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In-utero and early life exposures in relation to risk of breast cancer
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Abstract

Objectives: In response to a hypothesis by Trichopoulos that risk of adult breast cancer is related to high estrogen
exposure in utero, studies have been undertaken using proxy indicators of prenatal estrogens. The epidemiologic
studies addressing these early factors will be reviewed, consistency with proposed biologic mechanisms will be
addressed and recommendations for future research will be presented.

Methods: All studies identified in the literature addressing these in utero and early life factors related to adult breast
cancer will be included in the review. The study results will be summarized by risk factor, followed by commentary
on the findings.

Results: Review of epidemiologic studies suggests strong risks related to having been born of a twin pregnancy and
reduced risks from a preeclamptic or eclamptic pregnancy. Birthweights greater than 4000 grams have been
associated with relative risks of 1.5-1.7 for breast cancer compared with normal birthweights (2500~2999 grams).
Having been breastfed as an infant has been associated with a 20-35% reduction in risk of premenopausal breast
cancer in four of six studies evaluating this factor. Some studics suggest an influence of older maternal age, perhaps
only for firstborn offspring, but the data are not consistent. Smoking during the pregnancy does not seem to impart
any risk for the daughter, severe nausea for two or three trimesters may be related to increased risk, and results are
inconsistent for birth length, placental weight and gestational age.

Conclusion: Although the results from epidemiologic studies assessing prenatal exposures are consistent with the
hypothesis concerning estrogen exposure, the specific biologic mechanisms remain largely unknown. Relatively few
epidemiologic studies have been published addressing these novel hypotheses; more studies with innovative research
methods and analytic approaches are warranted to evaluate these exposures in the distant past.

Introduction tially increased rates are observed among the generation
born in the adoptive country [2]. These changes in rates

There is wide international variation in rates of breast and the similarity of rates between the second-genera-

cancer, and migrant studies provide compelling evidence
that environmental and not genetic differences are
responsible for the international variation [1]. Risks
among the first-generation immigrants from countries of
low incidence, particularly Asians, to countries of high
incidence show some elevation in rates, and substan-
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tion immigrants and those of the host country have led
to hypotheses that environmental exposure early in life
may explain the observed variation in rates across
populations [1, 3, 4].

Data from animal studies and natural experiments in
human populations provide leads to the importance of
both in utero and childhood exposures. In animal model
systems, adult carcinogens administered during a preg-
nancy result in mammary tumors among the mature
offspring, suggesting an influence of the in utero envi-
ronment [5, 6]. It is of interest that the tumors present in
adult animals and not in the young animals. In rodent
model systems, cxposure to a carcinogenic agent in utero
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followed by exposure to a tumor promoter postnatally
demonstrated that both factors are necessary for tumor
manifestation [7]. Dicts high in fat during a pregnancy
have been related to increased levels of estradiol in the
pregnant animals and to increases in mammary tumors
in the first-generation female offspring [8]. In another
rodent system, exposure to high dictary fat during
geslation of one generation resulted in more aggressive
mammary tumors in second-generation offspring who
had cxperienced low-fat diets during their gestation [9).
These results are consistent with multigenerational effect
of nutrition during gestation on birthweight observed in
humans [10]. The evidence from other human studies are
limited but suggestive of prenatal or childhood influ-
ences on risk of adult disease. The observed excess
relative risk (ERR) of breast cancer among atomic
bomb survivors who were less than 20 years old
(ERR = 2.4,90% CI = 1.6-3.4) compared with wom-
en who were older at the time of the bombing
(ERR = 1.3, 90% CI = 0.8-1.9 for 20-39 ycars of
age, and 0.5, 90% CI = 0.0-1.3 for 240 years of age)
provides strong evidence for a vulnerable time period
[11]. Among women younger than age 20, risk was
nonsignificantly greater for those 0-9 (ERR = 3.2, 90%
Cl = 1.5-6.1) at the time of the bombing than for thase
ages 10-19 (ERR = 2.2, 90% CI = 1.4-3.3) [I1]. In
another example of radiation exposure at young ages,
irradiation of the thymus in infancy was associated with
significantly increased risk of early-onset breast cancer
among young women (RR = 3.6, 95% CI = 1.8-7.3)
[12]. Finally, it has been known for over 20 yecars that
DES exposure in utere results in vaginal adenocarcino-
ma in young adulthood for the women exposed [13]. It is
still unclear whether DES ecxposure will result in
increased risk of breast cancer umong female offspring
[14]). Nonetheless, these data suggest an influence of
in utero and carly postnatal environment on adult
cancer risk, but the relevance of irradiation or synthetic
estrogen to typical later-onset disease is unknown.

A variety of studics have shown associations between
early life environment and other chronic diseases of
adulthood, particularly cardiovascular disease and its
risk factors. More extensive reviews of the literature for
cardiovascular disease can be found elscwhere [15, 16],
but some highlights relevant to the breast cancer studies
will be mentioned. Ecologic data have shown associa-
tions between low birthweight and low weight at 1 year
with ischemic hcart disease mortality (standardized
mortality ratios (SMR) = 111 for <18 pounds at |
year vs. SMR = 42 for 227 pounds at | year) and with
chronic obstructive lung disease (SMRs = 129 and 29,
respectively) [17]. Associations werc also observed
between birthweight or weight at | year and risk factors
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for ischemic heart disease, such as blood pressure, body
mass index, waist/hip ratio, serum lipids, plasma clot-
ting factors, and impaired glucose tolerancec (OR = 6.6
for birthweight £5.5 pounds compared with >9.5
pounds) [18]. These relationships between early weight
and the risk factors persisted after adjustment for
potential confounding factors such as social class,
smoking and obesity. Findings for blood pressures have
received much attention with associations demonstrated
for low birthweight as wcll as for a high ratio of
placental weight to birthweight [18]. Thesc data suggest
that an adversc cnvironment in early life can predispose
individuals to disease later in lifc, and that prenatal as
well as postnatal factors influence risk.

