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INTRODUCTION

There is little question about the importance of hormonal factors in the development of breast
cancer . During pregnancy, estrogen concentrations are at least ten times higher than during
other periods of life. Since estrogens are important for breast carcinogenesis, exposures during
pregnancy have been suggested to influence mothers’ breast cancer risks °. Pregnancy hormones
are primarily produced in the placenta ®. The linkage of the nationwide Swedish research
registries provides an opportunity to use prospectively collected data to further investigate the
possible associations between indirect markers of hormonal exposures during pregnancy, such as
placental weight, offspring’s birth weight, pregnancy complications, and subsequent maternal

risk of developing breast cancer.

BODY
Task 1. Ethical approval
Permission to perform the study was applied for, granted by the Research Ethics Committee at

Karolinska Institutet.

Task 2. Data retrieval

Specified data orders were sent to the National Board of Health and Welfare and Statistics
Sweden. These Swedish authorities gave approval to send data from research registers to the
research group. The National Board of Health and Welfare used the unique national registration
number to perform individual record linkage between the registers (the Medical Birth Register,
the Cancer Register, the Cause of Death Register, and the Register of Population and Population
Changes). Initial quality control was performed at the National Board of Health and Welfare.
Data were transferred to the Department of Medical Epidemiology and Biostatistics, Karolinska

Institutet.

Task 3. Defining the cohort.
The study base was defined by all primiparous women included in the Swedish Medical Birth
Register who delivered single births 1982-89 (n=315,339), of whom 99.6% (n=314,019) had

complete information about date of birth and gestational age. Through record linkage to the



Cancer Register, the Cause of Death Register and the Register of the Population and Population
Changes, women were followed until Dec 31, 2001, the occurrence of breast cancer, death or

emigration, whichever came first.

Information about breast cancer diagnosis was derived from the Swedish National Cancer
Register (ICD-7 code 170). Cases were defined as the first breast cancer diagnosed after the first
birth through the year 2001. In the cohort of 314,019 women, 2,216 developed breast cancer
during the time of follow-up, of whom 2,100 (95%) were diagnosed before age 50.

The following factors were included as possible risk factors for breast cancer: placental weight,
birth weight, gestational age, infant’s sex, women’s age at first birth, co-habiting with infant’s
father or not, maternal smoking, women’s country of birth, height, body mass index, pregnancy-
induced hypertensive diseases, and vaginal bleeding in late pregnancy. We also included

information about parity number (through 2001), to be used as a time-dependent co-variate.

Task 4. Analysis
Data cleaning
Frequency tables of all exposure variables were performed. Implausible values were considered

missing and exposure variables were categorized.

Analyses

The Cox proportional hazard model was used to estimate associations between exposures and
breast cancer risk. We studied the associations between exposures at first or second birth and
mother’s risk of breast cancer. First, we used bivariate analysis to study the associations between
the independent variables in breast cancer risk. In this analysis, the independent variables were
categorized, and for each category we calculated person-years of follow-up and breast cancer
incidence rates stratified by maternal age at first or second birth, respectively. Thereafter, we
used Cox proportional hazard model to estimate the relative risk of developing breast cancer in a
multivariate analysis. The hazard ratio was used as a measure of relative risk, using 95%

confidence intervals.



Task 5. Results

The results have been derived from the publication that this work resulted in ’ The crude
incidence rate of breast cancer increased with placental weight (Table 1). Women who delivered
an infant with a high birth weight (>4,500 grams) had higher incidence rates of breast cancer than
women with lower birth weight infants. Gestational age at first birth did not appear to influence

the crude incidence rate of breast cancer among mothers.

|
Table 1. Pregnancy and Infant Characteristics (Primiparous ‘Women in Sweden, 1982-1989)
in Relation to Unadjusted Incidence Rates of Breast Cancer (N=314019)*

Breast Cancer, No.

Characteristics Cohort, Na. (%) (Incidence Rate)t
Placental weight, g
=499 48 512 (20.4) 297 (3.99)
500-599 79569 (33.5) 526 (4.31)
GO0-ag &4 984 (27.4) 480 (4.70)
=7 44433 (18.7) 381 (5.30)
Missing TE521 583 4.79)
Birth weight, g
=g2499 14369 (4.6) 103 (4.69)
2500-3499 156758 (49.9) 1045 (4.38)
3500-4499 135508 (43.7) 1001 (4.78)
=4 500 5781 (1.8) 52 (5.88)
Missing 1823 15 (5.37)
Gestational age, wk
=35 16204 (5.2) 115 (4.83)
37-39 98 399 (31.3) 874 (4.45)
40-41 154587 (49.2) 1073 (4.53)
=42 44829 (14.3) 354 (5.14)
Irifant sex
By 161 474 (51.4) 1152 (4.65)
Girl 152514 (48.6) 1064 (4.55)
Missing 31 0

*Brasst cancer diagnosad after first birth but b=fore January 1, 2002,
Tlradjustad incidence rates par 10000 person-years

Source: Cnattingius et al. JAMA 2005;294:2474-80



Table 2 (below) displays age stratified and multivariate adjusted hazard ratios of breast cancer in
relation to placental weight at first birth. The risk of breast cancer generally increased with
placental weight. Compared to women with a placental weight of less than 500 grams, women
with a placental weight of at least 900 grams faced a 56% increase in risk of breast cancer. In
age-adjusted analysis, mothers of infants with a birth weight of at least 4,500 grams had a 30%
increased risk of breast cancer compared with mothers to infants with a birth weight between
2,500 and 3,499 grams (Table 2). However, after adjusting for placental weight and other factors,
this risk increase disappeared. Compared with women with only one birth, women with at least
three births were at reduced risk of breast cancer. Other factors, including gestational age,
infant’s sex, maternal characteristics, and pregnancy complications, did not influence breast

cancer.

