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INTRODUCTION

Prefix

This grant was in principle awarded in the summer of 2000. However, we were not allowed to start

the project before human subject protection issues had been solved. We on our part had difficulties

understanding what exactly was required in terms of documentation but this was finally solved

during the fall of 2000. We did not receive an official response and wrote a letter on December 4,

2000 to learn of the status of approval. By e-mail response dated December 15, 2000, we were told

that the acting chair approved our study and that we would be hearing soon from the contracting

office. Final approval to initiate the study was given on March 6, 2001.

While waiting for permission to start the study on Early life events and risk of breast cancer we

worked on two other studies that grew out of our first US Army grant (DAMD17-96-1-632 1).

These have in the meantime been finished and resulted in the following reports:

Study 15: Kroman N, Wohlfahrt J, Mouridsen HT, Melbye M. Influence of tumor location on breast

cancer prognosis. Int J Cancer 2003; 105:542-545

Study 16: Kroman N, Holtveg H, Wohlfahrt J, Jensen MB, Mouridsen HT, Toft MB, Melbye M.

Effect of breast-conserving therapy versus radical mastectomy on prognosis for young women with

breast cancinoma. Cancer 2004; 100:688-693

Reports on study 15 and 16 are enclosed as appendix A and B.

Background and aims of the project (DAMD17-00-1-0447)

The aim of the new project was to study the importance of early life events for the risk of breast

cancer. Specifically we wanted to study the influence of birth weight and growth during childhood

and adolescence on risk of breast cancer in a cohort of more than 150,000 girls on whom

information on birth weight and between 6 and 8 subsequent measurements of weight and length

during school years was available on their school charts. These measurements had been recorded

prior to and independently of the outcome (breast cancer) and as such they were free from recall

bias.
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It has been quite an undertaking to establish this database, perform the necessary linkages, data

cleaning and finally the analysis of a very complicated dataset. For logistical reasons we decided to

divide the analytical work in two, an initial phase in which we first addressed objective number one

in our proposal (is there an association between birth weight and risk of breast cancer?). In the

meantime we computerized subsequent information from the school health records which enabled

us to address the remaining objectives regarding the potential influence of growth during childhood

and adolescence and age of menarche on risk of pre- and postmenopausal breast cancer..

Study 1. In 1990, Trichopolous hypothesized that breast cancers may originate in utero 1. The idea

is based on the assumption that endogenous oestrogens are important in the aetiology of breast

cancer, and that the first exposure of the mammary gland to high concentrations of oestrogens (10-

100 times the oestrogen levels achieved later in life) occurs in utero 1. At this early stage, the

mammary gland is largely undifferentiated and may be particularly susceptible to influences that

could increase the risk of cancer through accelerated cell growth or by being more prone to

exogenous carcinogenic stimuli 1. Studies have shown that birth weight is associated with oestrogen

levels during pregnancy which suggests that birth weight is a useful proxy measure of intrauterine
2-4oestrogen measure

Studies on the association between birth weight and risk of breast cancer have, however, yielded

somewhat conflicting results. Overall, the available literature on birth weight is suggestive of an

intrauterine effect on later risk of breast cancer especially for premenopausal breast cancer, but the

evidence is in many cases based either on studies with small sample sizes or on data of recalled

events that occurred many decades earlier -

Study 2. Critical periods of early growth, including prenatal growth, may influence the risk of

breast cancer. However, most studies have focused on adult measurements, and have shown that tall

women have an increased risk of both pre- and postmenopausal breast cancer,25 whereas obesity is

associated with a reduced risk of pre-menopausal breast cancer, and an increased risk of post-

menopausal breast cancer.26 The extent to which these associations in adults reflect growth patterns

in early life is unknown. A better understanding of the association between early growth patterns

and the risk of breast cancer could improve our understanding of the mechanisms of the disease and

prove important for prevention.
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BODY

Study 1:

Study population

The study cohort consisted of 161,063 girls born between 1930 and 1975 who attended school in

Copenhagen, Denmark. In this period school health records were kept for all pupils. The health

records were filled in by nurses or physicians in the school health services on a yearly basis from

school start until the child left school. Either or both parents accompanied their child to the first

visit, at which they reported the child's birth weight. The complete records are now kept at the

Copenhagen City Archives and contain information on e.g. the child's name and date of birth, birth

weight and the mothers' name.

The Danish Civil Registration System (CRS) was established on 1 April, 1968 from which date

all residents and newborns in Denmark have been given a unique 10-digit person identification

number (the CRS-number). The CRS includes information about name, place of birth, and parental

identity on all Danish residents and is updated daily with respect to vital and migration status. All

other national registries in Denmark, which record individual information, are based on the CRS

number, thus serving as a unique key for linkage studies. Information from the CRS have been used

to generate a population-based relational database, the Birth Order Study database (BOS),

containing information on all men and women born during the period 1 January 1935 to 31

December 1998, who have been assigned a CRS-number 20. This database contains close to

complete information on sibships of children born to these women, parity of women and links

between family members. The completeness of the linkage between mother and child in BOS has

been estimated to 97,3% for children born before 1968, and complete information for children born

hereafter 21.

Information from the school health records has been computerized and linked to the CRS using

an algorithm that matched on birth date and name. This resulted in the identification of CRS-

numbers for 141,481 girls (88%). The lack of identification of the remaining 12% is partly due to

death and emigration before 1 April 1968. Of the 141,468 girls with a CRS-number 106,405 (75%)

had information on birth weight.
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Ascertainment of cases

Information on incident breast cancer cases was obtained from the Danish Cancer Registry and

from the Danish Breast Cancer Cooperative Groups Registry. The Danish Cancer Registry was

established in 1942 and is considered close to complete with respect to cases of malignant diseases

diagnosed in Denmark since 1943 22. The Danish Breast Cancer Cooperative Groups Registry

(DBCG) was established in late 1976 for the purpose of standardizing and evaluating the treatment

of breast cancer in Denmark 23. in addition to information from the Danish Cancer Registry, DBCG

contains information on tumour size and histology, oestrogen receptor status, nodal status, and

subsequent treatment.

Statistical methods

The association between birth weight and breast cancer risk was estimated in a cohort design

using log-linear Poisson regression. Follow-up for breast cancer began 1 April 1968, or the date of

birth, which ever came last, and continued until a diagnosis of cancer, death, emigration, or 31

August 2000, which ever came first.

Adjustment was made for age (quadratic splines with knots: 35, 40, 45, 50, 55 and 60) and

calendar period in 5-year intervals 24. In additional analyses, adjustments were made for age at first

birth (nulliparous, 12-19, 20-24, 25-29, 30-34, 35+) and parity (0, 1, 2, 3, 4+).

The relative risk increase per 1000 g increase in birth weight was estimated by treating birth

weight categorized in intervals of 100 g as a continuous variable. The numerical value assigned to a

given category was chosen as the median of the distribution of birth weight within the category. The

log-linear assumptions underlying the trend estimation of birth weight were checked in two ways.

Firstly by a likelihood ratio test comparing the models with birth weight treated as a continuous and

a categorical variable, respectively. Secondly by evaluating the effect of including a quadratic term

in the trend analysis.

Poisson regression was uses instead of Cox regression because of the computational efficiency in

large datasets. Estimation using Cox regression with age as the underlying time variable gave

identical estimates of the main trend and the confidence interval.

Women with recorded birth weights greater than or equal to 6000 g or less than or equal to 500 g

were excluded from the main analyses due to a high risk of misclassification in these groups. All

analyses were carried out using the SAS statistical software release 8.02 (specifically the PROC

GENMOD procedure).
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TABLE 1. NUMBER OF BREAST CANCER CASES AND PERSON YEARS OF FOLLOW UP BY AGE,

CALENDAR PERIOD, BIRTH COHORT AND BIRTH WEIGHT.

cases (%)
COHORT CHARACTERISTICS (Total = 2,334) PERSON YEARS / 1,000 (%)

(TOTAL = 3,256)
Age

0-29 32 (1.4) 1452.7 (44.6)
30-39 343 (14.7) 852.9 (26.2)
40-49 1037 (44.4) 629.1 (19.3)
50-59 827 (35.4) 297.2 (9.1)
60+ 95 (4.1) 23.6 (0.7)

Calendar Period
1968* - 1979 145 (6.2) 1167.6 (36.4)
1980 - 1989 624 (26.7) 1022.8 (31.4)
1990 + 1565 (67.1) 1045.1 (32.1)

Birth Cohort
1930-1939 587 (25.2) 313.4 (9.9)
1940- 1949 1387 (59.4) 606.5 (38.4)
1950- 1959 325 (13.9) 445.3 (25.5)
1960 + 35 (1.5) 534.9 (26.2)

BIRTH WEIGHT

501 - 1499 g 5 (0.2) 13.5 (0.4)
1500-2499 g 125 (5.4) 191.6 (5.9)
2500-2999 g 305 (13.1) 522.6 (16.1)
3000 -3499 g 846 (36.3) 1207.5 (37.1)
3500- 3999 g 717 (30.7) 938.5 (28.8)
4000 -4499 g 248 (10.6) 298.0 (9.2)
4500 - 5999 g 88 (3.8) 83.8 (2.6)

* Follow-up began 1 April 1968

Estimation of the increase in breast cancer risk according to tumour diameter (< 2 cm, 2-5 cm, >

5 cm), nodal status (negative or positive) and oestrogen receptor status (negative or positive) by

1000 g increase in birth weight were performed as a competing risks analysis, i.e. with censoring

as above but counting only the selected case-category as cases.

Result

Number of breast cancer cases and person-years of follow up by age, calendar period, birth

cohort and birth weight category are shown in table 1. A total of 2,334 cases of primary breast

cancer were diagnosed in the cohort during 3,255,549 years of follow-up. Of these, 922 (40%) were

diagnosed with primary breast cancer at the age of 50 years or older.
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In our main analysis we found a significant positive association between birth weight and breast

cancer equivalent to a 9% increase in risk per 1000 g increase in birth weight (95% CI 2% to 17%).

If all registered birth weights were included in the analysis (i.e. including birth weight registered as

being below 501 g or above 5999 g) the increase in risk was 8% per 1000 g (95% CI 1% to 16%).

Data and trend is shown on figure 1.

2,0
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0.9
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Birth weight

Figure 1. Adjusted relative risk of breast cancer in birth weight intervals of 200 g compared to
women with a birth weight between 3000 g to 3199 g. Due to small numbers at the end of the
distributions we have grouped the birth weights as: < 2000 g, 2000 - 2399 g, 2400 - 2599 g, 2600 -
2799 g, 2800 - 2999 g, ... , 4600 - 4799 g, > 4800 g. The numerical value assigned to a given
category was chosen as the median of the distribution of birth weight within the category.
Adjustment is made for age and calendar period.
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TABLE 2. INCREASE IN BREAST CANCER RISK PER 1000 G INCREASE IN BIRTH WEIGHT
ACCORDING TO AGE. ADJUSTED FOR CALENDAR PERIOD.

Age (years) cases
(Total = 2,334) RRper looo g (95% CI)

0-40 375 1.07 (0.90-1.28)

40-44 453 1.08 (0.92- 1.26)

45-49 584 1.20 (1.04 - 1.38)

50-54 502 1.08 (0.92- 1.25)

55-59 325 1.09 (0.91 - 1.31)

60 + 95 0.77 (0.56 - 1.07)
Test for difference p = 0.30*

Similar analysis but with binary age groups (< 50 years and ? 50 years) revealed no difference in

trend according to age, p = 0.29

Table 2 shows the increase in breast cancer risk by 1000 g increase in birth weight stratified by

age. The risk increase by birth weight did not vary with age (p=0.30). Analysis of the trend

according to year of birth and period likewise showed no variation (data not shown).