In 1990, Trichopoulos suggested that, given the
evidence for an influence of early life events on later
risk of disease, efforts should be directed towagd
investigating in utero exposurcs and breast cancer risk
[19]. The basic tenets of his hypothesis were the
following: (1) estrogen exposure is thought to be related
to risk of adult disease; (2) exposures that act postna-
tally can also act prenatally; (3) estrogens are 10 times
higher during pregnancy than at other times in a
woman’s life; and (4) pregnancy estrogens vary widely
across individuals and may be related to exogenous
factors. This hypothesis has sparked a substantial
amount of recent work on prenatal and perinatal
exposures and breast cancer risk, which will be the
focus of this review.

Materials and methods

All epidemiologic studies identified through computer
scarches of medical databases or from citations within
papers were included. There were no papers excluded
that were considered of insufficicnt quality. First, the
cvidence for each risk factor is summarized, and then the
consistency of the obscrved findings with the proposed
mechanisms is considered, followed by recommenda-
tions for future efforts.

Results
Preeclampsiajeclampsia

Preeclampsia is a pregnancy condition characterized by
hypertension, hyperuricemia and proteinuria; the ensu-
ing condition, eclampsia, also includes one or more
convulsions. Precclampsia usually occurs in the latter
half of pregnancy (usually 34 weeks or later) and in
some cases labor induction is indicated. Lower than
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normal levels of pregnancy estrogens, estriol specifically
[20-22], in this condition led to thc hypothesis that
breast cancer risk in offspring would be reduced.

The carliest investigation of breast cancer risk in the
offspring of preeclamptic pregnancies reported an in-
creased risk of breast cancer among women born of
preeciamptic pregnancics (Table 1), but these results
were based on only four cases [23]. Two Swedish studies
[24, 25] that followed the initial report found a highly
protective effect of preeclamptic pregnancics. These
studies used cancer registry data from 1958 to 1990 to
identify cases born between 1874 and 1961 in five
hospitals in one region of Sweden. Birth records at the
participating hospitals were obtained for thesc breast
cancer cases. Control subjects were the next three
consecutive births at the same hospital as the case,
who were alive and free of breast cancer at the time of
cancer diagnosis in the matched case. A marked reduced
risk of breast cancer among babies born to preeclamptic
mothers was noted in the first analysis [24] of 458 cases
(OR = 0.2,95% CI = 0.1-0.7) and similar results were
obtained with the addition of more cases (1068 cases,
OR = 04, 95% CI = 0.2-0.8) [25). Both analyses
adjusted for other maternal and pregnancy factors such
as maternal age, maternal socioeconomic status, mater-
nal parity, birth weight, and in addition, the second
study [25] also controlled for severe prematurity (<33
weeks or 33+ weeks), twin membership and neonatal
jaundice. In studies such as these it is not possible to
cvaluate confounding or effect modification by adult
risk factors of the offspring. Lack of detail in these two
reports regarding the severity of the disease (i.e. whether
eclampsia or preeclampsia was diagnosed, or whether
preeclampsia was diagnosed before [severe disease] or
after 37 weeks [mild disease]) limits the ability to
determine if one syndrome was more strongly related
to risk. In the analyses, finer delineation of gestational

Table I. Risk of breast cancer associated with having been born of a
preeclamptic pregnancy

Author, year, ref. Cases Controls Total RR (95% CI)*
precclamptic  (ycs/no)
pregnancies
LeMarchand ¢ al. 153 461 8 3.5(0.9-14)
1988 [23]

Ekbom ¢ al. 458 1197 53 0.2 (0.1-0.7)
1992 [24]

Ekbom et al. 1068 2727 95 0.4 (0.2-0.8)
1997 [25)

Sanderson et al. 509 433 41 0.8 (0.4-1.5)
1988 [26]

* Reference is “normal pregnancy™.
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age may have impacted the results sincc preeclamptic/
eclamptic pregnancies are often of shorter duration than
normal pregnancics but are not severely premature as
defined in one of the studies [25]. Further, although the
results were statistically significant, the small number of
subjects born of precclamptic/eclamptic pregnancies
(eight cases and 45 controls [24]; and 14 cases and 81
controls [25]) warrants caution in interpreting this as a
stable finding. A recent case—control study using data
from subjects’ mothers [26] also suggested a protective
effect of preeclamptic pregnancies but was also limited
by few cases with this pregnancy condition (20 cases).

Gestational age

Studies of the impact of time in_ utero, or gestational age,
on subsequent breast cancer risk have been inconsistent
(Table 2). Although one study reported an increased
risk of breast cancer (OR = 4.0,95% CI = 1.5-11) for
women who were born at 33 weeks of gestation or
carlier [25], none of the other investigations observed an
association with having been born beforc term. Le-
Marchand et al. [23] showed no significant association
for being born at 7-8 months compared with 9 10
months (OR = 1.2, 95% CI 0.5-2.7), Michels et al. [27)
found no associations for having been born 2, 2-4 or
4+ weeks early; Sanderson and co-workcers [28] report-
ed no association for having been preterm among pre-
or postmenopausal breast cancer cases. Although no
association was observed for preterm births in a recent
study, there was a suggestion of increased risk for long
gestational length (OR = 1.5, 95% CI1 = 0.8-2.6 for
243 weeks compared with 3742 weeks) [26]. Small
numbers of subjects who had been pre- or post-term,
lack of attention to the combined effects of birthweight
and gestational age, or to trends limited these studies by
gestational age. Further, fcw studies specified how
gestational age was determined or whether the data
were reliable.