Table 2. Placental Weight and Birth Weight in First Birth and Hazard Ratios of Breast Cancer

Hazard Ratio (85% CI) by Placental Weight, g

I 1 Pfor
<498 500-59% 600-699 =700 Trend
Only age-adjusted® 1.00 141 (0.87-1.28) 1.22 1.05-1.41) 1.34 (1.15-1.568) =004
Fully adjusted+ 1.00 1.07 (0.80-1.27) 147 0.97-1.41) 1.38 1431.680 .001
Birth Weight, g
=2499 2500-3499 3500-4499 =4500 !
COnly age-adjusted  0.98 (0.80-1.20) 1.00 141 (1.02-1.21) 1.30 029172  .008
Fully adjustedt 088 (0.63-1.27) 1.00 1.00 (087-1.158 1.08 0.74-1.57) .71

Abbreviation: Cl, confidencs intarval.

*Hazard rafics are age-adjustad by stratification for matemal age at first birth.

THazard ratios ara stratified for matamial age at first birth and adjustad for geetational age, infant sax;, age at first birth,
height, body mass index, smoking, family situation, country of lirth, pregrancy-inducad hypartansive dissasas, dia-
bietas mallitus, and vaginal blesding in kbte pragnancy. Parity i ncluded in the analysis as a time-depandart covar-
late. Facantal weight ks adjustad for birth weight and birth weiaht is adjusted for placantal weight (in grams).

Source: Cnattingius et al. JAMA 2005;294:2474-80



We then restricted our study population to 121,714 women who had their first and second
consecutive single birth during the study period. Of these women, 881 developed breast cancer
during the time of follow-up. Compared with women whose placenas had a weight of less than
500 grams in both pregnancies, women whose placentas weighed between 500 and 699 grams in
the first pregnancy and at least 700 grams in the second pregnancy (or vice versa) faced an 82%
increased in risk of breast cancer, and the corresponding risk among women whose placentas

weighed at least 700 grams in both pregnancies was more than doubled (Table 3).

Table 3. Placental Weight and Birth Weight in First and Second Births and Hazard Raios of
Breast Cancer.

Hazard Ratio (95% CI)
Characteristics I 1

by First/Second % of Breast Cancer, Mo. only Fully
Pregnancy Women (Incidence Rate) Age-Adjusted® Adjustedt
Placental weight, g
=409/=499 41 26 (3.72) 1.00 1.00
=499,/500-699 13.5 103 (4.52) 1.22 {0.79-1.87)  1.44{0.85-2.43)
=409/=700 1.9 16 (5.05) 1.34 (0.72-2.49) 1.27 (0.88-2.78)
S00-209,/500-609 27.2 208 (4.52) 1.24 (0.82-1.86) 1.34(0.81-2.24)
S00-E29/=700 16.1 167 [B.14) 1.67 (1.11-2.53) 1.82(1.07-3.08)
=T00/=700 6.2 B4 {5.57) 1.75 1.11-2.74)  2.05(1.15-3.84)
Missing 31.0 202 (5.57)
Birth weight, g
< PAQES <2455 0.5 7772 1,46 {0.70-3.08)  1.66 (0.48-5.99)
< 2499/ 2500-3995 4.9 34 (4.13) 0.84 060119 0.96 (0.55-1.70)
=2498/ = 4000 0.3 3B.72) 1.13 (0.36-3.50)  Indeterminate]
2500-3299/2500-3950 G7.0 £51 (4.86) 1.00 1.00
2500-3299/= 4000 19.7 198 (5.91) 1.21 (1.02-1.42) 1.07 {0.84-1.38)
=000 = 4000 6.8 79 6.91) 1.42 (1.12-1.78) 1.10(0.76-1.59)
Missing 0.8 11 (7.47)

Abbreviation: Cl, confidencs intaral,

*Hazard ratice are age-adjustad by stratification for matemal age at second birth,

THazard ratics are age-adjustad by stratification for age at sscond bith and adjustad for gestational age in firet and
sacond bithe, infant s in second birth, age =t first bith, and othar matemal charactanstics, and pregrancy com-
plicatiors at second birth (height, body mass index, smoking, family situation, country of birth, pregnancy-induceac
hypeartansive dissasss, and vaginal bleeding in late pregnancy). Parnity ks inclided in the analysis as a time-depandeant
covariata, Placantal weight is adjusted for bith weidht and vics varsa,

Mo caza had complate information on coveristes,

Source: Cnattingius et al. JAMA 2005;294:2474-80



KEY RESEARCH ACCOMPLISHMENTS:

e Construction of a data base of 314,019 women with prospectively collected data on
pregnancy characteristics and breast cancer.

e Complete follow-up of the study base through 2001.

e Performance of bivariate and multivariate analysis, indicating that placental weight influences
mother’s risk of breast cancer.

¢ Finishing of work with poster work and oral presentation to be presented at the Department of
Defense Breast Cancer Research Program Meeting, in Philadelphia, June 2005.

e Finishing of manuscript, and submission for publication.

REPORTABLE OUTCOMES

e Cnattingius S, Torrang A, Ekbom A, Granath F, Petersson G, Lambe M. Placental
weight, birth weight and risk of breast cancer after giving birth: a population-based
Swedish cohort study. Poster and oral presentation at the Department of Defense Breast
Cancer Research Program Meeting, in Philadelphia, June 2005 (poster No. P24-4).

e Cnattingius S, Torrang A, Ekbom A, Granath F, Petersson G, Lambe M. Pregnancy
characteristics and maternal risk of breast cancer. JAMA 2005;294:2474-80

CONCLUSIONS:

Our work suggests that placental weight is positively associated with maternal breast cancer risk.
These results further support the hypothesis that pregnancy hormone exposures influence
mother’s breast cancer risk. However, underlying biological mechanisms responsible for these
associations remain to be determined. Such mechanisms may not only include pregnancy
characteristics, such as placental hormones and breast cell differentiation, but also non-pregnant

hormonal and metabolic characteristics associated with placental growth.
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APPENDICES

The following two Appendices are included:

1. Cnattingius S, Torrdng A, Ekbom A, Granath F, Petersson G, Lambe M. Placental
weight, birth weight and risk of breast cancer after giving birth: a population-based
Swedish cohort study. Poster and oral presentation at the Department of Defense Breast

Cancer Research Program Meeting, in Philadelphia, June 2005 (poster No. P24-4).