To investigate the association with tumour characteristics we used additional data from DBCG

on tumour size (<2 cm: N=-1132, 2-5 cm: N=680, > 5 cm: N=1 59, missing: N=363) nodal status

(node neg: N=1097, node pos: N=859, missing: N=378) and oestrogen receptor status (ER pos:

N=1087, ER neg: N=469, missing: N=778). Estimating the increase in risk of breast cancer

according to tumour characteristics by 1000 g increase in birth weight revealed no systematic

differences in the trend by tumour characteristics at diagnosis (data not shown).

To further validate the results three additional analyses were performed. Firstly, parity and age at

first birth was known for women born in 1935 and later. No confounding effect was found when

adjusting for these factors (RR = 9% per 1000 g, 95% CI 2% to 17%). Secondly, some of the

identified women had missing information on birth weight. Their breast cancer risk did not vary

significantly from women with known birth weight, RRunknown vs known=0. 9 4 (95% CI, 0.86 to 1.03).

Thirdly, the estimation was based on the assumption that the association between birth weight and

breast cancer can be described by a trend. Goodness-of-fit tests gave no indication that this

assumption was inadequate.
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Study 2.

Study population

Our study was based on the same cohort as in study 1 of girls born between 1930 and 1975, who

underwent regular health examinations in the School Health Service in the Copenhagen

municipality. A manual register of the school health records encompasses 161,063 girls. The

records include information on annual measurements of weight and height, age at menarche, and

birth weight as reported by the parents. Information from these school health records was

computerized and linked via name and date of birth to the Danish Civil Registration System (CRS).

The CRS was established 1 April 1968 and all residents and newborns in Denmark have since

been given a unique 10-digit person identification number (the CRS number) which is stored along

with information on name, place of birth, and parental identity on all Danish residents. The CRS

numbers serve as a unique key for linkage with other registries. CRS numbers were identified for

141,393 girls (88 percent) but were missing in the remainder mainly because of emigration, death or

changes in surnames before 1968. Information from the CRS was also used to create the variables

parity and age at each birth for cohort members.25' 26

Ascertainment of cases

Information on incident invasive breast cancer cases was obtained from the Danish Cancer

Registry (DCR) until the end of 1997 and from the registry of the Danish Breast Cancer

Cooperative Group (DBCG) through 2001. The DCR is considered close to complete with respect
27to cases of malignant diseases diagnosed in Denmark since 1943. For women under 70 years of

age at diagnosis the completeness of case registration in the clinical DBCG database is >95 percent

compared to the DCR.28

Statistical methods

Weight and height at ages 8, 10, 12 and 14 years were estimated by linear interpolation of the

last measurements before the birthday and first measurement after the birthday. If no measurements

after the 14th birthday existed but the levels at ages 8, 10 and 12 were known, the level at age 14

was predicted by best subset regression performed in STATA.29 BMI was calculated as weight (kg)

divided by squared height (in).

Age at peak growth was defined as the age between the two measurements that indicated the

maximum growth rate in height. The growth rate between two measurements was estimated as a

weighted average of change in height between the two measurements (weight: ½) and the change in

both adjacent intervals (weights: ¼ and 1¼). With only one adjacent interval the weights were 2/3
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and 1/3, respectively. Age at peak growth was estimated in women with 5 or more measurements

and where the maximum growth rate was estimated to be 3.5 cm per year or higher.

The association with breast cancer was estimated in a cohort design using log-linear Poisson

regression.30 Follow-up for breast cancer began at age 14 years or on 1 April 1968, whichever came

last, and continued until a diagnosis of cancer, death, emigration, or 31 August 2001, whichever

came first. Adjustment was made for age (quadratic splines with knots for each 5 years) and

calendar period in 5-year intervals.31 In additional analyses, adjustments were made for age at first

birth and parity.

Effect modification by attained age and difference in the effect of change in height and BMI

according to age intervals during childhood were evaluated by likelihood ratio tests of

heterogeneity. Trends were estimated by treating the categorized variables (assigned the median

within category) as continuous variables. The underlying log-linear assumptions were checked by

comparing with a categorical model using likelihood ratio tests.

Information on age at menarche had not been computerized originally along with measurements

of birth weight, weight and height. We therefore manually retrieved school health records in a

nested case-cohort design on all 2,005 women born from 1940 to 1970 who developed breast cancer

during follow-up (cases) and a cohort of 5,500 randomly chosen women stratified by birth cohort

according to the distribution of cases. Information on age at menarche was retrieved for 3,610 of the

women, 950 of whom had breast cancer.

Analyses involving age at menarche were performed using Cox regression with age as the

underlying time-variable and with birth cohort as stratum variable. The Cox regression analyses

(with robust estimation of variance to avoid overestimation of the precision due to the design-

induced over sampling of cases) were performed using the STCOX procedure in STATA v. 8

statistical software.29 Follow-up was as in the Poisson regression.

The population attributable risks were estimated for each variable in a scenario where each

woman was assigned the median in the lowest category (birth weight, height at age 14 years) or

highest category (BMI at age 14 years, age at peak growth) (Table 1). The population attributable

risks were for each Variable estimated based on the risk factor distribution presented in Table 1 and

relative risks (estimated from the trend) for each median value of the quintiles.

Results

In our cohort of 141,393 women the total number of sets of measurements of weight and height

was 1,128,505. Overall, 89.0 percent of the girls had 5-12 measurements (median=8). The median

age at first measurement was 7.2 years (standard deviation = 1.1 years) and the median age at last
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measurement was 14.5 years (standard deviation = 2.0 years). We limited all subsequent analyses to

the 117,415 women with complete information on weight and height at ages 8, 10, 12, 14 as well as

age at peak growth. In this cohort 3,340 cases of breast cancer were observed during 3,333,359

person-years of follow-up.

As shown in Table 1, the estimated age at peak growth and age at menarche (available in 3,610

women) were inversely associated with the relative risk of breast cancer. Height at age 14 was

positively associated with this risk, and BMI at age 14 was inversely associated with the risk of

breast cancer. Analysis of birth weight, performed on the 91,601 women for whom it was known,

showed a positive association with the relative risk of breast cancer. No confounding effect was

found when adjusting for parity and age at first birth.

We investigated whether growth in any specific age interval influenced breast cancer risk by

breaking down the association with height at age 14 as associations with height at age 8 and

increments in height between age 8 and age 14. We used the age at peak growth to subdivide the

age interval between 8 and 14 years age into the categories: "age 8 until peak year", "peak year"

and "peak year until age 14". Peak year was defined as the 12-month time period beginning 6

months prior to the calculated exact age at peak growth. Increase in height was significantly

associated with the relative risk of breast cancer within all age intervals after adjustment for BMI at

age 14, age at peak growth, age and calendar period (Table 2). The relative risk per increase in

height was similar in the three age intervals between ages 8 and 14 years (P=0.33, Table 2),

whereas the relative risk was significantly higher for changes in height between age 8 and age 14

compared with change in height before age 8 (p = 0.01, Table 2).

We modeled BMI in age intervals as described above with height. BMI adjusted for height at age

14, age at peak growth, age and calendar period was significantly associated with the relative risk of

breast cancer within all the age intervals (Table 2). However, the increase in relative risk per

increase in BMI was similar in all the age intervals (P=0.77, Table 2), and the increase in relative

risk was furthermore similar for changes in BMI between age 8 and age 14 compared with changes

in BMI before age 8 (P=0.10, Table 2). No association was found with weight (unadjusted for

height) at any age and the risk ofdbreast cancer (data not shown).
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Table 1. Adjusted* relative risk (RR) of breast cancer according to birth
weight, age at peak growth, age at menarche, height at age 14 and BMI at
age 14.

cohor ... ............ 17.. RR (95% ...

birth weight
(median of quintiles)

2.5 kg 381 1 (ref)

3.0 kg 392 0.98 (0.85-1.13)
3.4 kg 668 1.06 (0.93-1.20)

3.6 kg 150 1.05 (0.87-1.27)

4.0 kg 483 1.17 (1.02-1.33)

trend pr. kgf 2,074 1.10 (1.01-1.20)

age at eakrowth

(median of quintiles)

I11.9 year I 93 M-re)

56 oa t (3

1265yar20 1 .03 (0.851.6)

1. y 1.0 (0.90-1.3)

"tren ptr. year 90 3,340.6 (0.9 M 00)

age at menarche
(median of quintiles)

116.9 year 193 1 (ref)
12.6 year 201 1.03 (0.85-1.26)
13.2 year 209 1.09 (0.90-1.33)
13.7 year 183 0.94 (0.77-1.15)
14.4 year 164 0.83 (0.67-.102)

trend pr. year 950 0.96 (0.92-1.00)

height at age 1 4

(medin fiintles)
) tee9 dnoe 3bra

lwn40pi. f )ni4 -1 U 1. 1

BMI at age 14
(median of quintiles)

16.7 kg/rn2  644 1 (ref)
18.1 kg/rn2  692 0.96 (0.86-1.07)
19.1 kg/rn2  736 1.02 (0.92-1.13)
20.3 kg/rn2  711 0.99 (0.89-1.10)
22.4 kg/rn2  557 0.84 (0.75-0.94)

trend pr. kg/rn2* 3,340 0.97 (0.96-0.98)

*All variables were adjusted for age and calendar period, except for age at menarche, which due to the
case-cohort design was adjusted for birth cohort instead of calendar period as described in the
methods section

t Birth weight was only known for 91,601 of the 117.415 women, and of these 2,074 developed breast
cancer. Information on age at menarche was collected using a case-cohort design in 3610 women, and
of these 950 developed breast cancer.

f Adjustment for parity and age at first birth did not markedly change the trend estimates.
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Table 3. Association between early growth variables and breast cancer, overall and according to age of the
women.

all ages age < 0er age >ý 0 to~ ft ifcrd ,n
ccotdi tge

RR (95% CO) RR (95% CI) RR (95% CI)

birth weight 1.10 (1.01-1.21) 1.14 (1.01-1.28) 1.05 (0.91 -1.21) p=0.39
trend pr. kg

peak growtht 0.) (001Uc .00 98 (.9 103)
trend pr~~ Qyear0.V ~ :

menarche* 0.99 (0.91-1.07) 0.98 (0.88-1.08) 1.01 (0.87-1 .1 7) p-0.0 74

trend pr. year

h igh age 8tf I; ii I5 I• • 1i . 1 1 •,I (1 iii AS!~i 1. 1 1 1. 1 -- . )l- .

height increase
age 8 to age 104 1.17 (1.09-1.25) 1.15 (1.05-1.27) 1.18 (1.07-1.30) p=0.74

trend pr. 5 cm

BMI age 14 0H9 (0.93-0 ,)4012 ,9ýP=.9 -
trend pr.4 KN"><96g0/409> o9209) ,~

Adjusted for age at peak growth, height at age 8, height increase age 8 to age 14 and BMI at age 14. Further adjustment

for age at menache did not markedly change the estimate.

tMutually adjusted. Further adjustment for birth weight and age at menache did not markedly change the estimate.
* Adjusted for age at peak growth, height at age 8, height increase age 8 to age 14 and BMI at age 14. Further adjustment

for bgath weight did not markedly change the estimate.
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The correlation coefficients between the five variables in Table 1 as well as height and BMI at age 8

years were all less than 0.4 with three exceptions: height at age 8 and 14 (0.88), BMI at age 8 and

age 14 (0.74), and age at menarche and age at peak growth (0.60). The correlation coefficients with

birth weight were all less than 0.20.

After further mutual adjustment (Table 3) birth weight, height at age 8, height increase between

age 8 and age 14 and BMI at age 14 remained independently associated with breast cancer with

trends similar to those presented in Tables 1 and 2. Performing similar analyses in the nested case-

cohort, where age at menarche was known, revealed that adjustment for it did not affect these

associations.