Twins

Several epidemiologic studies have reported on risk of
breast cancer in twins compared with singletons
(Table 3). The rationale for evaluating twins is that
pregnancies involving two placentas, that is dizygotic
twin pregnancies, would be producing more estrogens
and other factors than single-placenta pregnancies (i.e.
monozygotic twin and singleton pregnancies). Investi-
gators from one of the Swedish studies [25] reported
increased risk of breast cancer for dizygotic (OR = 1.7,
95% CI = 0.9-3.2) but not monozygotic twins
(OR = 04, 95% Cl = 0.1-1.7). Two other studies
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Tuhle 2. Risk of breast cancer associated with gestational age
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Author, year, ref. Cases Controls Gestational age RR (95% CI) Comments
comparison

LeMarchand ez af. 1988 [23] 153 457 7-8 months vs. 1.2 (0.5-2.7) Matched analysis, 9 cases,
9-10 months* 1.0 22 controls were preterm

Michels e al. 1996 {27] 571 1525 >4 weeks early 1.0 (0.5-2.4) Adjusted for adult risk factors,
2-4 weeks early 0.9 (0.5 1.5) mothers’ dala, 8 cases and
<2 weeks early 0.8 (0.4 14) 26 controls in >4 weeks calegory
Not premature* 10 -

Sanderson er «l. 1996 [28] 746 960 Preterm vs. 1.1 0.7-1.7) Adjusted for subjects’ age, menopausal

401 439 not preterm* 11 (0.5-2.1) status, matcrnal smoking

Ekbom er al. 1997 [25] 1068 2727 <33 weeks 4.0 (1.5-11) . Adjusted for maternal and perinatal

233 weeks* 1.0 - factors, 10 case and 9 controls
were <33 weeks

Sanderson ¢ al. 1988 [26] 510 436 < 37 weeks 0.9 (0.5-1.8) Early-onset disease, mothers' data,
37-42 weeks* 1.0 no confounding by adult risk factors
>43 weeks 1.5 (0.8-2.6)

* Reference category.
¥ Risk for women 21-45 years of age.
! Risk for women 50 64 years of age.

Tuhle 3. Risk of breast cancer associated with having been born of a twin pregnancy

Author, year, ref. Cases Controls Type of twin RR (95% CI) Comments
comparison (twin vs. singleton)
Ekbom ef al. 1997 [25] 1068 2727 Dizygotic* 1.7 (0.9 3.2) Adjusted for maternal and
Monozygotic* 0.4 (0.1-0.7) perinatal risk factors
Hsieh er al. 1992 [29] 870 2641 Twin brother 1.5 (0.6-3.7) Adjusted for matcrnal and subjects’
Twin sister 1.3 (0.6-2.9) adult risk factors, 17 case and
33 control twin subjects
Weiss et al. 1997 [30] 2150 1961 Twin brother 2.1 (1.0-4.5) Adjusted for subjects’ adult risk factors,
Twin sister 1.4 (0.7 2.6) 51 case and 26 control twin subjects,
early-onset discase
Sanderson et al. 1996 (28] 746 960 Twin birth 0.6 (0.3-1.3) Adjusted for subjects’ age, menopausal
401 439 Twin birth 0.9 (0.4-2.2)% status, maternal smoking

* Dizygotic twins have two placentas, monozygotic twins have one placenta.

' Risk for women 21-45 years of age.
! Risk for women S0-64 years of age.

evaluated the risk for having a twin brother, which is a
proxy for being dizygotic, or having a twin sister, which
represents a mixture of monozygotic and dizygotic
twins. These studies [29, 30], which could control for
established breast cancer risk factors in the offspring,
reported increased risk for having a twin brother
(OR = 1.5, 95% CI = 0.6-3.7;, OR = 2.1, 9%
CI = 1.0-4.5, respectively) and lower risk estimates
for having a twin sister (OR = 1.3,95% CI = 0.6-2.9;
OR = 1.4,95% CI = 0.7-2.6, respectively). The inter-
national case—control study [29] observed a stronger
effect of having a twin or twin brother among premeno-
pausal women, but the number of subjects was limited.

Being a twin was not associated with increased risk of
either pre- or postmenopausal breast cancer in a case-
control study in Washington Statc [28], however.
Although small numbers of twins limited some of these
analyses, there is some consistency to the finding of
increased breast cancer risk for dizygotic twins, possibly
only at young ages.

Another typc of study uses twin registries to follow a
cohort of twins and compare their rates of disease to the
rates expected in the general population. In a study
based on the Danish Twin Registry, Holm [31] reported
a higher risk of breast cancer in twins of both zygosities
compared with the general population. In contrast, in a
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study based only on same-sex twins in the Finnish Twin
Registry, breast cancer rates were lower in twins
compared with the general population (RR = 0.7)
[32]. A study from the Swedish Twin Registry showed
no overall increased risk for mono- or dizygotic twins,
but showed an increased risk for a subset of dizygotic
twins with cancer diagnosed between age 20 and 29 [33).
Monozygotic and dizygotic twins of other age groups
showed no elevation in rates of breast cancer.