2. Cnattingius S, Torrang A, Ekbom A, Granath F, Petersson G, Lambe M. Pregnancy
characteristics and maternal risk of breast cancer. JAMA 2005;294:2474-80
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PLACENTAL WEIGHT, BIRTH WEIGHT AND RISK OF BREAST CANCER
AFTER GIVING BIRTH: A POPULATION-BASED SWEDISH COHORT
STUDY

S. Cnattingius, Md, Phd, A. Torrang, B.Sc, A. Ekbom, Md, Phd, F. Granath, Phd,
G. Petersson, B.Sc, M. Lambe, Md, Phd.

Department of Medical Epidemiology and Biostatistics, Karolinska Institutet, PO Box
281, SE-171 77 Stockholm, Sweden

E-mail: sven.cnattingius@meb.ki.se

There is little question about the importance of hormonal factors in the development of
breast cancer. During pregnancy, serum levels of estrogens, progesterone, human
placental lactogene, and placental growth hormones are many times higher than during
other periods of life, and levels of insulin-like growth factors (IgFs) are also increased.
Since estrogens, IgFs, and probably also other placental hormones are important for
breast carcinogenesis, levels of exposure during pregnancy have been suggested to
influence the risk of breast cancer in both mothers and offspring. Indirect markers of
hormone exposure during pregnancy (i.e., placental weight and birth weight) have
inconsistently been associated with subsequent risk of breast cancer in the mother.

We included women included in the Swedish Medical Birth Register, who delivered
single births in Sweden 1982-89 (n=314,019). Women were followed-up until December
31, 2001, the occurrence of breast cancer, death or emigration, whichever came first.
Proportional hazard models were used to estimate associations between exposures and
breast cancer. Hazard ratios (HR) were used to estimate relative risks, using 95%
confidence intervals (Cl), and final parity number was used as a time-dependent
covariate.

In all, 2,216 women developed breast cancer during the follow-up, of which 95%
(n=2,100) were younger than 50 years at diagnosis. Compared to women with placentas
weighing less than 500 grams at first birth, there was an almost 40% increase in risk of
breast cancer among women with placentas weighing at least 700 grams (adjusted HR
1.38; 95% CI 1.13-1.69). Next, we restricted our study population to 121,713 women
who had their first and second consecutive single birth during the study period, of whom
in all 884 developed breast cancer. Compared to women with placentas weighing less
than 500 grams in two consecutive pregnancies, the risk of breast cancer was increased
among women whose placentas weighed 500-699 grams in first pregnancy and at least
700 grams in second pregnancy (or vice versa) (adjusted HR 1.82; 95% CI 1.09-3.12),
and among women whose placentas weighed at least 700 grams in both pregnancies
(adjusted HR 2.10; 95% CI 1.18-3.72). A high birth weight (>4,000 grams) was
associated with a significantly increased risk of breast cancer before (adjusted HR 1.42;
95% CI 1.02-1.80), but not after adjusting for placental weight and other covariates
(adjusted HR 1.10; 95% CI 0.76-1.59).

Placental weight is positively associated with maternal breast cancer risk. As pregnancy
hormones are primarily produced in the placenta, placental weight is probably a better




indirect marker than birth weight of pregnancy hormone exposures. The study lends
further support to the hypothesis that pregnancy hormone exposures influence mother’s
breast cancer risk.

The U.S. Army Medical Research and Materiel Command under DAMD 17-03-01-0741
supported this work.
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ORMOMNAL FACTORS FLAY & KEY
role in the development of
breast cancer. Early menar-
che, late menopause, and
long-term use of hormone therapy
repeatedly have been shown to be
associated with increased risks of breast
cancer.* The short-term and long-
term risk-modifying effects of parity also
are well docomented,? but litde infor-
muation is known about the underlying
biological mechanisms. Serum levels of
estrogens, progesterone, nman placen-
tal lactogene, and placental groearth hor-
mones are many times higher during
pregnancy than during other periods of
life,* and pregnant women also are ex-
posed to elevated levels of insulin- like
growih factors® Since several of these
hommones have been implicated in bresst
carcinogenesis,"® it is of interest to ex-
plore how different markers of endo-
crine exposure during pregnancy may be
associated with the risk of breast cancer
in both mothers and offspring®
Fregnancy hormones primarily are
produced in the placenta, and signs of
placental impairment may serve as in-
direct markers of hormone exposures
during pregnancy. Cohn et al'™ re-
ported that low placental weight, small
placental diameter, maternal floor in-
farction of the placenta, and eleva-
tionsin blood pressure between the sec-
onid and third trimester were associated
with relatively strong and indepen-

2474 JBNA, Movember 16, 2005—vol 294, Mo, 19 Reprintsd)

Context During pregrancy, serum levals of estrogen, progesterone, and othar haor-
rmones are markedly higher than during other pericds of life. Pregnancy hommones pri-
rmarily are producad in the placenta, and signs of placantal im pairment may sarve as
indirect markers of hormone exposuras during pregnancy. During pregnancy, these
rnarkers have been inconsistently associated with subsequent risk of breast cancerin
the mather.

Objactive To examine associations between indirect markers of hormaonal expo-
sures, such as placental weight and other pragnancy characteristics, and matemal risk
of devaloping breast cancer.