The effect of age at peak growth was enhanced after adjustment for other growth factors,

whereas adjustment for age at menarche did not affect the association between age at peak growth

and breast cancer. Age at menarche was not associated with the relative risk of breast cancer after

adjustment for the pubertal growth factors (Table 3).

Only age at peak growth had a significantly different association in women younger than 50 years

(Table 3).

To evaluate the impact of these variables on the population, we calculated population attributable

risks under the assumption of causal associations. If all women had a birth weight in the lowest

category (lowest quintile), the number of cases would be diminished by 7 percent. Similar figures

for height at age 14 years, BMI at age 14 years, and age at peak growth were 15 percent, 15 percent,

and 9 percent, respectively.

KEY RESEARCH ACCOMPLISHMENTS

"* A significant association between birth weight and breast cancer was found equivalent

to an increase in risk of 9% per 1000 g increase in birth weight (95% CI 2% to 17%).

"* The increase was observed for all age groups, representing both pre- and post-

menopausal women, and irrespective of tumor characteristics. Adjustment for age at

first birth and parity did not influence the results.

"* Not only high birth weight, but also early age at peak growth, greater height, and low

BMI at 14 years of age were independent risk factors for breast cancer. Height at age 8
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years and the increment in height during puberty (age 8 to 14 years) were also

associated with breast cancer. No confounding by age at menarche, age at first birth

and parity was observed.

The attributable risk of birth weight, height at age 14 years, BMI at age 14 years, and

age at peak growth were 7 percent, 15 percent, 15 percent, and 9 percent, respectively.

REPORTABLE OUTCOMES

Publications:

Ahlgren M, Sorensen TIA, Wohlfahrt J, Haflidad6ttir A, Hoist C and Melbye M. Birth weight and

risk of breast cancer in a cohort of 106,405 women. Int J Cancer 2003; 107: 997-1000. (Appendix

C).

Ahlgren M, Melbye M, Wohlfahrt J, Sorensen TIA. Growth patterns and the risk of breast cancer in

women. N Engl J Med 2004; 351: 1619-26. (Appendix D). Editorial regarding this article is

enclosed as appendix E.

Databases:

Database on 161,000 women born 1930-75 with information on birth weight and yearly

measurements of weight and height during school years. Additional information regarding later

reproductive history and cancer outcome.

PhD thesis:

Ahlgren M. Birth weight and growth during school years and risk of cancer. PhD Thesis. University

of Copenhagen 2004, Copenhagen. (Appendix F). Opponents were professor Dimitrious

Trichopoulos, Harvard University School of Public Health, Boston, USA; professor Leiv Bakketeig,

University of Southern Denmark, Denmark, and professor Michael Rorth, Oncology Center, Danish

University Hospital Copenhagen, Denmark.
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CONCLUSION

Using a unique and very large collection of school health records combined with effective

follow-up, we found that high birth weight, early age at peak growth, greater height, low BMI at

age 14 years, and high growth rate in childhood -particularly around puberty - were all

independent risk factors for breast cancer. Our results are in accord with the positive association

between adult height and pre- and post-menopausal risk of breast cancer,25 and the inverse

association between BMI and risk of pre-menopausal breast cancer. 32 However, we also identified

specific periods of early growth that are important to the risk of breast cancer.

Birth weight, a proxy for in utero growth and prenatal exposures, has been studied by several

authors, and most 33
-
42 but not a1143-47 have found support for an association with breast cancer. In a

previous study of women from the same population but without information on subsequent growth

we also found a significant association. 48 In the present study, we show that the association of

breast cancer with birth weight is independent of the effect of subsequent growth patterns and

timing of puberty on the risk of breast cancer.

Four studies have explored the association between pubertal growth and the risk of breast cancer

in cohorts where actual measurements of weight and height were obtained, although on a much

more limited scale than in our study.39,40,49,50 In agreement with these studies we found BMI at ages

8, 10, 12 and 14 years to be inversely associated with the risk of breast cancer. By using height at

age 14 years, which serves as a good proxy for adult height,51 we also confirmed the finding of a

direct association between adult height and risk of breast cancer. Our finding of an increment in the

relative risk of 11 percent per 5 cm increase in height was very similar to results from a very large

study of adults.26 Our data allowed us to investigate whether the influence of final height was

modified by the growth pattern. Height at age 8 and the increment in height around puberty were

both associated with breast cancer, but the latter was stronger, suggesting a special impact of

pubertal growth. In contrast, analyses of BMI did not reveal any time interval in which changes in

BMI were of special importance.

We found a linear trend between decreasing age at peak growth and increasing risk of breast

cancer, which was independent of other measures. Adult height is only to some extent linked to

ages at peak growth and menarche, and it is possible that different factors control these variables.

Age at peak growth most likely reflects the initiation of puberty. In a Norwegian study age at
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menarche was found to increase breast cancer risk by 4 percent for each year of decrease in age at

menarche.5 2 We also found age at menarche was associated with a risk of breast cancer, but not

when age at peak growth was included. Thus, previous findings could reflect that age at menarche is

a proxy for age at peak growth or that both reflect the importance of age at onset of puberty.

Another indication of the importance of puberty was our finding that centimeters accumulated

between age 8 and 14 years conferred a higher risk of breast cancer than those accumulated up to

age 8 years.

We did not have information on family history of breast cancer, history of benign breast disease,

and hormone replacement therapy. Although these influence breast cancer risk they are unlikely to

vary by childhood height and weight and as such confound our estimates. Another limitation of our

study was the inability to analyze adult weight and BMI. Thus, whereas adolescent height is closely

correlated with adult height and hence well elucidated in this study, weight has a weaker

correlation. In a large population-based British cohort, height at age 16 years had a correlation of

0.92 with height at age 33 years compared to a correlation with weight of 0.63.51

To illustrate the quantitative contributions of the growth factors to the overall risk of breast

cancer we also calculated the population attributable risks under the assumption of causal

associations. If all women had a birth weight in the lowest category (lowest quintile), the number of

cases would be diminished by 7 percent. Similar figures for height at age 14 years, BMI at age 14

years, and age at peak growth were 15 percent, 15 percent, and 9 percent, respectively.

Our studies had sufficient power to detect weak, but relevant associations, and they avoided

various risks of bias. Information on birth weight and the measurements of height and weight was

recorded during school years, making differential misclassification unlikely. The validity of

parents' report of their child's birth weight(s) is very high.53 We based our cohort on all children

attending schools in a well-defined area of Denmark and followed them through our national

registries. The Danish social structure further diminished risk of diagnostic bias as free and equal

access to health care is provided for all citizens.

The biological background for our findings needs to be elucidated and mechanistic models

including modified susceptibility seem warranted. Adult height and the prevalence of obesity have

increased and the age at menarche has decreased within the last century,54'55 showing that changes

in some environmental conditions are important, probably operating in interaction with genetic

factors. Nutritional status, for example, is related to an increased gain in height in childhood and

earlier onset of puberty. 56
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An increased total number of menstrual cycles over a lifetime may explain the association

between the early onset of puberty (and thus early age at peak growth) and an increased risk of

breast cancer. However, this explanation may be too simple. Even a two-year delay in age at

menarche would result in only a limited number of "lost" menstrual cycles compared with the total

number of lifetime cycles. The breast epithelium undergoes final differentiation at first pregnancy

and it is a generally held belief that differentiated cells are less prone to carcinogenic effects than

undifferentiated cells. 57 Whereas some differentiation of breast epithelium occurs before the first

pregnancy, breast cells present before menarche are most likely the least differentiated. Since the

female breast begins developing well before the start of menstrual cycles58 it is possible that age at

peak growth is really an indicator of the age at which the breast starts growing, and hence an

influence on the risk of breast cancer.

Our finding that high BMI protects against breast cancer contrasts with studies showing that

overweight in girls is associated with earlier menarche. 59 This suggests that the effect of childhood

obesity on breast cancer does not occur via a contribution to the acceleration of puberty as early

menarche has an opposite effect of obesity. However, the estrogens produced by adipose tissue may

promote differentiation of the breast epithelium.

Overall, our results provide evidence that factors influencing fetal, childhood, and adolescence

growth are important independent risk factors for breast cancer in adulthood. Compared with known

risk factors such as age at first birth and parity, the association with early growth is of great strength

and independent hereof, indicating that the exposures or conditioning processes during this period is

of particular importance in relation to adult breast cancer.
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INFLUENCE OF TUMOR LOCATION ON BREAST CANCER PROGNOSIS
Niels KROMAN 1 3 , Jan WOHLFAH-RTI, Henning T. MOURIDSEN2 and Mads MELBYEI*
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2 Danish Breast Cancer Cooperative Group, Rigshospitalet, Copenhagen, Denmark3 Surgical Department CE, Rigshospitalet, Denmark

Our objective was to investigate the influence of primary conserving surgery. High-risk patients were allocated to adjuvant
tumor location on breast cancer prognosis. We used a pop- systemic therapy or radiotherapy. No treatment allocation was
ulation-based registry since 1977 that has collected detailed based on tumor location in the breast. Patients with bilateral breast
information regarding clinical and histopathological presen- cancer or inflammatory cancer, distant metastases, with contrain-
tation, postoperative therapy and follow-up status on Danish dication to the planned postoperative therapy, or patients who were
women with breast cancer. Nodal status and relative risk of
dying was estimated according to primary tumor localization not treated according to the surgical guidelines were not allocated
in the breast. Overall, 35,319 patients with primary breast to any of the protocols (miscellaneous group). Guidelines for risk
cancer were included in the study. After adjustment for prog- group allocation and treatment have been described in detail else-
nostic factors, the risk of dying increased significantly (up to where. 9 -12

21%) with increasing distance of tumor location from the Primary clinical and histopathological data and data concerning
axilla. This trend was seen both among women with and postoperative therapy and status at follow-up visits are all regis-
without spread to the axillary lymph nodes. In conclusion,
survival is significantly better for women with a tumor in the tered by the DBCG based on specific forms submitted by the
upper lateral quadrant than tumors located elsewhere in the participating departments of surgery, pathology and oncology.
breast. Our finding of a similar trend according to distance Location of the tumor was determined based on an indication made
from the axilla among women with positive axillary lymph by the surgeon on a figure (Fig. 1). When a tumor was located in
nodes who all are allocated to systemic therapy suggests that the borderline between 2 areas, it was assigned to 1 of the 2 areas
a better lymph node staging procedure alone is unlikely to by randomization according to date of birth.
eliminate these survival differences. Other reasons for the Survival of patients was established by reference to the Danish
observed differences should be sought to help improve sur- Civil Registration System (CRS), established in 1968. Since then,
vival for women with breast cancer.
© 2003 Wiley-Liss, Inc. a unique identification number has been assigned to all residents in

Denmark. Individual information is kept under the personal iden-
Key words: breast cancer; prognosis; staging procedures; lymph tification number in all national registers permitting accurate link-
nodes; tumor location; population-based age of information between different registries. The CRS registry

keeps updated files on vital status including dates of death and
Axillary lymph node status is the single most important prog- emigration. A detailed description of the information included in

nostic factor in primary breast cancer and the significance of a this registry is given elsewhere.1 3

proper axillary dissection both with regard to staging and local Subjects
tumor control is well-established.' Recent efforts to optimize the
existing staging system with the sentinel node lymphadenectomy Permission to perform the study was obtained in advance from
have put renewed focus on the prognostic importance of nodal the National Scientific Ethics Committee and the Data Protection
status in breast cancer.2-5  Board. Information on patients in the DBCG-registry was linked

From anatomical studies it is known that lymphatic drain with the CRS-registry to obtain information on vital status. The
from anathe miealst udies no t only ko wn th a t lymphatiesdnage study was restricted to women less than 70 years at diagnosis,

from the breast goes not only to the axillary lymph nodes, but also because the DBCG restricted the data collection to this group of
to the internal mammary nodes, the supraclavicular nodes, and to women. Women included in the DBCG-program since 1977 and
lymph nodes outside these locations. 6 ,7 Today's emphasis on ax- diagnosed with breast cancer before September 1, 1998, were
illary nodal status raises an important clinical question as to followed from time of diagnosis until date of death, emigration, or
whether some women with breast cancer are misclassified as October 1, 1998, whichever occurred first.
low-risk patients because axillary dissection does not reveal spread
of the disease to the lymphatic system. In 1 study women with Statistical analysis
medially located tumors were found to be less likely to be classi- Associations between tumor characteristics and location were
fled as having node positive disease compared to other women evaluated by X2 statistics. The association between location and
with breast cancer.8 Despite this, these women had a reduced survival was investigated using Cox proportional hazard regres-
chance of survival compared to women with lateral tumors. sion with adjustment for axillary nodal status (0, 1-3, 4-9, Ž-10

We extended this line of investigation on the prognostic effect
of tumor location based on a large and very detailed population-
based registration of breast cancer patients in Denmark. Grant sponsor: Danish National Research Foundation; Grant sponsor:

Department of the US Army; Grant number: DAMD17-96-1-6321.

