with age at first
birth before age 30 or diagnosed before age 40, and a protective
effect for women diagnosed at age 40 or older. Future studies
designed to evaluate pregnancy hormone concentrations and
risk of breast cancer by age at first birth and diagnosis and time
since pregnancy, aswell as changes in hormone concentrations
across pregnancy, are needed to increase our understanding of
the mechanisms underlying the associations between preg-
nancy and breast cancer.
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