Dresign and Setting Population-based cohort study using data from the Swedish
Birth Register, the Swedish Cancer Register, the Swedish Cause of Death Ragister, and
the Swedish Register of Population and Population Changes.

Participants Woman included in the Sweden Birth Register w ho deliverad single-
tons bebwasn 1982 and 1989, with complate information on date of birth and
gestatioral age. Waomean weare followed up until the cccumreance of breast cancer,
death, or end of follow-up (December 31, 2001 ), Cox proportioral hazards maodels
ware usad to estimate associations betwesn homone exposures and risks of breast
CANCEF.

Main Outcome Measure Incidence of imvasive breast cancer.

Results Of 314012 women inthe cohort, 22196 (0.7 %) developed breast cancerdur-
ing the follow-up through 2001, of whaom 2100 (25%) wer diagnossd bafore age
A0 years, Compared with women who had plcantas weighing less than 5030 g in 2
consecutive pragnancies, the risk of breast cancerwas increased among women whose
placantas weighed babwaan 500 and €92 g in theirfirst pragnancy and at least 700 g
in their second pregnancy (or vice versa) (adjusted hazard ratio, 1.82; 25% confi-
dence interval [C1], 1 .07-3.08), and the comesponding riskwas doubled amaong wormen
whose placentas weighed at least 700 g in both pregnancies (adjusted hazard atis,
206 95% C|, 1.15-3.64). A high birth weight {=4000 g} in 2 successive births was
associabed with an increased risk of breast cancer before but not after adjusting for
placental weight and other covariates (adjusted hazard ratio, 1.10; 25% CI, 0.7&-
1.59).

Conclusions Placental weight is posiively assodated with matemal risk of braast
cancer. Thesa results further support the hypothesis that pregnancy hommanas ara im-
portant modifiers of subsequant matemal breast cancer risk.

JAMA, A0 0 e ) WA, JAITHL 000

dent reductions in maternal risk of
breast cancer. Since the included vari-
ahles generally were presented to masi-
mize apparent effects, an accompany-
ing editorial 5 ted that “the results
should be viewed as hypotheses await-
ing testing . . . ™ and that “smdics based
om larger number of cases are needed. ™
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MEndal Seeden (O Lambs).
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The linkage of the nati cmaide Swed-
ish research registries provided an op-
portnity to use data collected prospec-
tively to further investigate the possible
associations between indirect markers
of hormonal exposures during preg-
nancy, such as placental weight, off-
spring’s birth weight, pregnancy com-
plications, and subsequent maternal
risk of developing breast cancer.

METHODS
Data Sources

The Swedish Mational Beard of Health
and Wielfare and Statistics Sweden pro-
vided aceess to data from 4 population-
based registers. Individval record link-
age actoss these registers was possible
through the unique Maticnal Registra-
tion Mumber assigned o each Swed-
ish resident.

The Birth Register includes informa-
ticn collected prospectively on more
than 99%, of all births in Seeden.!? In-
formaticn about placental weight was in-
cluded in the Birth Register between
1982 and 1989, Complications during
pregnancy and delivery are classified ac-
cording to the Swedish version of the In-
termational Classification of Diseases
(ICs): IoD-8 was used from 1982 1o
1986, and FC0-% was used from 1987 o
1996, The Cancer Regjster includes his-
tologically verified cancers, and the com-
pleteness has been evaluated to exceed
05%. " To facilitate comparisons over
rime, cancer registration also has boen
classified a.-:-:n:-rdin,% to BCE-F for later
years, The Cauvse of Death Begister in-
clud es information about date and canse
of death on all Saredish residents. The
completeness has been estimated o ex-
ceed 999 (results are available [mainly
in Swedish] on the Web: httpoffaras
sos sefepofdorsidodsreg him). The Reg-
ister of Population and Population
Changes includes information about
dates of birth, death, emigration, and im-
migration of all Swedish residents.

Study Population

The study population was defined as all
primiparous women included in the
Birth Register who delivered single
births between 1982 and 1989

22005 American Medical Assaciation. Al rights reserved.

PREGHAMCY CHARACTERISTICS AND MATERNAL RISK OF BREAST CANCER

(M=315339). In the study popula-
tiom, 314 01 9 wommen {99.6% ) had com-
plete information about date of birth
and gestational age, and 121 285
women also had a second consecutive
single birth between 1982 and 1989,
Through record linkages with the Can-
cer Register, the Canse of Death Reg-
ister, and the Register of Population and
Fopulation Changes, women were [ol-
lowred vpuniil the cocurrence af bresst
cancer, death, emigration, or end of fal-
low-up (December 31, 20010, which-
ever came first.

Ascertainment of Exposures
and Owcomes

The following information from first
and second consecutive single deliver-
ies was collected from the Birth Regis-
ter: placental weight, birth weight, ges-
tational age (in completed weeks), and
s of mfgant The following maternal
characteristics were collected: mater-
nal age at delivery, family sitation (liv-
ing with infants father or not), smok-
ing at registration to antenatal care
(nondaily smoking and daily smok-
ing), mothers country of birth {Mor-
dic [ie, Sweden, Denmark, Finland, Tee-
land, and Morway] or non-Mordich,
maternal height and weight (mea-
sured at the time of entry to the deliv-
ery ward]), hypertensive disease dur-
ing pregnancy (ICD-8 code 627 and
ICD-9 code 6420, diabetes (pregesta-
rional and gestational diabetes melli-
tus [FCD-2 code 290 and ICD-9 codes
6484 and 648W]), and vaginal bleed-
ing inlate pregnancy (FCD-8 codes 632
and 651 and IC-9 code 641). Body
miass index (B was caloulated as the
weight in kilograms divided by the
height in meters squaned. Information
ghout the diagnoses of breast cancer was
derived from the Cancer Register
(ICD-F code 170). Cases were defined
a5 the first breast cancer diagnosed af-
ter the first birth.