PATIENTS AND METHODS
Registries *Correspondence to: Department of Epidemiology Research, Statens

Serum Institut, 5-Artillerivej, DK-2300 Copenhagen S, Denmark.In 1977, the Danish Breast Cancer Cooperative Group (DBCG) Fax: +45-32683165. E-mail: mme@ssi.dk
started nationwide prospective studies on treatment of breast can-
cer.9 The primary surgical treatment of patients allocated in treat-
ment protocols included total mastectomy plus axillary clearance Received 17 September 2002; Revised 9 January 2003; Accepted 10
(90% of the population), or lumpectomy with axillary dissection. January 2003
Patients were classified as having either low-risk disease or high-
risk disease according to histopathological criteria. Low-risk pa- DOI 10. 1002ijc. 11116
tients were observed without further adjuvant treatment apart from
radiotherapy to the residual breast of women who had breast-
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positive nodes), tumor size (-•2 cm, >2 cm and up to 5 cm, >5 central tumors, women with bilateral disease, and women without
cm) histologic grading (I, 11-1I1, non-ductal carcinomas, age at information on tumor location or nodal status were excluded,
diagnosis (<35 years or in 5-year intervals in patients >35 years), leaving 27,234 women for further analysis. Nodal status according
and patients without information on histologic grading), year of to tumor site is given in Figure 2, and further details on tumor site,
diagnosis (1977-81, 1982-88, 1989-98) and protocol allocation tumor size and nodal status is given in Table II. The chance of
(allocated, not treated according to surgical guidelines, not allo- being axillary node negative was significantly greater for women
cated for other reasons). Test for effect modification was carried with medial tumors compared to lateral tumors in the subgroup
out as test for interaction between categorized variables. All anal- with tumors -•2 cm (p < 0.001) and women with tumors being >2
yses were carried out with the use of SAS.14  cm and -<5 cm (p < 0.001). The same trend was seen for the group

of women with large tumors (>5 cm), but the differences did not
RESULTS reach significance (p = 0.38).

The independent prognostic effect of tumor location was ana-By September 1, 1998, 35,319 women with primary breast lyzed by performing a multivariate analysis including tumor size,
cancer less than 70 years of age were registered in the DBCG. The nodal status, histologic grading, age at diagnosis, piotocol alloca-
cohort represented a total of 237,364 person-years of follow-up. tion, year of treatment and tumor site. After adjustment, women
Median follow-up were 5.3 years, and 25% of the patients had a with upper lateral tumors did significantly better than other women
follow-up time of more than 10 years. Distribution of patients (Table III). Overall, survival in this group of women was between
according to tumor characteristics and tumor site is given in Table 15-20% better than among women with a primary tumor site in 1
I. Compared to laterally located tumors, tumors located medially of the other 3 quadrants. Among women who were classified as
tended to be smaller (p < 0.001) and has significantly less nodal having no spread to the lymph nodes in the axilla, similar or worse
involvement (p < 0.001). Tumors with central location were found discrepancies in survival between the upper lateral and 3 other
to be larger (p < 0.001), associated with higher risk of nodal quadrants were observed. Among axillary node positive women,
involvement (p < 0.001), and with lower chance of having histo- survival remained significantly worse for women with a primary
logic grading I (p < 0.001) compared to laterally located tumors. tumor in the lower lateral or medial quadrant compared to the
Estrogen-receptor status, which was available on 21.124 of the upper lateral quadrant. For this group of node positive women,
breast cancers (59.8%), did not vary by tumor location. Similarly, however, there was no significant difference in survival between
there was no association between age at time of diagnosis and those with a primary tumor in the upper medial compared to upper
tumor localization in the breast, lateral quadrant. The differences in prognosis according to tumor

To further analyze tumor characteristics according to the posi- location were not modified by tumor size (p = 0.77, data not
tion of the primary tumor in one of the four quadrants, women with shown). The results were unchanged when the analysis were

restricted to women who could not have had their tumor location
allocated according to date of birth due to a location between 2
quadrants.

DISCUSSION

Our study shows that the prognosis in breast cancer patients
differs significantly according to tumor location. Women with a
primary tumor in the upper lateral quadrant had significantly better
survival than women with a tumor in I of the other 3 quadrants.
They were, however, also the group of women most likely to be
diagnosed with metastatic spread to the axillary lymph nodes. In
contrast, women with tumors in the 2 medial quadrants had the
worst prognosis but were also the least likely to be diagnosed with
axillary node positive tumors. An explanation for these seemingly
contradictory associations is that treatment allocation according to

FIGURE 1 - Surgeon's figure for localization of the tumor. axillary lymph node spread is insufficient. Thus, a proportion of

TABLE I -DISTRIBUTION ACCORDING TO TUMOR CHARACTERISTICS AND LOCATION OF 35,319 BREAST CANCER
PATIENTS OPERATED IN DENMARK 1977-1998'

Lateral Medial Central 
Not indicated

Upper Lower Upper Lower

Total 17,659 4,559 5,987 2,212 2,584 2,318
Positive nodes

0 8,960 (50.7) 2,301 (50.5) 3,704 (61.9) 1,233 (55.7) 868 (33.6) 844(36.4)
1-3 4,964 (28.1) 1,302 (28.6) 1,351 (22.6) 567 (25.6) 683 (26.4) 507 (21.9)
4-9 2,214 (12.5) 562 (12.3) 488 (8.2) 206 (9.3) 527 (20.4) 240(10.4)
->10 785 (4.5) 161 (3.5) 142 (2.4) 67 (3.0) 263 (10.2) 90(3.9)

No information 736 (4.2) 233 (5.1) 302 (5.0) 139 (6.3) 243 (9.4) 637 (27.5)
Tumor size

-• 2 cm 8,717 (49.4) 2,476 (54.3) 3,289 (54.9) 1,256 (56.8) 741 (28.7) 830 (35.8)
> 2 cm, -< 5 cm 6,560 (37.2) 1,525 (33.5) 2,028 (33.9) 714 (32.3) 1,009 (39.1) 643 (27.7)
> 5 cm 1,074(6.1) 189(4.2) 209 (3.5) 70(3.2) 515 (19.9) 139 (6.0)
No information 1,308 (7.4) 369 (8.1) 461 (7.7) 172 (7.8) 319(12.4) 706 (30.5)

Histologic grading
i 4,521 (25.6) 1,220 (26.8) 1,679 (28.0) 580(26.2) 517(20.0) 457 (19.7)
II + 111 9,275 (52.5) 2,342 (51.4) 3,118 (52.1) 1,148 (51.9) 1,349 (52.2) 858 (37.0)
ND' 3,863 (21.9) 997 (21.9) 1,190 (19.9) 484 (21.9) 718 (27.8) 1,003 (43.3)

'Tumor location, n (%).- 2Patients with non ductal carcinomas and patients without available histologic grading.
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women with tumors in e.g., the upper medial quadrant and with no The fact that information on metastatic spread of breast cancer
spread to axillary nodes most likely had lymphatic dissemination may be missed by restricting lymph node dissection to the area
of their disease to lymph nodes outside the axilla, and thus should around the axilla has lead to increased use of a sentinel node
have been allocated to a more aggressive treatment program than dissection principle that often takes advantage of lymphangioscin-
the one given to them. Support for this view is given by our finding tigraphy to detect possible spread outside the axilla. It seems likely

that women with upper medial and lateral tumor locations had a that more accurate diagnosis and surgical treatment of for example

more equal survival when restricting the analysis to those with the internal mammary nodes could lead to improved prognosis for

positive axillary nodes whereas survival was 30% worse among patients with tumors located in the medial half of the breast. The

women with upper medial compared to upper lateral tumors impact on survival after radiotherapeutical treatment of the internal
mammary nodes in women with medially located tumors is theamong those classified as axillary node negative, subject of an ongoing EORCT trial.' 6

The internal mammary lymph nodes have been found the mostsujcofaonig OCtrl.1
Timportntdestination ofm lymph dralnoage oseenod the a ased Our results, however, would suggest that a better classificationimportant destination of lymph drainage outside the axilla. 15 Based system and thus more accurate treatment allocation alone would

on 250 breast lymphoscintigraphies among normal women, Ven- sse n hsmr cuaetetetalcto ln olnot be sufficient to eliminate the observed survival differences by
drell-Torn6 et al.7 found that drainage from the lower medial tumor location. Thus, in a restricted analysis of women with
quadrant in 30% of cases occurred exclusively to the internal metastatic spread to the axillary lymph nodes the relative risk of
mammary nodes, 56% drained to both the axilla and internal dying remained significantly higher for women with a lower me-
mammary nodes and 14% drained exclusively to the axilla. It is dial or lateral tumor compared to a tumor in the upper lateral
noteworthy that women in our study with a tumor in the lower quadrant. In this scenario all women were found to have metastatic
medial quadrant of the breast had a more than 20% increased risk spread and received similar therapy, including systemic therapy.
of dying compared to women with a tumor close to the axilla. Introduction of a different classification system based on e.g., the
Drainage from the lower lateral quadrant was reported more di- sentinal node principle would not change the treatment regiment to
verse with only 30% of cases having exclusively drainage to the these women. This observation indicates that other factors than
axilla and 10% exclusively to the internal mammary nodes. Drain- nodal misclassification should be considered.
age to other areas occurred in 12% of the cases. It is documented that a proper axillary dissection is important

not only regarding staging of the disease but also with respect to
the local tumor control.1,17 Hence, women with tumors in the
upper lateral quadrant are likely to have the most complete surgical
management of the tumor burden where axillary Level I and II
dissection is a standard procedure. Compared to these patients,

61.9% 50.7% women with other tumor locations that may have drainage also to
other lymph nodes outside of Level I and II of the axilla, may have
a higher likelihood of having regional undiscovered metastatic
spread after standard surgical treatment. Undetected metastatic
tissue could be placed in the internal mammary chain, or as
isolated nodal involvement of Level III in the axilla (nodes that are
not dissected as a standard procedure), or in other locations.
Women with medial tumor location are more likely to have met-
astatic spread to the internal mammary nodes.i8- 22 Thus, incom-
plete removal of tumor tissue among women with tumors located
away from the axilla may explain why survival disadvantage is
observed also among certain groups of axillary node positive

55.7% 50.5% patients who receive adjuvant treatment.