Other studies that compare breast cancer risk among
twins have been inconsistent and generally do not report
risk for twins compared with singleton births. Swerdlow
et al. [34] showed no elevation in risk of early-onset
breast cancer in women whose co-twin was male
compared with female (OR = 1.1, 95% CI = 0.8-1.6)
in a population-based study of twins. However, in a
recent report based on the Swedish Twin Registry, risk
of breast cancer was greater in monozygotic than
dizygotic twins among the same-sex twins, suggesting a
genetic component to the disease, particularly among
younger cases [35]. These twin registry studies do not
indicate higher risk for dizygotic twins, whereas the
other epidemiologic studies [25, 29, 30] are more
consistent with this hypothesis. Other physiological
differences between singleton and twin, or male co-twin
pregnancies may reveal etiologic leads. Unfortunately,
complex methodologic issues, such as representativeness
of the twin population, and loss to follow-up of both
twins possibly resulting in a healthy participant or
otherwise biased sample limit twin studies based on twin
registries.

Tuble 4. Risk of breast cancer associated with birthweight
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In summary, the analytic epidemiologic studies sug-
gest an increased risk for dizygotic twins, and the twin
registry studies are inconsistent regarding risk compared
with the general population or by type of twin.
However, some consistency was observed across studies
regarding an influence of twinning on early-onset as
opposed to postmenopausal breast cancer.

Birthweight

There are several studies that addressed the issue of
whether larger babies are at increased risk of breast
cancer (Table 4). In 1988 LeMarchand and colleagues
[23] reported no association of high birthweight in
women whe later developed breast cancer. Adjustment
for other risk factors did not influence the finding. A
slight increase in risk was observed for low (<2500 g)
and high birthweights (>3500 g) in the first Swedish
study [24], although the findings were not statistically
significant. In the follow-up study in Sweden {25], no
association between birthweight and breast cancer was
observed. A J-shaped relation was also observed in
premenopausal women in the United States {28], how-
ever. Compared with the reference group (2500-2999 g),
low birthweight (<2500 g) and high birthweight
(4000 g+) were associated with increased risk
(OR = 1.3 and 1.7, respectively). In contrast to the
finding for premenopausal women, evaluation of post-
menopausal women showed a nonsignificant decreased
risk for high birthweight (4000 g+) [28]. A later study
of early-onset disease [26] using information from

Birthweight Author, year, ref.
()
Ekbom ¢t al. Ekbom er al. Sanderson er al. Michels er al. Sanderson ef al.
1992 [24) 1997 [25) 1996 [28] 1996 [27]* 1998 [26F
Premenopausal  Postmenopausal
<2500 1.2 0.8 1.3 0.9 0.55" (0.8) 1.2
2500-2999 1.0* 1.0* 1.0* t.0* 0.66% (1.0)*" 1.0*
30003499 1.3 1.0 1.3 11 0.68 (1.0) 1.0
3500-3999 1.5 1.0 1.2 0.8 0.86 (1.3) 1.0
4000+ 12 1.0 1.7 0.6 1.00* (1.5) 1.3
Birthweight LeMarchand er al.
() 1988 [23]
1162-2948 1.00*
2949-3340 0.65
3341-4451 0.76

* Reference group.

* Reference group changed for comparison with other studies using this reference category.

! Data provided by mothers of subjects.
¥ Confidence interval excludes 1.0.
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mothers from two case-control studies showed no
significant associations but slight clevations in the very
low and high birthweight categories. Finally, compared
with a birthweight of 4000 g or greater (8 Ib 12.8 0z), a
linear trend of decreasing risk (OR = 0.86, 0.68, 0.66,
0.55 for birthweights 3500--3999 g, 3000-3499 g, 2500
2999 g, and <2500 g, respectively) was observed in a
case-control study nested in the Nurscs’ Health Study
cohort [27]. This association was stronger for premeno-
pausal breast cancer but limited numbers of postmeno-
pausal women restricted analysis of this group. The
birthweight data were provided from mothers of sub-
jects and agreed well with results from the subjects
whose mothers werc included in the study. Analyses
werc adjusted for adult risk factors [27, 28] or maternal
pregnancy characteristics [24, 25, 27, 28] but not
necessarily measures of socioeconomic status [27, 28],
which may have confounded the findings. Nonetheless,
there is evidence that high-birthweight babics may be at
an increased risk of adult breast cancer, perhaps only
premenopausal breast cancer, compared with lower-
birthweight babies. No consistency emerges regarding
the risk for babies born in the lowest birthweight
category ( <2500 g), however.

Maternal age and birth order

Modestly increased risks have been observed for daugh-
ters born to older mothers [23, 36-40], but other studies
have failed to observe an association [24, 25, 28, 30, 41—
43]. In one study the increased risk was restricted to
daughters who were parous in their adulthood [40],
though this interaction was not reproduced in a later
study [43]. Results among studies may be inconsistent
because investigators did not evaluvate pre- and post-
menopausal disease separatcly, even though in two
studies effects appeared to vary by menopausal status
[43, 44]. Alternatively, lack of adjustment for breast
cancer risk factors among the daughters may be
responsible for positive findings since adjustment atten-
uated the maternal age cffect in at least one study [43].

The effect of maternal age may be modified by birth
order as evidenced by Hsieh er a/. [44] and Janerich [45].
Being second born was associated with a reduccd
risk compared with being first born (0.7, 95%
CI = 0.5-0.9) and this risk estimate was attenuated
with adjustment for maternal age [44]. In the other
study [45] no association was observed for birth order in
the crude analysis, but being first born was associated
with an odds ratio of 1.4 (1.0-2.0) for 10-year incre-
ments in maternal age. Joint effects of older maternal
age and being first born have not always been observed,
however [37]. Several studies that evaluated birth order

N. Potischman and R. Troisi

as a main effect have shown no association [23, 28, 36,
37, 39].