The study was approved by the re-
search ethics committes at Karolinska
Institutet, Stockholm, Sweden. The re-
search ethics committes did not re-
quire the women to provide informed
COnSent.

Statistical Analyses

Cmde bivariate associations betareen the
independent variables and bresst can-
cer risk were assessed by unadjusted in-
cidence rates (ie, number of breast can-
cer cases per 100000 person-years).
Adjusted associations between hor-
mone exposures amnd breast cancer risk
were sescssed by weighted Cox propor-
tional hazards models. The time scale
used was time since pregnancy, and to
control for the effects of both arained
age and age at first birth, we chose to
condition Careigh) the analysis on age at
first birth in S-year age bands.

The f-:-lh:-wmg factors were inchided
in the models: placental weight, birth
wright, gestational age, infant sex, fam-
ily sitnation, smoking habits, mother's
country of birth, height, BMI, pregnancy-
induced hypertensive discases, vaginal
bleeding in late pregnancy, diabetes
mellitus, and parity. Becawse oo of the
total population only 10 women with
diabetes mellimslater developed breast
cancer, diabetes mellions was not in-
cluded as a covariate in the analysis of
snceessive hirths and in the stratified
analyses, Parity was adjusted for by in-
troducing subsequent births as time-
dependent covariates, splitting the risk
tirne acr_-:urding Lo parities 1, 2, and 3 or
more. Gestational age was estimated in
completed wecks and categorized as 36
or less, 37,38, 39, 40, 41, and 42 or more
weeks, Other variables were catego-
rized according vo TABLE 1.

The hazard ratio was vsed asa mea-
sure of relative risk, vsing 93% confi-
dence intervals (Cls). To test for trend ,
the categories for placental weightand
birth weight were equidistantly scored
and entered as continuons variables into
the designated Cox proportional haz-
ards models.

Different models were used to ana-
Iyze the associations between placen-
tal weight, birth weight, and risk of
breast cancer. First, placental weight and
birth weight were vsed as continuous
variables, and estimated risk of breast
cancer related toa 100-gincrease in pla-
cental weight and a S00-g increase in
birth weight. The possibility of using
quartiles o categorize placental weight
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Table 1. Fregnagéjr and Infant Characteristics (Pimiparous Women In Saeden, 1982-15%83)
I

In Relation to Un

sted Incldence Rates of Breast Cancar (=314 0 95*

Breast Cancer, Mao.

Characteristion Cohaort, Ho. (%) {Imcidarcs Ratsit
Facentd weight, g
=450 48512 20,43 287 (395
E00-E T SRR (3AE) E26{d.31)
E00-E00 G4984 (27 .4) 428 {470
=700 44433 118.7 33 {530
Ifiesing TEHE1 BEE 4. 7E)
Birth “ﬁgt.g
=24 14328{4.8 100 {4 260
2500345 155 758 (49,5 1045 {4 38
FE00-4490 135508 43,7 1000 {4733
=400 721 {14 S2iEAa)
I<fesing 1623 16537
Geaterlional age, wd
=35 15204 5.3 116 ES
ar-ae 2038 LE G7d {445
400-d41 154 587 (49,25 1073453
=42 44 i {145 354 {5.14)
Il eeox
By 161 474 {51.4% 1152 4 25
Gil 152 514 {485 10Ed {4 58]
Ifiesing # o
*Broas cancer aflar Mirsl birth bul before Jamaary 1, 2002,

TUnedusted Inddance mhes par 10000 panson-yearn

(=500 g, $01-580 g, $81-660 g, and
=661 gi and birth weight (=3110 g,
3111-3440 g, 3441-3763 g, and =3766
g) then was investigated. Thus, the dif-
ferencein placental weight between the
highest and lowest quartiles may be as
small as 161 g, and the cormesponding
difference for birth weight may be as
small as 656 g. A problem also arose
with imprecise measurements of pla-
cental weights becanse weights primar-
ily were recorded to the nearest 30- or
100-g category. Categorizing placen-
tal weight and birth weight into quar-
tiles therefore may not be optimal, since
it provides a narrow range of expo-
sures and a risk of misclassifying pla-
cental weight. To provide awider range
of exposures and to reduce the sk of
misclassification of placental weight, the
risk of breast cancer related o placen-
tal weight and birth weight in first birth
was analyzed vsing the following cat-
egories of placental weight: 499 g and
less, S00 to 599 o 600 0 699 g, and 700
g and more; and birth weight: 2499 g
and less, 2300 to 3400 g 3300 to 4499
g.and 4500 g and more.
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A secondary analysis included the
risk of breast cancer asit related to pla-
cental weight and birth weight in the
first as well as the second birth. Again,
similar weighted Cox hazards regres-
sion models were applied as above, with
the difference that they were condi-
ticned by mother’s age at second birth
and adjusted for mother's age at first
birth. To redoce the mumber of com-
binations, 2 categories of placental
weight (=490 g, S00-699 g and =700
g} and birth weight (=2499 g, 2500-
3090 g oand =4000 gl were used in
these analyses,

Whether the effect of placental
wieight on breast cancer risk was mosdi-
fied by maternal age at first birth and
time of follow-up also was investi-
gated. To maximize power, only data
from first birth in the entire cohort in
the interaction analyses were used and
maternal age at first birth by median age
amnong cases (=30 years and =31 years)
was dichotomized. Time of follow-up
was dichotomized vsing median time
from date of first delivery to date of
breast cancer disgnosis (median time

of follow-up was 11 years and 7
months). In the interaction analyses, 4
categorics of placental weight were used
(=409 g S00-599 g &00-620 g and
=T00 g). Stavistical analyses were per-
formed vsing the SAS program pack-
age (SAS Institute Inc, Cary, MC). An
outoome with Pel.0% was considered
statistically significant.