Some centers have evaluated whether more extended operations
including internal mammary chain dissection can improve survival

FIGURE 2- Distribution of negative axillary nodal status according of the patients.18-22 Based on these studies between 6% and 9% (in
to quadrant location of tumor among 30,417 women (<70 years of some old studies up to 19%) of the patients have been found to
age) operated in Denmark 1977-97. have metastases in the internal mammary chain and negative

TABLE I1-DISTRIBUTION OF NODAL STATUS ACCORDING TO TUMOR SIZE AND QUADRANT LOCATION OF TUMOR,

Lateral Medial
Positive tumor nodes

Upper Lower Upper Lower

-< 2cm
0 5,519 (64.9) 1,483 (61.8) 2,360 (74.2) 821 (68.2)
1-3 2,236 (26.3) 673 (28.1) 631 (19.8) 285 (23.7)
4-9 595 (7.0) 192 (8.0) 156(4.9) 73 (6.1)
>10 152(1.8) 51(2.1) 32(1.0) 25(2.1)

> 2, -• 5 cm
0 2,651 (41.6) 642 (43.7) 1,047 (53.6) 320 (46.8)
1-3 2,126 (33.4) 478 (32.5) 586 (30.0) 230 (33.6)
4-9 1,198 (18.8) 270 (18.4) 244 (12.5) 105 (15.4)
>10 398 (6.2) 79(5.4) 75 (3.8) 29(4.2)

> 5 cm
0 234 (22.7) 31(17.3) 51(25.5) 18(28.1)
1-3 294 (28.6) 60(33.5) 57(28.5) 18 (28.1)
4-9 297 (28.9) 69(38.5) 62(31.0) 18 (28.1)
>10 204 (19.8) 19(10.6) 30(15.0) 10(15.6)

'Patients with central tumors or missing information on tumor location, tumor size, or nodal status were excluded.-Presentation of 27,234
breast cancer patients with laterally or medially located tumors operated in Denmark 1977-1998. Tumor quadrant location, n (%).
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TABLE III -ADJUSTED RELATIVE RISK OF DYING ACCORDING TO TUMOR QUADRANT LOCATION AND AXILLARY NODAL
STATUS AMONG DANISH WOMEN WITH PRIMARY BREAST CANCER OPERATED 1977-1998'

All3  
Node + Node -

(n = 27,234) (t = 12,057) (n = 15,177)

Lateral
Upper2  1 1 1
Lower 1.15 (1.09-1.22) 1.15 (1.07-1.24) 1.16 (1.05-1.27)

Medial
Upper 1.17 (1.11-1.24) 1.08 (0.996-1.16) 1.30 (1.20-1.40)
Lower 1.21 (1.11-1.31) 1.21 (1.09-1.35) 1.21 (1.07-1.37)

'Relative risk of dying (95% CI) adjusted for number of positive nodes, tumor size, histologic grading, age at diagnosis, year of treatment,
and protocol allocation.- Reference category.- 3Patients with central tumors or missing information on tumor size or nodal status are excluded.

axillary lymph nodes. Although some authors found a beneficial the present results, however, such altered procedures may primar-
effect of the extended operation for women with medial tumors, ily be beneficial to women with upper medially located tumors.
the overall conclusion was that due to increased morbidity of the Unfortunately, a better classification of nodal status does not
intensive procedure, it was not found recommendable, appear to remove the differential survival for all tumors in the

Recent studies on sentinel node procedures have revealed that breast. The differences in survival according to tumor location are
about 3% of breast cancer patients without positive axillary lymph substantial and suggest that other factors of prognostic importance
nodes have metastatic nodes outside the axilla.3

,"
5 Our present need be considered. We cannot exclude that the biology of the

study underlines that axillary nodal staging is insufficient in a tumors differ according to location in the breast but have no
proportion of women with breast cancer. The sentinel node tech- evidence to support such a notion. Rather, factors such as differ-
nique may offer an attractive opportunity to identify women with ences in the surgical efficacy of removing regional metastatic
primary lymph drainage to lymph nodes outside the axilla and thus tissue might show important for the differential survival according
lead to changed treatment procedures for some women. Based on to tumor location observed in the present study.
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688 APPENDIX B

Effect of Breast-Conserving Therapy versus Radical
Mastectomy on Prognosis for Young Women with
Breast Carcinoma

Niels Kroman, M.D.
1 -3 BACKGROUND. Among middle-aged and older women with early breast carcinoma,

Helle Holtveg, M.D. 4  breast-conserving therapy (BCT) has been shown to have an effect on survival that

Jan Wohlfahrt, M.Sc.1 is similar to that of modified radical mastectomy (RM). Nonetheless, it remains to
Maj-Britt Jensen, MSc. 2  be established whether BCT also is the optimal treatment option for early breast

Henning T. Mouridsen, M.D0 carcinoma in young women, because these women generally have more aggressive
Mogens Blichert-Toft, M.D.

3  disease and a higher frequency of local recurrence compared with older women.
Mads Melbye, M.D.

1
'
5  METHODS. We investigated a cohort of 9285 premenopausal women with primary

breast carcinoma who were age < 50 years at diagnosis. These women were
1Department of Epidemiology Research, Danish identified from a population-based Danish breast carcinoma database containing
Epidemiology Science Center, Statens Serum In- detailed information on patient and tumor characteristics, predetermined treat-
stitut, Copenhagen, Denmark. ment regimens, and survival.
2 Danish Breast Cancer Cooperative Group, Rigs- RESULTS. In total, 7165 patients (77.2%) were treated with RM, and 2120 patients

hospitalet, Copenhagen, Denmark. (22.8%) were treated with BCT. We calculated the relative risk of death within the

3 Department of Breast and Endocrine Surgery, first 10 years after diagnosis according to surgical treatment and age, both before
Rigshospitalet, Copenhagen, Denmark. and after adjustment for known prognostic factors. No increased risk of death was

4 Department of Breast Surgery, Horsholm Syge- observed among women who received BCT compared with women who under-

hus, Horsholm, Denmark. went RM, regardless of age at diagnosis (< 35 years, 35-39 years, 40-44 years, or
5 D45-49 years), despite the increased risk of local recurrence among young women.
Institute, Stockholm, Sweden. Restricting the analysis to women with small tumors (size < 2 cm) yielded similar

results.
CONCLUSIONS. Despite having a higher rate of local recurrence, young women with
breast carcinoma who receive BCT are similar to young women treated with RM in
terms of survival. Cancer 2004;100:688-93. © 2003 American Cancer Society.

KEYWORDS: breast carcinoma, breast conserving therapy, radical mastectomy,

surgical treatment, young age.

Breast-conserving therapy (BCT), in which surgery is restricted to

Supported by the Danish National Research Foun- B removal of the clinically apparent tumor, generally is accepted as

dation, the United States Army (DAMD17-96-1- a treatment whose effectiveness is equal to that of modified radical
6321), and the Boel Foundation. mastectomy (RM) in early-stage breast carcinoma. 1,2 Nonetheless,

this conclusion is based primarily on data from middle-aged or older
Address for reprints: Mads Melbye, M.D., Depart- women rather than very young women. Several findings suggest that
ment of Epidemiology Research, Danish Epidemi-

ology Science Center, Statens Serum Institut, Ar- very young women with early breast carcinoma may have unique

tillerivej 5, DK 2300 Copenhagen S, Denmark; Fax: features. Studies have demonstrated that young age is a risk factor for
(011) 45 32 68 31 65; E-mail: mme@ssi.dk local recurrence among women who receive BCT.3- 6 Among women

age < 35 years at diagnosis who receive BCT, 10-year local recurrence
The views expressed herein do not necessarily rates of -> 30% have been reported, compared with local recurrence

rates of < 10% among middle-aged and older women.7' 8 There is

Received August 1, 2003; revision received No- debate d6er whether local recurrence in this respect is an indepen-
vember 12, 2003; accepted November 17, 2003. dent negative prognostic factor or simply an indicator of aggressive
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Surgery for Young Women with Breast Carcinoma/Kroman et al. 689

disease.9 ' 5 In cases of local recurrence within the TABLE 1
residual breast after BCT, women generally are offered Overview of Postoperative Adjuvant Treatment Administered between

RM."6 It is unknown whether such a 'two-stage' pro- 1982 and 1998 to Premenopausal, High-Risk Patients with BreastRM.1 Itis nknon wethr suh a'tw-stae' ro- Carcinoma in Denmark

cedure is as effective as primary RM in terms of overall

survival. Thus, it remains to be determined whether Treatment protocol Treatment randomization
BCT, compared with RM, is a safe treatment option for
young women with breast carcinoma, who experience DBCG 82 CMF or CMF + radiotherapy- or CMF +

local recurrence more frequently than do their older DBCG 89 tamoxifen

counterparts. Patients with ER-positive disease CMF or ovariectomy
We previously found that young age at diagnosis is Patients with ER-negative disease CMF; or CEF; or CMF + pamidronate; or

an independent negative prognostic factor for patients CEF + pamidronate
with primary breast carcinoma, but this negative ef-
fect was restricted to women who did not receive DBCG: Danish Breast Cancer Cooperative Group; CMF: cyclephosphamide, nethotrexate, and 5-flu-

adjuvant cytotoxic treatment.'7 In the current study, orouracil; ER: estrogen receptor, CEF: cyclophosphamaide, epirubicin, and 5-fluorouracil.

we examined the effect (adjusted for expected mortal-
ity) of age on breast carcinoma survival according to
the type of surgical treatment used. Analysis was per- mary surgical treatment, is described in detail else-

formed using a large, comprehensive, population- where.17"18 In the 1980s, BCT was used only in a lim-

based Danish breast carcinoma registry, which con- ited number of major departments as part of a
tained detailed information on clinical presentation, randomized trial, whereas in the 1990s, BCT became a
surgical treatment, predetermined adjuvant therapy, standard procedure.
and follow-up status. Patients with bilateral breast carcinoma or inflam-

matory carcinoma, distant metastases, or contraindica-
MATERIALS AND METHODS tion against the planned postoperative therapy, as well
Registration of Patients with Breast Carcinoma as patients who were not treated according to the surgi-
In 1977, the Danish Breast Cancer Cooperative Group cal guidelines, were not assigned to a protocol. These
(DBCG) initiated nationwide prospective studies on patients were known as the miscellaneous group.
the effects of breast carcinoma treatment. To date, Primary clinical and histopathologic data and
four generations of treatment programs have been data regarding postoperative adjuvant therapy and
launched, including DBCG 77 (patient accrual from status at follow-up, including information on site of
1977 to 1982), DBCG 82 (patient accrual from 1982 to recurrence, have been registered by the DBCG secre-
1989), DBCG 89 (patient accrual from 1989 to 1998), tariat based on specific case report forms submitted
and DBCG 99 (patient accrual since 1999). Because by departments of surgery, pathology, and oncology
BCT was introduced in 1982, we restricted the current within Denmark. Comparison of the DBCG registry
study to patients from the DBCG 82 and DBCG 89 with the Danish Cancer Registry, which is considered
programs. Furthermore, our primary objective was to nearly complete with respect to the reporting of breast
evaluate the prognosis of young patients; therefore,
we limited the study to premenopausal women (de- carcinoma diagnoses among residents in Denmark,
fined as women who had experienced menstruation revealed a concordance rate of> 95% within the age
within the preceding 12 months) age < 50 years at group investigated in the current study.
diagnosis.