Breastfed

Four case—control studies have reported a protective
effective of having been breastfed [30,46,47,49]
(Table 5). All of the studies simply asked a *‘yes/no™
question regarding having been breastfed as an infant.
Reporting of past breastfeeding by daughters has been
shown to be consistent with reports by their mothers
[48]. Nonetheless, for studies showing associations, it is
reassuring that the magnitude of the risk estimate and
confidence intervals were similar when the information
was obtained from the mothers of subjects [30] or from
the subjects themselves [46, 47]). Three other analyses,
however, have not found an association. In a large
case-control study of women age 50 years or more,
postmenopausal subjects who reported having been
breastfed were not at reduced risk of breast cancer
[49]. Interestingly, in this study a protective effect was
observed for premenopausal breast cancer (OR = 0.6,
95% CI 0.4-1.0) but the sample size in this group limited
the interpretation. A preliminary report from mothers of
subjects in a nested case—control study of breast cancer
suggested no association for ever having been breastfed
and increascd risk was associated with having been
breastfed for more than 9 months [50]. Results from
another study using data from mothers [26] also
indicated no association, and this study was restricted
to cancers diagnosed in women less than age 45. Using
data from the early Swedish [24], the investigators
showed no association between having been breastfed at
discharge from the hospital and risk of breast cancer
[51]. However, there was no variability in the exposure
of interest as almost 98% of subjects were breastfed in
this population. Thus, four of the six analytic studies
suggest reduced risk particularly for early-onset disease
[30, 46, 47, 49], whercas results for postmenopausal
women are inconsistent {47, 49]. Given the methodologic
strengths of the large case—control study [49] and thc
other negative studies [50, 51], it is likely that breastmilk
exposurc is not important for postmcnopausal disease.

Risk related to cxposure to breastmilk had been
evaluated in earlier studies of breast cancer etiology.
These studics, which were launched to cvaluate possible
transmission of a viral agent through breastmilk, found
little association of having becn breastfed with the risk
of breast cancer [38, 52, 53]. Many of these studies were
limited in a number of ways, including focusing only on
subjects with a family history of breast cancer or in
populations with no variability in the prevalence of
breastfeeding. Fraumeni and Miller [54] detailed the
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Table 5. Risk of breast cancer associated with having been breastfed as an infant

Author, year, ref. Number Estimated* Prevalence of OR (95% CI) Comments
birth yeurs breasticeding (ever/never)

Cases Controls  of subjects

among controls

Daia from subjects

Brinton er al. 1362 1250 1903--1937 74% . 0.86 (0.7 1.1) Mostly carly-onsct discasc.
1983 {46) (majority) adjusted for age at diagnosis
Freudenheim et «f. 528 602 1901 1951 86% postmenopausal 0.76 (0.5 1.1 Consistent by menopausal status,
1994 {47] 59% premenopausal . adjusted for menopausal status
Titus-Ernstoff ¢f «l. 3803 4071 1911 -1945 55.6% postmenopausal 0.95 (0.85-1.1)  Adjusted for adult risk factors,
1998 [49] 205 220 48.1% premenopausal 0.65 (041 1.0) no influence of adjustment

Data from mothers

Weiss ¢r al. 534 497 1946-1972 50%
1997 [30]

Michels et al. 572 1531 (Not available)  64%
1997 [50]

Sanderson ¢t al. 506 433 19441972 45%
1998 [26]

maternal age, birthweight,
birth order

0.74 (0.6-1.0) Farly-onsct discasc. adjusted
for adult risk factors

1.1(0.9-1.4)"  Adjusted for birthweight,
adult risk factors and year
of birth

1.0 (0.8-1.3) Early-onset disease, no
confounding by adult
risk factors

* Estimated from age ranges at time of interview provided in paper, or from estimated age ranges based on age information provided.

OR = 1.57 (1.1-2.3) for breastled 9+ months versus never,

t
4

lack of international and national trend data to support
the hypothesis of a transmissible agent for breast cancer
in breast milk. Further, one focus of the recent large
casc—contro} study [49] was evaluation of risk related to
a transmissible agent in breastmilk. Risk was not
increased in breastfed daughters whose mother later
developed breast cancer, which does nol support the
hypothesis of an infectious etiology for the disease.

Other factors

A number of other pregnancy and neonatal-related
factors have been evaluated in several studies, including
maternal smoking, pregnancy weight gain, birth length
and placental weight. An effect of maternal smoking
might be mediated through changes in circulating
estrogens or in birthweight. However, there is little
evidence that smoking during pregnancy is related to
increased or decreased risk of breast cancer in the
offspring [26, 28, 30, 55]. Although there was no effect in
the overall analysis of women less than age 45 years of
age [28], among women less than age 30 breast cancer
was associaled with maternal smoking during the preg-
nancy (OR = 1.9,95% CI = 1.0-3.4). Such an associ-
ation requires replication in another larger study of
young women even though there were « priori hypotheses

OR = 1.0, 1.1. 1.0 for 1-2.9 months, 3-5.9 months, 6-+ months, respectively.

for evaluating risk in this younger subgroup of 64 cases.
Only one study evaluated postnatal passive smoking [26]
and suggested slightly increased risks associated with this
exposure (OR = 1.3, 95% Cl = 0.9-1.7).

A study focusing on mothers’ data about her preg-
nancy with the case or control in relation to risk of
early-onset breast cancer [26] found increascd risk for a
pregnancy weight gain of 25-34 pounds (OR = 1.5,
95% CI = 1.2-2.0) but no increased risk for higher
weight gains. Increased risks were observed for use of
antiemetic drugs during the pregnancy (OR = 2.9, 95%,
CI =1.1-8.1), and suggestive evidence of increased risks
for any severc nausea and vomiting for two or more
trimesters, with (OR = 1.6, 95% CI = 0.5-5.5) or
without (OR = 1.5, 95% CI = 0.8-2.6) use of medi-
cation. No associations were observed for prepregnancy
body mass index, hypertension, alcohol consumption,
oral contraceptive or hormonc use, but nonsignificantly
elevated risks were noted for anemia and coffec con-
sumption. DES was associated with increased risk
(OR = 23, 95% Cl = 0.8-6.4), but the 13 cases and
five controls with this exposure limits interprctation.