RESLULTS

In the cohort of 314 019 women who
delivered their first singleton birth be-
tween 1982 and 1989, 2216 (0.7%) de-
vieloped breast cancer during the time
al follow-up, of whom 2100 {95% ) were
diagnosed before age 50 years.

Table 1 and TABLE 2 show the distri-
bution of pregnancy and maternal char-
acteristics at first birth in relation toun-
adjusted incidence rates of breast cancer
E-:-r 10000 person-years for the entire co-

ort. The incidence rate of breast can-
cer consistently increased with placen-
tal weight (3,99 for =409 gand 530 for
=700 g (Table 1), Women who deliv-
ered an infant with a high birth weight
(=4500 g) had a higher incidence rate
of breast cancer than women who de-
livered infants with a lower birth weight.
Rates of breast cancer were increased
among women with a post-term birth
(=42 weeks) compared with women
with shorter gestation times. A strong
positive asscciation between maternal
age at first birth and incidence rate of
breast cancer was observed; that is, the
aolder the mother the higher the inci-
dence rate of breast cancer (Table Z).
Since maternal age at First birthwas rela-
tively evenly distributed over tme, this
association primarily was mediated by
age at first birth reflects age at follow-
up. However, the well-documented
effect of age at first birth per se on risk
of bresst cancer® also most likely con-
tributed tothe obtained association. The
incidence rate of breast cancer also in-
creased with maternal height. Women
with a high BM1 (=29.00 had lower in-
cidence rates of breast cancer than those
women who had lower BMIs, and smolk-

ers during pregnancy appeared to have
lower incidence rates of breast cancer

than nonsmokers.

E2005 American Medical Association. All righls reserved.



In the adjusted analyses, placental
weight and birth weight as continu-
ous variables were analyzed first. The
ad justed hazard ratio of breast cancer
related to 100-g increase in placental
weight was 1.O7 (93% CI, 1.02-1.13;
P=.01) in the fully adjusted model.
When birth weight was excluded as a
covariate, this risk increased (ad-
justed hazard ratio, 109, 93% C1, 1.03-
1.14; P=.001 ). Birth weight was not sig-
nificantly associated with breast cancer
in the fully adjusted model, and the ad-
justed hazard ratio of breast cancer that
related to a 500-g increase in birth
weight was 105 (95% CI, 0.97-1.14;
P=.21). However, when the analysis
was repeated after excluding placental
weight, the risk of breast cancer re-
lated toa S00-gincrease in birth wreight
amounted to an adjusted hazard ratio
of 1.11 (93% CL, 1.04-1.18; P<.001).

Compared with women who had a
placental weight of less than 500 g,
women who had a placental weight of
at least 700 g faced a 28% increase in
risk of breast cancer { TABLE 3). Inage-
adjusted analysis, mothers of infants
with a birth weight of at least 4500 g
had a 30% increased risk of breast can-
cer compared with mothers of infants
with a birth weight between 2500 and
3499 g However, this increase in risk
disappeared in the adjusted analysis
(Table 3). When placental weight was
excluded from the fully adjusted model,
the corresponding risk was 1.22 (95%
Cl, 0.86-1.73].

Compared with women with only 1
birth from 1983 through 2001, women
with at least 3 births were at rechuced
risk of breast cancer (adjusted hazard
ratio, (L77; 93% CI, (L64-0.92) Women
who were taller had an increased risk
of breast cancer (adjusted hazard ratio,
1.33;95% 1, 1.08- L63) compared with
women with a height from 165 to 169
cm. Compared with women with a BMI
from 2.0 to 26.9, women with a BMI
of 29.0 or more had a reduced risk of
breast cancer {adjusted hazard ratio,
0.85; 95% C1, 0.72-0.99), Women with
diabetes mellitns had higher placental
weights thanwomen who did not have
diabetes mellitos {median weights were

2005 American Medical Assaciation. Al rights reserved.
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580 g and 610 g, respectively; P=.001,
using the Wilcoxon rank sum test).
Howrever, diabetes was not associated
with breast cancer risk, neither in the
age-ad justed nor in the fully ad justed
analyses (hazard ratics were 0.77 [95%
C1,0.41-1.43] and 1.07 [99% I, 0.91-
1.25], respectively). Younger women
more often were smokers than older
women, and smoking during preg-

nancy was, in the age-adjusted and fully
adjusted analyses, not associated with
risk of breast cancer. Other factors,
including gestational age, infant sex,
family sitvation, mother’s country of
birth, and pregnancy complications, did
not influence breast cancer risk (data
not shown).

Mext, our study population was
restricted to 121 285 women who had

. _________________________________________ |
Table 2. Materna Characteristics (Pimlparous Women In Saeden, 1982-1933) In Relation to
Unadjusted Inddence Rates of Breast Cancer (M o= 314 01 95*
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dge ot frst bith, ¥

=18 21370 3 0a

203 119402 (=0 HE{LTH

25-2 114 £44 (35,5 B30T

0 44 724 (14.3 B3 (9.35)

=3 13211145 4 ;20,43
Hsight, cmi

=163 3024 (12.4) 177375

150154 G D7 (26.8) 44074, 25

125120 TV ET0 (0.5 S35 (A5

=170 TEOE (20,0 B2 {520

Iiszing BIBEE A1 {d.62
=8|

=43 G767 (20.4) AET {4,440

25-25.8 0432 (25.4) 48 5,05

-2 48338 (20,3 AT2E.0

=2 G 628 (25,9 FEG{3.E

Idizeing TEAED 53460
Smckirg

Mo 150 642 7.3 1445 (4.7

Ve a4 243 (20.7) SE0 {405

Iizeing 3013 241 {485
Family stuation

Cohabiting 267 EE 9.5 1878 {4.61)

Mot cohabiting 243284 1566 4.25)

Iizeing 21661 18z {4a7
Country of birth

Mordia 203 3 AT 2070{d.68)

MorrMondia 19615 (63 154 74,70

Iizeing 10E 12 (8.4
Pragnancy-rduced

hiypeer torisive chesomes.