In all programs, the primary surgical treatment for
patients who were assigned to treatment protocols Registration of Vital Status
included either total mastectomy plus axillary dissec- The Danish Civil Registration System (CRS) was estab-
tion or lumpectomy plus axillary dissection and radio- lished in 1968, and since then, a unique identification

therapy against residual breast. Standard adjuvant cy- number has been assigned to each Danish resident. In-

totoxic chemotherapy was used in all three programs dividual information is kept using this personal identfifi-

(Table 1).17,a1 Patients were classified as either low risk cation number in all national registries, allowing accu-

or high risk according to histopathologic criteria, rate linkage of information between registries. The CRS

High-risk criteria during the investigation period in- registry maintains updated files on vital status. A de-
cluded positive lymph nodes, tumor size > 5 cm, and tailed description of the information included in this
(after 1989) histologic Grade II or III disease (accord- registry is provided elsewhere.2 ' Patient records in the
ing to the Bloom and Richardson grading system). DBCG registry were linked with records in the CRS reg-
Treatment allocation, which was independent of pri- istry to obtain complete information on vital status.
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Statistical Analysis TABLE 2
Women with breast carcinoma diagnosed between Distribution, According to Surgical Treatment Type, Age at Diagnosis,
January 1, 1982, and December 31, 1998, were in- Tumor Characteristics, and Risk-Group Allocation, of 9285

Premenopausal Women with Primary Breast Carcinoma Who
cluded and followed for survival data until 10 years Underwent Surgery In Denmark between 1982 and 1998
after diagnosis or until December 31, 2000 (whichever
occurred first). The study was restricted to premeno- Surgical treatment (%)
pausal women age < 50 years at diagnosis who hadrecevedeithr BT orRM.Breast-conserving
received either BCT or RM. Characteristic Mastectomy treatment

The overall death rate was modeled as a sum of
two terms. The first term represented the age-and- All patients 7165(77.2) 2120(22.8)
calendar-specific expected mortality as a known time- Age at diagnosis (yrs)
dependent offset; expected mortality data was ob- < 35 500 (69.5) 219 (30.5)

tained from life tables for the overall female 35-39 1126(75.9) 357(24.1)
40-44 2355(78.3) 654(21.7)

population in Denmark stratified by 5-year age groups 45-49 3184 (78.2) 890(21.8)
and 5-year calendar periods. 22 The second term in the Tumor size (cm)
model was the exponential function of a linear expres- :- 2 3662 (69.5) 1611(30.5)
sion that included the following categoric variables: an > 2 and -5 2817(86.1) 455(13.9)
interaction term between surgical treatment type >5 589(97.8) 13(2.2)No information 97(70.3) 41 (29.7)
(BCT or RM) and age at diagnosis (by 5-year group); Positive lymph nodes
tumor size (< 2 cm, > 2 cm and < 5 cm, or > 5 cm); 0 3516(72.2) 1351(27.8)
number of positive lymph nodes (0, 1-3, 4-9, or - 10); 1-3 2147 (78.9) 574 (21.1)
histologic grade (I, II, III, or nonductal carcinoma); 4-9 1025 (91.3) 98(8.7)
protocol allocation (allocated, not treated according to > 10 356 (93.2) 26(6.8)

No information 121 (63.0) 71(37.0)
surgical guidelines, or not allocated for other reasons); Histologic grade
and year of diagnosis (1982-1988 or 1989-1998). This 1 1676(74.3) 580(25.7)
model can be viewed as a log-linear representation of WI/Ill 3962 (78.9) 1061 (21.1)
the observed death rate minus the expected death ND 1527(76.1) 479(23.9)

rate-i.e., a log-linear model of the excess death rate. Estrogen receptor status
Positive 3054(74.7) 1036 (25.3)

The expected number of deaths due to breast carci- Negative 1610 (75.7) 516(24.3)
noma accounts for only a small proportion of all ex- No information 2501 (81.5) 568 (18.5)
pected deaths.22 Therefore, the adjusted relative risks Protocol allocation
were interpreted as relative risks of death due to breast 1982 protocol 3450(87.2) 506 (12.8)

chose to perform Poisson r 1989 protocol 3715 (69.7) 1614(30.3)carcinoma. We cregression Risk group
analysis, rather than Cox regression analysis, to facil- LOW 3054 (72.5) 1156(27.5)
itate additive adjustment for expected mortality. High 3192(84.1) 603(15.9)

All tests in the Poisson regression analyses were Not treated according to guidelines' 568 (64.4) 314(35.6)
performed as likelihood ratio tests using Epicure soft- Not allocated for other reasonsb 351 (88.2) 47(11.8)
ware (Hirosoft International, Seattle, WA).` s Tests for ND: patients with nonductal carcinoma or without available histologic grading information.
differences in the age-specific effects of surgical treat- a Patients who were not allocated because surgical treatment did not follow guidelines.
ment between low-risk patients and high-risk patients b Patients who were not allocated due to medical contraindications, bilateral or inflammatory breast
receiving cytotoxic treatment were performed by in- carcinoma, or distant metastases.
cluding a three-way interaction term among surgical
treatment (BCT or RM), age at diagnosis, and risk
group. Associations between selected characteristics years, and 32.6% of all patients were followed for 10
at diagnosis were analyzed using chi-square tests. years. The distribution of patients according to surgi-

cal treatment type, age at diagnosis, tumor character-
istics, and protocol allocation is provided in Table 2. A

RESULTS total of 7165 patients (77.2%) were treated with RM,
By January 1, 1999, 9285 premenopausal women age compared with 2120 patients (21.8%) treated with
< 50 years with primary breast carcinoma were regis- BCT. Until 1989, BCT was offered only in randomized
tered by the DBCG. The study cohort accounted for a trials; consequently, the overall rate of BCT use was
total of 60,246 person-years of follow-up: 13,116 per- relatively low. Compared with women age > 35 years
son-years in the BCT group and 47,130 person-years at diagnosis, women age < 35 years were more likely
in the RM group. The median follow-up period was 7.1 to have tumors > 2 cm in size (P = 0.007) and lymph
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TABLE 3
Adjusted Estimates of Relative Risk of Death (with 95% Confidence Intervals) for Women Receiving Breast-Conserving Therapy Relative to
Patients Undergoing Radical Mastectomy, by Age at Diagnosis, Tumor Size, and Protocol Allocation'

All patients (n = 9 0 0 0 )b Tumor size : 2 cm (n = 5195) Protocol TM82 (n = 350)'

Mastectomy BCT Mastectomy BCT Mastectomy BCT
(n = 6971) (n = 2029) (a = 3620) (n = 1575) (n = 170) (n = 180)

RR (95% CO n RR (95% C) n RR (95% C) n RR (95% CQ n RR (95% Co n RR (95% C) n

Age at diagnosis (yrs)
< 35 1 (ref.) 488 0.87 (0.64-1.19) 203 1 (ref.) 219 1.05 (0.71-1.54) 147 1 (ref.) 12 1.09 (0.35-3.40) 15
35-39 1 (ref.) 1094 1.02 (0.78-1.34) 343 1 (ref.) 598 0.77 (0.53-1.12) 254 1 (ref) 31 1.37 (0.53-3.54) 36
40-44 1 (ref.) 2273 0.80 (0.62-1.04) 629 1 (ref.) 1197 0.72 (0.51-1.02) 496 1 (ref.) 50 2.07 (0.82-5.22) 66
45-49 1 (ref.) 3116 0.66 (0 .50-0.88)d 854 1 (ref.) 1606 0.56 (0.3M-0.83) 679 1 (ref.) 77 1.44 (0.60-3.49) 63

BCM: breast-conserving therapy; iRl: relative risk; C!: confidence interval; ref.: referent group,
a Data from 9000 Danish women with primary breast carcinoma diagnosed between 1982 and 1988. Relative risk estimates are adjusted for tumor size, lymph node status, histologic grade, estrogen receptor status,

year of treatment, and protocol allocation.
I Two hundred eighty-five patients were excluded because of missing information on tumor size or lymph node status.
c Patients randomized to breast-conserving therapy versus radical mastectomy.
dP< 0.05.

node-positive disease (P = 0.002). Younger patients TABLE 4
also werepmo ree eceivee(PBCT002). Younger 0.001).s Adjusted Estimates of Relative Risk of Death (with 95% Confidence
also were more likely to receive BCT (P < 0.001). Intervals) for Patients Receiving Breast-Conserving Therapy Relative
Overall, compared with women in the RM group, to Patients Undergoing Radical Mastectomy, by Age at Diagnosis and
women in the BCT group were significantly more Adjuvant Treatment Usea

likely to have tumors < 2 cm in size (P < 0.001) and (95%)
lymph node-negative disease (P < 0.001). P__ _ (95%_CO

To evaluate the independent, age-specific effect of Low-risk patients receiving High-risk patients receiving
surgical treatment type on breast carcinoma-specific no adjuvant treatment adjuvant cytotoxic treatment
survival, we performed a multivariate analysis (with pa- in = 4210) in = 2935)
tients placed into 5-year age groups) that included sur-
gical treatment, tumor size, axillary lymph node status, Mastectomy B=T Mastectomy B18gcl(a = 3054) (n = 1156) (a = 2486) (a 449)

histologic grade, year of treatment, and protocol alloca-
tion (Table 3). Women who underwent RM were selected Age at diagnosis (yrs)
to be the reference group. All adjusted relative risk esti- < 35 1 (ref.) 1.31 (0.77-2.22) 1 (ref.) 0.73 (0.44-1.22)
mates for women receiving BCT were equal to or less 35-39 1 (ref.) 1.18 (0.74-1.90) 1 (ref.) 0.69 (0.43-1.12)

than the reference values; this finding indicates that BCT 40-44 1 (ref.) 0.94 (0.59-1.48) 1 (ref.) 0.81 (0.54-1,21)
45-49 1 (ref.) 0.63 (0.33-1.21) 1 (ref.) 0.64 (0.41-1.01)was not associated with reduced survival. Among pa-

tients ages 45-49 years, the adjusted estimates of relative lRl: relative risk; Cl: confidence interval; BCT: breast-conserving therapy; ref.: referent group.

risk of death were significantly lower in the BCT group I Data from 7145 Danish women with primary breast carcinoma diagnosed between 1982 and 1990.

(relative risk, 0.66; 95% confidence interval [CI], 0.50- Relative risk estimates are adjusted for tumor size, lymph node status, histologic grade, estrogen

0.88) compared with the RM group. Restricting the anal- receptor status, year of treatment, and protocol allocation.

ysis to small tumors (size < 2 cm) or to patients ran-
dornized to BCT versus RM (protocol TM82) did not versus high-risk status + adjuvant cytotoxic treatment
change the results. Analysis of patients receiving BCT (n = 2935) (Table 4). We observed a nonsignificant
indicated a 5.2-fold greater incidence (15.4% vs. 3.0%) of trend toward reduced survival with decreasing age
local recurrence in the breast within 5 years of diagnosis among patients in the BCT group who did not receive
among women age < 35 years compared with women adjuvant cytotoxic treatment (P = 0.26). No trend was
ages 45-49 years. observed among patients who received adjuvant cyto-

To evaluate the effects of adjuvant cytotoxic ther- toxic treatment.
apy in relation to age at diagnosis and surgical treat-
ment type, we allowed for an interaction between age DISCUSSION
at diagnosis and low-risk status (low-risk patients re- Among younger women, we found that long-term sur-
ceived no adjuvant systemic treatment; n = 4210) vival was similar for those who received BCT and
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those who underwent RM. Previous studies evaluating focused on the adjusted relative risk of death accord-
these treatment regimens have reported similar re- ing to surgical method among women who did or did
sults, but these studies included a very limited number not receive adjuvant therapy. Among women who did
of women age < 40 years and consequently are not as not receive adjuvant therapy, the risk of death was not
conclusive in their findings on younger women. 1 2 The significantly greater for patients who received BCT
current study included more than 9000 women age compared with patients who underwent RM in any of
< 50 years who received either BCT or RM; 1483 of the age categories; however, overall, there was a non-
these women were diagnosed at ages 35-39 years, and significant trend toward poorer prognosis with de-
719 were diagnosed at age < 35 years. creasing age. In theory, if substantial residual con-