In the record linkage study in Sweden [25], an
increased risk was noted for infants who expericnced
Jjaundice in the hospital, possibly related to an endocrine
mechanism. Evaluation of birth length has shown a
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slight clevation in risk for longer babies but no trends
were observed [24, 25]. In the smaller Swedish study that
demonstrated a slightly increased risk for higher birth-
weight babies, a slightly increased risk for higher
placental weights was also observed [24]. However, in
the larger Swedish study in which no relation of
birthweight and risk of breast canccr was observed,
placental weight also was unrelated to risk [25]. It is
likely that birth length and placental weight were
measured with substantial error unless the staff was
specifically traincd and standardized procedures were in
place for the study. Thus, both of these exposure
variables require further analysis in more controlled
settings of data collection.

Discussion
Assessment of the evidence

Review of the current literature shows thal some
associations of prenatal and early life exposures with
breast cancer risk are consistent and promising. Daugh-
ters born of preeclamptic or eclamptic pregnancies, and
those who were breastfed as infants, appear to be at
reduced risk of breast cancer. High birthweights and
being a twin havc been associated with increased risk.
The associations for having been breastfed and being a
twin may be restricted to early-onset disease. Findings
from studies of matcrnal age and birth order have been
inconsistent and conclusions cannot be drawn without
further analyses of current data or additional studies.
Many years of epidemiologic research have revealed
strong risk factors that operate at other critical time
periods [56-58]. For example, age at first birth, age at
menopause and recent alcohol intake all suggest that
adult experiences have significant impact on risk of
disease. It is likely that the early life exposures interact
or modify the risks associated with these established risk
factors and pcrhaps should be evaluated in that manner.

Commentary

The observed epidemiologic results lend some support
to the proposed biologic mechanisms. The epidemiolo-
gic findings related to preeclampsia, twinning, birth
order and birthweight are consistent with thc principal
mechanism that has been proposed, namely early life
cxposure to high levels of pregnancy estrogens [19].
Although thc original hypothesis involved estrogen
exposure only, hormonc profiles involving other hor-
mones, growth factors and estrogen and progesterone
receptor activities could also be consistent with the
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observed results. Newer studies may incorporate some
of these more complex endocrinologic mechanisms as
the ficld of research evolves.

Two other hypotheses have bcen proposed. These
hypotheses are only relevant to studies evaluating
parental age and birth order, however. One hypothesis
related to parental age suggested that germline muta-
tions among older individuals could increase risk of
disease [59]. In thc other hypothesis, Janerich [60]
proposed that fetal antigens related to the paternal
contribution to the fetus, produced in first pregnancies,
could protect subsequent fctuscs through immune
mechanisms directed toward breast tissue. This would
explain some of the birth order findings and perhaps the
maternal age effects, given that older individuals have
more limited immune responses. Most of the risk
estimates for birth order and maternal age are weak or
nonsignificant, however, and there is a lack of consis-
teney across studies.

Most of the research conducted to date focused on
proxy variables for the estrogen environment. There-
forc, the following discussion will focus on the consis-
tency of the data with this hypothesis and presentation
of relevant biologic mechanisms. Additional comments
on analytic issues for each potential risk factor will also
be addressed.

Preeclampsialeclampsia.  The biologic rationale most
often cited for the association between risk of breast
cancer and preeclampsiafeclampsia is one related to
estrogens. Many women with mild preeclampsia may
have urinary estriol concentrations within the normal
range but somewhat below the mean value of normal
pregnancies {22, 61]. The majority of women with severc
precclampsia will have clinically low estriol concentra-
tions, although some may have normal values [22, 61,
62]. Estriol is a useful clinical diagnostic tool since its
concentration normally rises at the end of pregnancy
and therefore can help identify women with preeclam-
psia. Although most investigators document differences
in estriol among precclamptics, one report noted lower
estradiol but not estriol concentrations in precclamptics
compared with normal pregnancies [63]). In addition, it
remains unclear at what point during the pregnancy
lower estrogen levels become apparent. In other words,

“it is not known whether estrogen concentrations are

lower than “*normal” throughout the pregnancy or arc
lower only for a short time during development of the
preeclamptic symptoms.

Many factors besides estrogen metabolism arc altcred
in preeclamptic pregnancies, thus the nature of the
protective effect on breast cancer risk is uncertain. It
may be that the protective effect is related to the timing
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of exposure to lower cstrogens during gestation, or
aspeets of a compromised placenta producing less of
certain constituents or being permeable to factors that
otherwise would not cross to the fetus. Given that there
are only two major reports on this risk factor, albeit
with compelling risk cstimates, other epidemiologic
investigations need to verify the association while
further elaboration of possible mechanisms is pursued.

Gestational age. It is of interest that there is no
reduction in the daughter’s breast cancer risk associated
with less than a full-term pregnancy, and thus a shortcr
exposure to high estrogen levels. One might hypothesize
that shorter gestation would coincide with lower cumu-
lative estrogen exposure. The lack of associations could
indicate a threshold effect, inadequate assessment of
gestational age or critical, vulnerable time periods for
the cxposure. If timing of exposure is important, then
proxies for estrogen or other hormonal exposures during
different stages of pregnancy need to be assessed. It has
becn suggested that pregnancy nausea, which occurs
predominantly in the first trimester, and severe nausea
throughout pregnancy may be related to high estrogen
concentrations. One study [26] did document increased
risk associated with use of antiemetic drugs and severe
nausea for two or three trimesters, which may be
indicative of a high estrogen environment but also may
be related to high levels of human chorionic gonadotro-
pin and possibly other factors [64]. Thus, evaluation of
nausea and timing of the nausea in relation to risk of
breast cancer may be pursued but the mechanism for an
association would be unclear.