I 200 EE3 (503 2064 {4.680
‘e 21435 (648 162 {482

Ciabetes rmedius

Mo 312421 (2895 206 (4.5

Ve 1698 05 107425
va;l‘l-'g e B05 85 (97.4) 2146{4.6T

Van acad 25 TOSET
Cheeral 408 2216

Abu'n-.l-wm:EMI.bmrmmrm.cﬂcuhbdm“whlhunﬁﬂudmwrmhmmm

*Bract cancer
Hrecusted Inclderoa rates per 10000 person-yeans.

after st birth bt Bafore Jaruany 1,

(Reprinbedy M4 A, November 16, 2005—vol 204, Mo, 12 2477



PREGHAMCY CHARACTERISTICS AND MATERMAL RISK OF BREAST CANMCER

their first and second consecutive  after the second birth. To increase the
single births during the stdy period,  power of our estimates, only 3 catego-
of whom 881 developed breast cancer  ries of placental weight { =459 g, 500

. ____________ _______________________ |
Table 3. Macental Welght and Birth W=lght In First Birth and Hazard Ratles of Breast Cancer
Hazard Ratio (85%: Gl by Placsrtsl Weight, g

1 Pfor
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Orly age-ofusted® 1100 141 {0.87-1.50) .22 {051 410) 134115186 .00
Fuly achustedt 1.00 107 LE0H1.2T 17 0871 410 131316, 0
Birth 'Wa=ight, g
I 1
=2420 2500- 1450 2300-4423 =4500
Orlyage-odusted  0U08 DACH 50 1.00 11 {1021 247 4.500088-1.78 O
Fuly adpsiedt 0489 DE3-1.27 1.0 100 0ET-1 45 1@ om-1en M
Abbrestation: Cl, confidenca infarsal.
*Hazandratios are sratfication for makemal age al irst bith.
tHazard radces are shatifed for ma agn:lmlblmu-d st for gersiabioral ags, Imlant sew, age ot frst birk,
ek maass Inckes, Smiok ol birth, Hrecuced i clesses, dia-
= n'rallm..m-:l I:ha-.;';g Iz In e anakeds a5 a Ame-dependent cosor-
mmm -:-:r.:.l:n:ll:n:vl'ﬂ'n tlrﬂ1'.'.w;1llfa:|.:.l:n:ll:r antalwaight In grams)

Table 4. Macental Welght and Birth Weight In First and Sscond Consscutive Births and
Hazard Ratics of Breast Cancer (n= 121 285)
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to 690 g, and =700 g} and birth
weight (<2449 g, 2500 1o 3999 g, and
=4000 g) were used. Compared with
women whose placentas had a weight
of less than 300 g in both pregnancies,
women whose placentas weighed
between 300 and 699 g in the first
pregnancy and 700 g or more in the
second pregnancy {or vice versa) faced
an B2% increase in risk of breast can-
cer (adjusted hazard ratio, 1 .82, 93%
Cl, 1.07-2.08), and the comesponding
risk among women whaose placentas
weighed at least 700 g in both preg-
nancies was more than doubled (ad-
justed hazard ratio, 2.05; 95% CI,
1.15-3.64) (TABLE 4). A high birth
weight (=4000 g) in 2 successive
births was asscciated with a significant
incresse in risk of breast cancer before
but not after adjusting for placental
weight and other covariates (adjusted
hazard ratio, 1.10; 95% C1, 0.76-1.59).

In the entire cohort (N=314 019}, a
significant interaction was observed be-
tween maother’s age at first birth and pla-
cental weight with regard to breast can-
cer risk (P=.02). Among women aged
30 years or younger at first birth, pla-
cental weight was not significantly as-
sociated with increased risk of breast
cancer (TABLE 3}. In contrast, among
women aged 30 years or older at first
birth, the risk of breast cancer was in-
creased by close to 705 among women
whao had a placental weight of at least
T00 g, compared with women who had
a placental weight of less than 500 g
tadjusted hazard ratic, 1.67; @5% C1,
1.21-2.30; P=.001). In addition,
whether the association between pla-
cental weight and breast cancer risk was
modified by time of follow-up, vsing
median time from first delivery to breast
cancer diagnosis as a cut-off, was tested.
Mo statistically significant interaction
was found between placental weight
and time of follow-up with regard to
breast cancer risk (P=.12).

COMMENT

In the present population-based
cohort study, mother's risk of {pre-
dominantly premencpavsal ) breast can-
cer increased with placental weight.

25 American Medical Association. All rights reserved.



Compared with women who had a low
placental weight { =499 ghin 2 succes-
sive pregnancies, the risk of breast can-
cerwas dowbled smong mothers whose
placentas weighed 700 g or more in
both pregnancies. High birth weight
was associated with an increase in risk
of breast cancer before but not after ad-
justing for placental weight and other
COVaTiates.

Cur finding of a positive association
betareen placental weight and bresst can-
cer risk may reflect that exposures toel-
evated leveds of pregnancy hommonesin-
Auence the risk of breast cancer. The role
of estrogens in breast carcinogenesis is
well established, and serum estrogen lev-
els are at least 10 times higher during
pregnancy commpared writh ather dmes of
life.” Estradiol is considered more bic-
logically active than estricl.” However,
estriol is the dominating estrogen dur-
ing pregnancy,™ and matemal serom Leyv-
¢ls of estriol have, in contrast to mater-
nal serum levels of estradiol, been
positively associated with placental
weight.”