Our finding is reassuring since young women with founding were present in the BCT group, then the
breast carcinoma generally have a particularly poor observed trend toward reduced survival among
prognosis.24 26 Specifically, young women who re- younger patients who received BCT could hide true
ceive BCT are more likely to experience local recur- risks for very young patients who received BCT with-
rence, as also noted in the current study, in which o r ve n g patients who receivedout adjuvant treatment. Among women who received
younger patients who received BCT were more than BCT with adjuvant cytotoxic treatment, no association
five times as likely to experience local recurrence com- betw
pared with their middle-aged counterparts. Although bseen age and survival was found. We previouslythis finding could be explained in part by the failure to observed decreased survival among young women
cotrol findingor ld t e increased frequen by o efad ced d- who did not receive adjuvant cytotoxic therapy,17 andcontrol for the increased frequency of advanced dis-

ease among younger patients,27-29 we previously the International Consensus Panel on the Treatment

found young age to be an independent negative prog- of Primary Breast Cancer recently changed its recom-

nostic factor.17  mendation to include age < 35 years as a sufficient
Despite efforts to adjust for differences in prog- criterion for systemic chemotherapy, irrespective of

nostic factor profiles between the BCT and RM groups, disease stage."' Such treatment reduces the risk of
residual confounding cannot be ruled out. As ex- distant metastases and disease recurrence and thus
pected, women who received BCT had a significantly must be expected to decrease the likelihood of observ-
lower incidence of advanced disease as measured by ing any trend toward diminished survival among very
tumor size and lymph node status. This finding may young women with BCT-treated early breast carci-
explain why superior survival was observed in the BCT noma in the future.
group regardless of age at diagnosis. Nonetheless, the The use of BCT has steadily become more com-
results remained unchanged when the analysis was mon over the last few decades. As might be expected,
restricted to women with tumors < 2 cm in size; in this younger patients typically choose BCT more often
group of women, the risk of selection bias is expected than do older patients. Although the high frequency of
to be reduced, and therefore, the credibility of the local recurrence among younger patients represents a
result is enhanced. Furthermore, an updated analysis problem in itself, the current study did not find sur-
of patients randomized to either RM or BCT 30 revealed vival to be significantly different for young women
no trend toward decreased survival among the young- who received BCT compared with those who under-
est patients. went RM. Based on the results of the current study,

Bias would be introduced if the surgeon changed however, adherence to the international recommen-
the criteria for offering BCT based on patient age. dation of systemic chemotherapy in addition to sur-
Thus, residual confounding may explain the apparent gery for very young women does appear to be justified.
survival advantage observed among women ages
45-49 years who received BCT, because the propor-
tion of women receiving BCT was smallest in this age REFERENCES
group. However, women age < 35 years at diagnosis 1. Fisher B, Anderson S, Bryant J, et al. Twenty-year follow-up
were less likely to have small tumors and negative of a randomized trial comparing total mastectomy, lumpec-
lymph node status, and the proportion of women who tomy, and lumpectomy plus irradiation for the treatment of
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The possible association between prenatal factors and on a yearly basis from school start until the child left school. Either
breast cancer has been discussed for more than a decade. or both parents accompanied their child to the first visit, at which
Birth weight has been used commonly as a proxy measure for they reported the child's birth weight. The complete records are
intrauterine growth. Whereas some previous studies have now kept at the Copenhagen City Archives and contain informa-
found support for an association between birth weight and tion on e.g. the child's name and date of birth, birth weight and the
breast cancer, others have been inconclusive or found no
association. We investigated the relationship between birth mother's name.
weight and risk of female breast cancer in a cohort of 106,504 The Danish Civil Registration System (CRS) was established 1
Danish women. Birth weights were obtained from school April 1968. All residents and newborns in Denmark have been
health records on girls born between 1930-1975. Informa- given a unique 10-digit person identification number (the CRS-
tion on breast cancer came from linking the cohort with the number). The CRS-number is stored along with information on
Danish Cancer Registry and the Danish Breast Cancer Co- name, place of birth, and parental identity on all Danish residents.
operative Groups Registry. A total of 2,334 cases of primary It is updated daily with respect to vital and migration status. All
breast cancer were diagnosed in the cohort during 3,255,549
person-years of follow-up among women with birth weight other national registries in Denmark, which record individual
between 500-6,000 g. Of these, 922 (40%) were diagnosed information, are based on the CRS number, thus serving as a
with primary breast cancer at the age of 50 years or older. A unique key for linkage studies. Information from the CRS was
significant association between birth weight and breast can- used to generate a population-based relational database, the Birth
cer was found equivalent to an increase in risk of 9% per 1,000 Order Study database (BOS), containing information on all men
g increase in birth weight (95% Cl 2-17). The increase was and women born during the period 1 January 1935 to 31 December
observed for all age groups, representing both pre- and post- 1998, who have been assigned a CRS-number.21 This database
menopausal women, and irrespective of tun'ior characteris- contains close to complete information on sibships of children,
tics. Adjustment for age at first birth and parity did not
influence the results. Birth weight is positively associated parity of women and links between family members. The com-
with risk of breast cancer, indicating that prenatal factors are pleteness of the linkage between mother and child in BOS was
important in the etiology of breast cancer. estimated to 97.3% for children born before 1968, and complete
© 2003 Wiley-Liss, Inc. information for children born hereafter. 22

Key words: breast cancer; birth weight; oestrogen; prenatal factors; Information from the school health records was computerized
epidemiology; cohort and linked to the CRS matching on birth date and name. This

resulted in the identification of CRS-numbers for 141,481 girls
(88%). The lack of identification of the remaining 12% is partly

In 1990, Trichopoulos hypothesized that breast cancers may due to death (1%), emigration, and change of surname at the time
originate in utero.1 The idea is based on the assumption that of marriage, before 1 April 1968. Of the 141,468 girls with a
endogenous estrogens are important in the etiology of breast CRS-number 106,504 (75%) had information on birth weight.
cancer, and that the first exposure of the mammary gland to high
concentrations of estrogens (10-100 times the oestrogen levels Ascertainment of cases
achieved later in life) occurs in utero.' At this early stage, the Information on incident breast cancer cases was obtained from
mammary gland is largely undifferentiated and may be particularly the Danish Cancer Registry and from the Danish Breast Cancer
susceptible to influences that could increase the risk of cancer Cooperative Groups Registry. The Danish Cancer Registry was
through accelerated cell growth or by being more prone to exog- established in 1942 and is considered close to complete with
enous carcinogenic stimuli.i Studies have shown that birth weight respect to cases of malignant diseases diagnosed in Denmark since
is associated with oestrogen levels during pregnancy, which sug-
gests that birth weight is a useful proxy measure of intrauterine
oestrogen measure. 2-4  Grant sponsor: Department of the US Army; Grant sponsor: Danish

Studies on the association between birth weight and risk of Cancer Society; Grant sponsor: Danish National Research Foundation;
breast cancer have, however, yielded somewhat conflicting results. Grant sponsor: Dagmar Marshall Foundation.
Overall, the available literature on birth weight is suggestive of an
intrauterine effect on later risk of breast cancer especially for The authors certify that they have not entered into any agreement that
premenopausal ages, but the evidence is in many cases based either could interfere with their access to the data on the research, nor upon their
on studies with small sample sizes or on data of recalled events ability to analyze the data independently, to prepare manuscripts, and to
that occurred many decades earlier.5-20  publish them.

We explore the relation between birth weight and risk of breast
cancer in a very large population-based cohort of women for *Correspondence to: Department of Epidemiology Research, Statens
whom birth weights were recorded early in life. Serum Institut, Artillerivej 5, DK-2300 Copenhagen S, Denmark.

Fax: +45-32-68-31-65. E-mail: mme@ssi.dk

MATERIAL AND METHODS

Study population Received 3 February 2003; Revised 2 July 2003; Accepted 4 July 2003
The study cohort consisted of 161,063 girls born between 1930-

1975 who attended school in Copenhagen, Denmark. In this period DOI 10.1002/ijc.11481
school health records were kept for all pupils. The health records
were filled in by nurses or physicians in the school health services
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1943.23 The Danish Breast Cancer Cooperative Groups Registry TABLE I-NUMBER OF BREAST CANCER CASES AND
(DBCG) was established in late 1976 for the purpose of standard- PERSON YEARS OF FOLLOW-UP

izing and evaluating the treatment of breast cancer in Denmark.24  
Cohort characteristics Cases (%) Person years / 1,000 (%)

In addition to information from the Danish Cancer Registry, (n = 2,334) (n = 3,256)
DBCG contains information on tumor size and histology, oestro- Age
gen receptor status, nodal status and subsequent treatment. 0-39 375 (16.1) 2,305.6 (70.8)

40-44 453 (19.4) 347.9 (10.7)
45-49 584(25.0) 281.2 (8.6)

STATISTICAL METHODS 50-54 502 (21.5) 199.0(6.1)
55-59 325 (13.9) 98.2 (3.0)

The association between birth weight and breast cancer risk was 60 + 95 (4.1) 23.6 (0.7)
estimated in a cohort design using log-linear Poisson regression. Calendar period
Follow-up for breast cancer began 1 April 1968, or the date of 1968-1979' 145 (6.2) 1,187.7 (36.5)
birth, which ever came last, and continued until a diagnosis of 1980-1989 624 (26.7) 1,022.8 (31.4)
cancer, death, emigration or 31 August 2000, whichever came first. 1990 + 1,565 (67.1) 1,045.1 (32.1)

Adjustment was made for age (quadratic splines with knots: 35, Birth cohort
1930-1939 587 (25.2) 322.1 (9.9)40, 45, 50, 55 and 60) and calendar period in 5-year intervals.2s In 1940-1949 1,387 (59.4) 1,249.8 (38.4)

additional analyses, adjustments were made for age at first birth 1950-1959 325 (13.9) 83.3 (25.5)
(nulliparous, 12-19, 20-24, 25-29, 30-34, 35+) and parity 1960 + 35(1.5) 853.3 (26.2)
(0,1,2,3,4+). Birth weight

The relative risk (rate ratio) increase per 1,000 g increase in 501-1,499 g 5 (0.2) 13.5 (0.4)
birth weight was estimated by treating birth weight categorized in 1,500-2,499 g 125 (5.4) 191.6 (5.9)

2,500-2,999 g 305 (13.1) 522.6 (16.1)intervals of 100 g as a continuous variable. The numerical value 3,000-3,499 g 846 (36.3) 1,207.5 (37.1)assigned to a given category was chosen as the median of the 3,500-3,999 g 717 (30.7) 938.5 (28.8)
distribution of birth weight within the category. The log-linear 4,000-4,499 g 248 (10.6) 298.0 (9.2)
assumptions underlying the trend estimation of birth weight were 4,500-5,999 g 88 (3.8) 83.8 (2.6)
checked in 2 ways. Firstly, by a likelihood ratio test comparing the
models with birth weight treated as a continuous and a categorical Follow-up began 1 April 1968.
variable, respectively. Second, by evaluating the effect of includ-
ing a quadratic term in the trend analysis.

Poisson regression was used instead of Cox regression because 2.0

of the computational efficiency in large datasets. Estimation using 1.9•

Cox regression with age as the underlying time variable gave 1.8

identical estimates of the main trend and the confidence interval. 1.7

Information on tumor characteristics was available from 1977. 1.6

Estimation of the increase in breast cancer risk according to tumor 1.5

diameter (<2 cm; 2-5 cm; ->5 cm; missing or diagnosed before 1.4-

1977), nodal status (negative; positive; missing or diagnosed be- .
fore 1977) and oestrogen receptor status (negative; positive; miss- "

ing or diagnosed before 1977) by 1,000 g increase in birth weight 1.2

was carried out as a competing risks analysis, i.e., with censoring 1.1
as above but counting only the selected case category as cases.