Twinning. Compared with singletons, most studies
show higher maternal serum or urinary estriol levels in
twin pregnancies [65-67], which have been hypothesized
to increase risk in the female offspring [68]. Although it
has been theorized that dizygotic twins, in particular,
may be exposed to even higher estrogen levels because of
the metabolic capacity of two placentas (i.e. estrogen
production from cach placenta), such a difference in
urinary estrogens between monozygotic and dizygotic
pregnancies has not been shown [69].

Birthweight. It has been hypothesized that larger
babies may be exposed to higher estrogen concentra-
tions in utero, but the data supporting this association
are weak [70] and require verification. Clearly there are
other correlates of high birthweights that may be
relevant to later disease, such as exposure to high
concentrations of insulin or other factors [71-74].
There arc several inconsistencies in the cpidemiologic
findings worth noting. Although the first Swedish study
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reported risk associated with high birthweight, the
expanded study did not find this association. It appears
that age at diagnosis of breast cancer may be an
important consideration for analyses of birthweight
effects [28]; however, the disparity in the Swedish studies
cannot be explained by this factor as the proportions of
younger and older cases were similar in the two studics
[24, 25]. The other null study [23] had a predominance of
young cases (women born after 1945), which contradicts
the associations noted only for premenopausal breast
cancer [27, 28]. Two studies [26, 27] relicd on recalled
birthweight from mothers, which has been shown to be
highly correlated with birth records (r = 0.85) [48].
These studies had inconsistent findings in that one study
showed strong a linear relation with birthweight [27],
and the other [26] was null or only suggestive of a
J-shaped rclation. As with all studies attempting to
obtain information from mothers of cases and controls,
only a small subsct of mothers (usually < 50%) are
available and willing to participate in the study. Thus,
consistency across studies using mothers’ data, and with
daughters’ data, is particularly desirable since the
problems of selection among mothers and recall among
daughters may be problematic. Although the consisten-
cy of the risk estimates for mothers' and daughters’
birthweight data was somewhat reassuring in one study
[27], there remains concern about the representativeness
of this subsample of daughters whose mothers respond-
ed to the study. Another study that relied on informa-
tion from thc daughter resulted in a substantial number
of women with missing data (10-27%), particularly
among postmenopausal women [28]. These methodo-
logic issues may have resulted in attenuated or biased
relationships. Nevertheless, there is suggestive evidence
for an association of increased risk for high birthweights
(>4000 g) particularly for premenopausal breast can-
cer. Most of these analyses, however, did not adjust for
gestational age and other important determinants of
birthweight [75-77], which may be indicators of the
in utera environment.

Maternal age and birth order. 1t has been hypothesized
that older mothers may impart an increased risk to
female offspring through higher circulating levels of
endogenous estrogens during the pregnancy or through
an increased prevalence of gonadal germ cell mutations.
The studies often cited to support thc cstrogen hypoth-
esis for the maternal age effect are weak and are not
consistent with the epidemiologic finding of increased
risk for maternal age of 30 years of age or older.
Epidemiologic studies that report a positive association
between maternal age and daughter’s risk show elevated
risks for mothers aged 30-34 or older compared with
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those less than age 20, and generally not in a dose-
dependent  gradient with age. Studies of pregnant
women show lowest estrogen concentrations for those
less than age 20 while highest levels are noted for those
aged 20-29, but not for the older mothers [78].

There are few relevant hormonal studies related to
birth order for evaluation of a main cffect of birth order
in epidemiologic studies. Consistent with some findings
for higher risk among first-born offspring, maternal free
E2 (i.e. the estradiol not bound to binding proteins) was
9% higher and percent free E2 was 17% higher in first
compared with second pregnancies among the same
women measured at approximately week 12 of two
" pregnancies [79]. These were young women (mean age
and standard deviation for first and second pregnancies,
22.6 £ 3.1 and 24.0 £ 3.2, respectively), however,
Only onc study [78] evaluated estrogen levels for
primigravida women over age 30, where the risk for
higher maternal age has been observed. Total estrogen
and estradiol but not estriol or placental lactogen were
noted to be higher in first compared with second
pregnancics among young women ( <age 20), but no
such tendencies were noted among women age 30-34 or
35 39. In a reanalysis of first and second pregnancies,
Bernstein and co-workers [80] showed that cstrogen
concentrations track within women (ie. are highly
corrclated, r = 0.7 estradiol). Evaluation of these pub-
lished data indicates that the variability between women
is 5 6 times greater than the variability within women in
successive pregnancies (data not presented). Thercfore,
birth order may not have as much impact as other
correlates of pregnancy estrogens. The epidemiologic
studies that have evaluated birth order either have not
addressed maternal age in the analysis or suggest that
the combination of older maternal age and being first
born confers increased risk [45). In general, however, the
epidemiology and biologic evidence is not consistent
with an association of birth order and maltcrnal age with
risk of breast cancer through a mechanism of increased
estrogen exposure.