The association between placental
weight and bresst cancer risk also may
be explained by exposures to other hor-
mones or other maternal factors, For ex-
ample, maternal serum levels of the
anti-estrogenic hommones testosterone
and oe-fetoprotein also increase during
pregnancy'™ ! and are forther increased
among women with precclampsia, '™
Froeclampsia has been associated with
a reduced risk of breast cancer,'***
and the occurrence of presclampsia
interferes with placental growth and
function.®* If high serum levels of tes-
tosterone and c-letoprotein are associ-
ated with low placental weight, the
antiestrogenic effects of these hor-
mones may explain the association be-
pween low placental weight and Low risk
of breast cancer. Insulin-like growth
factors also are important for breast
carcinogenesis,® and placental weight
hrs been shown o be positively associ-
ated with maternal serum levels of
insulin-like growth factor 1.°

Finally, several maternal factors
may influence both placental weight
and maother's sk of bresst cancer. We

2005 American Medical Association. All rights reserved.
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controlled for the possible influence of
parity, maternal height, body mass
index, smoking, and hypertensive dis-
cases during pregnancy, but only
maternal height is positively associ-
ated with both placental weight and
premenopavsal risk of breast can-
cer.’#+# Ethnicity was not an issue,
since we primarily included white
women and also controlled for moth-
er's country of birth. We did lack
information about weight gain during
pregnancy, which has been shown to
b positively associated with placental
w'ﬂght“ and overall risk of breast can-
cer.™ The influence of fetal factors on
placental growth may be limited,
beecanse placental growth precedes and
influences feral groweh, ===

We found that the association be-
ereen placental weight at first birth and
breast cancer risk may be more pro-
nounced among women aged 30 years
o older at first birth. Theseresults sup-
port previcus findings of a largershart-
verm increase in the risk of breast can-
cer after childbirth amongwomen who
wiere older (35 years or older) at their
first delivery.®® The transient in-
creased risk of bresst cancer afier child-
birth has been suggested toreflect a pro-
motional effect of elevated pregnancy
hommones on premalignant or presx-
isting malignant cells, and women in
higher childbearing ages are more likely
to harbor tumor cells whose malig-
nant rransformation have already be-
gun.” Results from a Danish study in-
dicate that a possible association
berween high birth weight and in-
creased risk of breast cancer may be re-
stricted to breast cancer ocourring
shortly after delivery® We could not
demonstrate that time since delivery
modified the effect of placental wr:Lght
but our study includes primarily
wiomen with premen opansal breast can-
cer. Hence, we cannot exclude that the
risk of breast cancer related to placen-
tal weight may be modified by time of
Fallow-up.

Birth weight also is positively asso-
ciated with matermnal seram levels of es-
trogen ! Wi cbeerved that birth weight
was positively associated with in-

creasad breast cancer risk before but not
after adjusting for placental weight. Be-
cause the placenta is the major source
of most pregnancy hommaones, this find-
ing seecms reasonable, given the close
correlation between placental weight
and birth weight.™

Wi could not replicate previous find-
ings that hypertensive diseases during
pregnancy have a protective effect on
amothersrisk of developing bresst can-
cer 12522 Information on hyperten-
sive discases predominantly was based
on diagnestic codes vsing ICD-2, and
results from a previous validation smdy
suggested that the specificity of the di-
agnoses “hypertensive discases dur-
ing pregnancy” was much lower using
ICD-8 than ICD-9 codes.™ Thus, we
cannot exclude that the negative re-
sults in cur study may reflect an im-
precise classi fication of EXPOENTES.

The Swedish Birth Register pro-
vided a powerful study base, and iten-
abled vs to include information from
first births of more than 2000 women
who later developed breast cancer. Cur
data set also permitted adjustments for
total parity and cther known and pos-
sible risk factors for breast cancer. Be-
cause the large majority of cases were
diagnesed before age 50 years, itis un-
likely that confounding by menc-
pauvs=al status cocurred. In contrast to
previous studies, we were able toin-
clude information on placental weight
and ather maternal exposures from 2
consecutive pregnancies in a large co-
hort of women. Information about the
exposures was collected prospec-
tively, which precludes recall bias.

Growth of the placenta stops earier
than fetal growih,?” and degenerative
changes in placental tissue are com-
mon at term. ™ Flacental weight in-
cludes both vital and degenerative pla-
cental tissue and is probably an
imprecise measure of the endocrine ca-
pacity of placental tisswe. Moreover, the
amount of blood in the placenta infh-
ences placental weight, and rontines o
clear the placenta from bload after
childbirth may differ betaeen hospi-
tals. In the present investigation , infor-
mation about placental weight was
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missing in approximately 24% of all
pregnancies, but it is unlikely that sys-
tematic differences exist in postpar-
tum routines of placental manage-
ment between women who later
develop and those whe do not de-
velop breast cancer. Thus, such short-
comings should, if anything, bias the
results toward the null. Motwithstand-
ing these potential limitations, our
study was able to demonstrate a sub-
stantially increased risk in maternal
breast cancer associated with higher pla-
cental weight.

W wene limited to the available in-
formation found in the Seedish regis-
ters. Importantly, we had ne informa-
tion on hormene measurements during
pregnancy. and we had to rely on in-
direct hormone markers. We also
lacked information on familial history
of breast cancer, and both breast can-
cer and birth weight are at least partly

genetically determined.” ™ Minety-five
percent of the included breast cancer
cases were diagnosed before age 50
years, and our conclusions should be
restricted to women with premenc-
pausal breast cancer.

Cwir findings support the hypoth-
esis that exposure to pregnancy hor-
mones during the limited time-
window represented by a pregnancy
appears to influence mothers’ subse-
quent risk of breast cancer. In addi-
tion, placental weight appears to be a
better indicator of the hormonal mi-
liew than birth weight or other in-
cluded birth parameters. Underlying
biological mechanisms responsible for
the observed associations may not only
b limited o a direct growth enhanc-
ing effect on breast cells during child-
bearing, but alse may be due to mater-
nal characteristics or genetic factors
associated with placental growth.
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