Breastfed. The evidence suggests that exposure to
breastmilk may be related to reduced risk of premeno-
pausal breast cancer. The mechanism for the association
is unknown but, in the aggregate, would be related
through protective factors in the breastmilk itsclf or
from detrimental factors in formula preparations in the
comparison group. The majority of epidemiologic stud-
ies only asked a crude ever/never question regarding
breastfeeding, so women who were breastfed for limited
periods of time are treated the samc as those who were
breastfed for long durations. Thus, it is likely that many
would have been exposed to artificial feedings for
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considerable periods of time, suggesting either nothing
detrimental with formula preparations, or protective
effects from the initial breastmilk. The main studics to
date interviewed women of different cohorts with years
of birth ranging from 1901 to 1972 (Table 5). These
subjects would have been exposed to different formula
preparations, suggesting something protective in the
early breastmilk or lacking in all artificial feedings.
Some markers of immune response suggest that the
colostrum or carly breastmilk is critical for the greater
immune response among breastfed children to immuni-
zations {81]. It is unclear whether there are long-term
influences of having been breastfed on immune respons-
es. however. Another serum parameter, serum choles-
terol levels, has been noted to be higher among adult
women who were bottle-fed compared with those who
were breastfed [82], but this association has not been
firmly established. More reésearch is needed to verify the
epidemiologic finding of breastmilk consumption and
breast cancer risk, and then to evaluate potential
mechanisms. : )

Animal models

Information from animal models suggest an influence of
the prenatal as well as the early postnalal cnvironments.
Extensive reviews of classic prenatal and perinatal
carcinogencesis in animals are available [6, 83, 84],
including the most complete and authoritative compila-
tion of reviews by the International Agency for
Research on Cancer [6]. Only selected relevant concepts
and examples will be discussed in this review. Insights
from animal models systems include the critical rele-
vance of timing to exposures. Early in prcgnancy, agents
are usually teratogenic but not carcinogenic, whereas
exposures after organ development are related to tumors
in adult offspring [83). Interestingly. thc tumors from
exposures after organ development or during the post-
natal period do not appear until adulthood. Early
postnatal life is also a sensitive time, when organs are
developing and systems are vulnerable to programming
by environmental factors [18]. For cxample, early
administration of enzyme inducers has shown long-term
cffects in responses of inducible enzymes to exogenous
factors [85, 86]. Without knowledge of the carly expo-
Sures one might surmise that the adult responses were of
a genetic origin. Clearly thc assessment of xenobiotic
and nutritional influences early in the life of human
populations would require more rigorous study designs
than those presently available. Although little work was
performed in nonhuman primates, and results from
rodents and other animal species may not be directly
relevant to the human experience, the data suggest that
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programming.of metabolic pathways, ccllular receptors,
and other physiologic functions is influenced by expo-
sures during the perinatal period. Effect modification of
adult factors (e.g. P450 expression) by early life expo-
sures (e.g. having been breastfed) may seem unlikely, but
warrants some considération. Timing of cxposurcs may

be critical and, to the extent possible, should be

considered in future epidemiologic studies.
Future directions

Given the daunting task of evaluating carly life expo-
sures, especially in utero conditions, new approaches
and scarches for relevant data are needed. Many studies
were not originally designed to address early life
exposures or exposures with low prevalence, and thus
arc limited by small numbers of exposed individuals.
The inconsistencies observed across studies also indi-
cate, to some extent, the lack of rigor with which some
of the analyses have been approached. For example,
evaluating birthweight without regard for gestational
age, or maternal age without regard for birth order,
could produce contradictory results. Investigators with
expertise in maternal and child health, such as those
who evaluate the determinants of birthweight, or
preeclampsia, could help direct the analyses and may
contribute insights into the relevant mechanisms. Fur-
ther, other areas have made progress on evaluating risk
related to early exposures and their experience may be
uscful. For cxample, the associations of infant feeding
and juvenile diabetes or intrauterine growth retardation
and adult hypertension seem particularly relevant [16,
87-90]. Many of the cardiovascular disease studies have
been criticized because of significant loss to follow-up
among thc cohort and influential confounding by
socioeconomic status [91]. Similar problems may exist
in the nested case control studies of breast cancer from
Sweden [24, 23] Careful evaluation of methodologic
issues in the breast cancer studies is warranted and
integration of experience from other disciplines into
future studies should be advantageous.

If the prenatal environment is important to later
diseasc risk, then further investigation into a variety of
maternal and pregnancy characteristics should be pur-
sued. Only one study attempted to evaluate a variety of
pregnancy characteristics [26] and further studies are
needed. Maternal characteristics that could impact or
reflect the in utero environment include prepregnancy
weight and body fat distribution, pregnancy weight
gain, gestational diabetes or other pregnancy complica-
tions, dictary patterns, matcrnal nausea. duration of
nausea, maternal hormone use, and pregnancy anemia.
Fetal and birth characteristics, in addition to birth-
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weight for gestational age, might include sonogram
information (e.g. estimates of intrauterine growth), birth
length, head circumference, ratio of placental weight to
birthweight, galactorrhca and development of breasts in
infants at birth. Other variables from the first years of
life may be influcntial. Risk related to body weights over
the first or second year indicating growth rate, as well as
serious illnesses and medications used during these
years, may be informative.

A variety of risk factors have been identified in
epidemiologic studies with some compelling risk esti-
mates. Strongest evidence was observed for having been
born of a preeclamptic or twin pregnancy, having had a
high birthweight and having been breastfed, with results
potentially restricted to premenopausal breast cancer for
some factors. Although some findings are strong and
some consistency exists across studies, substantially
more research is needed to evaluate these potential
breast cancer risk factors. Studics of the correlates of the
risk factors are not difficult to accomplish by evaluating
populations of pregnant women. Further work is
necessary to cvaluate the entire profile of risk factors
to see consistency and inconsistency with the hypothe-
sized estrogenic mechanism or to determine if another
explanation better fits the empirical evidence. The most
pressing issues, however, are the requirement for more
epidemiologic studics that are launched explicitly to
evaluate these new hypotheses and the ascertainment of
improved data sources.
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