All analyses were carried out using the SAS statistical software 1.0
release 8.02 (specifically the PROC GENMOD procedure). 26

0.9

RESULTS 0.8
2000 3000 4000 5000

A total of 2,340 cases of primary breast cancer were diagnosed Birth weight

in the cohort during 3,266,070 years of follow-up. Women with
recorded birth weights ->6,000 g or :5500 g were excluded from FIGURE 1 - Adjusted relative risk of breast cancer in birth weight
the analyses due to a high risk of misclassification in these extreme intervals of 200 g compared to women with a birth weight between
groups. 3,000-3,199 g. Due to small numbers at the end of the distributions we

Number of breast cancer cases and person-years of follow-up by have grouped the birth weights into the following categories: <2,000
age, calendar period, birth cohort and birth weight category for g, 2,000-2,399 g, 2,400-2,599 g, 2,600-2,799 g, 2,800-2,999 g ... ,
women remaining in the analysis are shown in Table I. A total of 4,600-4,799 g, ->4,800 g. The numerical value assigned to a given

2,334 cases of primary breast cancer were diagnosed in the re- category was chosen as the median of the distribution of birth weight
within the category. Adjustment was made for age and calendarstricted cohort during 3,255,549 years of follow-up and of these, period.

922 (40%) were diagnosed with primary breast cancer at the age of
50 years or older.

In our main analysis we found a significant positive association trend according to year of birth and period likewise showed no
between birth weight and breast cancer equivalent to a 9% increase variation (data not shown).
in risk per 1,000 g increase in birth weight (95% CI = 2% to 17%). To investigate the association with tumor characteristics we
If all registered birth weights were included in the analysis (i.e. , used additional data from DBCG on tumor size (<2 cm: n =
including birth weight registered as being below 501 g or above 1,132, 2-5 cm: n = 680, 5 cm: n = 159, missing: n = 363)
5,999 g) the increase in risk was 8% per 1,000 g (95% CI = 1% nodal status (node neg: n 1,097, node pos: n = 859, missing:
to 16%). Data and trend are shown on Figure 1. n = 378) and oestrogen receptor status (ER pos: n = 1,087, ER

Table II shows the increase in breast cancer risk by 1,000 g neg: n = 469, missing: n = 778). Estimating the increase in risk
increase in birth weight stratified by age. The risk increase by birth of breast cancer according to tumor characteristics by 1,000 g
weight did not vary with age (p = 0.30). Analysis of the linear increase in birth weight showed no systematic differences in the
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TABLE f-INCREASE IN BREAST CANCER RISK PER 1000 G INCREASE mothers, Michels et al. 6 found significant evidence to support a
IN BIRTH WEIGHT ACCORDING TO AGE positive association between extreme birth weight and risk of

Cases RR,_,, (95% CI)t breast cancer, not only in younger women but also later in life. The
Age (years) (n = 2,334) reason why some previous studies failed to find an association may

0-39 375 1.07 (0.90-1.28) p = 0.302 partly be due to the fact that the independent effect of birth weight
40-44 453 1.08 (0.92-1.26) seems to be rather small, and the studies thus lacked power due to
45-49 584 1.20 (1.04-1.38) their size.
50-54 502 1.08 (0.92-1.25) Analysis of the magnitude of the trend per 1,000 g increase in
55-59 325 1.09 (0.91-1.31)
60 + 95 0.77 (0.56-1.07) birth weight has only been reported in one previous study'0 that

Overall 1.09 (1.02-1.17) followed 3,447 women who gave rise to 177 breast cancers. The
authors also found a linear increased risk of breast cancer with

'Adjusted for calendar period.- 2Test for difference, i.e. test for increased birth weight with a hazard ratio of 22% per 1,000 g (95%
interaction between age and birth weight trend. Similar analysis but CI 10-65). Three other studies have reported significant
with binary age groups (< 50 years and !- 50 years) revealed no trends,6,7,20 but did not calculate the magnitude of the trend.difference in trend according to age, p = 0.29. In contrast to most previous studies our study had sufficient

power to detect weak associations and avoided, to a large extent,
trend by tumor characteristics at diagnosis. The increase in risk of potentials for bias of the results. We based our cohort on all
being diagnosed with a tumor <2 cm by 1,000 g increase in birth children attending schools in a well defined area of Denmark and
weight was 1.09 (0.99-1.20), 0.98 (0.86-1.11) for tumors between followed them for as much as 70 years through our national
2-5 cm, and 1.21 (0.93-1.58) for tumors Ž-5 cm. Likewise was the registries. These registries contain continuously updated manda-
increase in risk by 1,000 g increase in birth weight for nodal tory registrations of vital status, emigration and cancer diagnoses.
positive tumors 1.03 (0.91-1.15) and 1.07 (0.96-1.18) for nodal The social structure of the Danish health care system that provides
negative tumors. For oestrogen receptor positive tumors the in- equal access to health care further diminished possibilities for bias.
crease in risk was 1.03 (0.88-1.20) and for oestrogen receptor Measures of birth weight were recorded decades before and inde-
negative tumors 1.01 (0.91-1.12). pendent of possible breast cancer diagnosis, making differential

To further validate the results three additional analyses were misclassification unlikely. Furthermore, birth weight was recorded
carried out. Firstly, parity and age at first birth were known for at an early age, which limited potentials for recall bias.27 We were
women born in 1935 and later. No confounding effect was found not able to adjust birth weight for gestational age. Studies have
when adjusting for these factors. Restricting the cohort to women suggested, however, that prematurity is associated with an in-
where parity and age at first birth were known the increase in risk creased risk of breast cancer28 and controlling for gestational age
by 1,000 g increase in birth weight was similar the increase in risk would then likely have tended to strengthen the association with
for whole cohort (RR = 9% per 1,000 g, 95% CI = 2%-17%). birth weight.' 3

Adjusting for parity and age did not change this estimate. Sec- The size of this study made it possible to perform estimations in
ondly, some of the identified women had missing information on subgroups. It has previously been suggested that the association
birth weight. Their breast cancer risk did not vary significantly with birth weight is strongest for premenopausal women. 5.9 We
from women with known birth weight, RRun .... - kon = 0.94 found, however, the effect of birth weight to be similar in all age
(95% CI = 0.86-1.03). Thirdly, the estimation was based on the groups (Table II). The association with birth weight according to
assumption that the association between birth weight and breast tumor characteristics has not previously been investigated. We
cancer can be described by a trend. Goodness-of-fit tests gave no found no systematic differences in the association by tumor char-
indication that this assumption was inadequate. acteristics. This suggests that the association with birth weight is a

general phenomenon and not restricted to tumors with specific
DISCUSSION characteristics.

Based on a cohort of 106,504 women we documented a statis- Adjustment for parity and age at first birth had no impact on our
tically significant association between birth weight and breast results. Parity and age at first birth reflects the hormonal and
cancer. Thus, risk of breast cancer increased by 9% per 1,000 g cellular changes after pregnancies as well as maternal social status.
increase in birth weight. This finding is in agreement with the Based on this result we found in line with others20 no indication of
currently prevailing hypothesis that intrauterine factors contribute confounding by social status although both birth weight and breast
to the development of breast cancer in adulthood. cancer have been associated with social factors. 29

Whereas some previous studies have found support for an The biological explanation for an association between birth
association between birth weight and breast cancer,5-9,20 others weight and later risk of breast cancer remains to be established.
have been inconclusive or observed no association. 9-19 Thus, 3 Involvement of hormones, particularly estrogens, in the carcino-
recent smaller cohort studies found a positive but non-significant . genesis has received much attention as the mammary gland is
association with high birth weight."°- 12 A significant positive exposed to very high concentrations of estrogens in utero.30 Stud-
association was found in a Norwegian case-control study (373 ies have shown that birth weight is correlated with oestrogen levels
cases of breast cancer),7 whereas a similarly designed Swedish during pregnancy, 2- 4 and birth weight has therefore typically been
study (1,068 cases) failed to document a significant association used as a proxy measure of intra-uterine oestrogen exposure. As
with birth size indicators.13 Based on 2 different case-control the intra-uterine hormonal milieu is very complex, however, it is
studies, Sanderson and colleagues 9 reported a positive association likely that other exposures, e.g., IGF and insulin, which are also
between birth weight and risk of breast cancer in premenopausal correlated with birth weight, could be equally important.
women in the US, but not in postmenopausal women. The asso- In conclusion, we found a small but significant association
ciation in premenopausal women was supported by Innes and between birth weight and risk of breast cancer, which supports the
McCormack, 5,20 but others found no such association.15-18 Based hypothesis that prenatal factors are involved in the pathogenesis of
on recalled birth weights reported by adult women and their breast cancer.
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ABSTRACT

BACKGROUND

Adult height and body-mass index influence the risk ofbreast cancer in women. Wheth- From the Department of Epidemiology Re-

er these associations reflect growth patterns of the fetus or growth during childhood search, Danish Epidemiology Science Cen-
ter, Statens Serum Institut (M.A., M.M.,

and adolescence is unknown. J.W); and the Danish Epidemiology Science

Centre, Institute of Preventive Medicine,

METHODS Copenhagen University Hospital (T.I.A.S.)
- both in Copenhagen. Address reprint

We investigated the association between growth during childhood and the risk of requests to Dr. Ahlgren at the Department

breast cancer in a cohort of117,415 Danish women. Birth weight, age at menarche, and of Epidemiology Research, Danish Epidemi.

annual measurements ofheight and weight were obtained from school health records. ology Science Center, Statens Serum Insti-
tut, Artillerivej 5, DK-2300 Copenhagen S,

We used the data to model individual growth curves. Information on vital status, age Denmark, or at abk@ssi.dk.

at first childbirth, parity, and diagnosis ofbreast cancer was obtained through linkages
to national registries. N Engl J Med 2004;351:1619-26.

Copyright © 2004 Massachusetts Medical Society.

RESULTS

During 3,333,359 person-years of follow-up, 3340 cases of breast cancer were diag-
nosed. High birth weight, high stature at 14 years ofage, low body-mass index (BMI)
at 14 years of age, and peak growth at an early age were independent risk factors for
breast cancer. Height at8 years of age and the increase in height during puberty (8 to 14
years of age) were also associated with breast cancer. The attributable risks of birth
weight, height at 14 years ofage, BMI at 14 years of age, and age at peak growth were
7 percent, 15 percent, 15 percent, and 9 percent, respectively. No effect ofadjusting for
age at menarche, age at first childbirth, and parity was observed.

CONCLUSIONS

Birth weight and growth during childhood and adolescence influence the risk ofbreast
cancer.

N ENGL J MEn 351;16 WWW.NEJM.ORG OCTOBER 14, 2004 1619

Downloaded from www.nejm.org at STATENS SERUMINSTITUT on January 10, 2005.
Copyright @ 2004 Massachusetts Medical Society. All rights reserved.
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OST STUDIES OF BODY SIZE AND THE 1943.3 For women under 70 years of age at diag-
risk of breast cancer have shown that nosis, more than 95 percent of cases have been
tall women have an increased risk of registered in the clinical Danish Breast Cancer Co-

breast cancer regardless of menopausal status,' operative Group database.4

whereas obese women have a reduced risk of breast
cancer before menopause but an increased risk af- STATISTICAL ANALYSIS

ter menopause. 2 The extent to which these associ- Weight and height at 8, 10, 12, and 14 years of age
ations in adults reflect growth patterns in early life were estimated by linear interpolation of the last
is unknown. A better understanding of the associ- measurement before the birthday and the first mea-
ation between early growth patterns and the risk of surement after the birthday. If no measurements
breast cancer could improve our knowledge of the after the 14th birthday existed but the measure-
mechanisms ofthe disease and could be important ments at ages 8,10, and 12 were known, the level at
for prevention. 14 years of age was predicted by best subset re-

We explored possible associations among birth gression performed with the use of Stata software,
weight, childhood and pubertal growth, and breast version 8.0.1 Body-mass index (BMI) was the weight
cancer in a large, population-based cohort study in kilograms divided by the square ofthe height in
of women for whom height and weight had been meters.
recorded annually during the school years. Age at peak growth was defined as the age be-

tween pairs of subsequent measurements that in-

METHODS dicated the maximal growth rate in height. We
estimated the growth rate between two measure-

STU DY POPULATION ments as a weighted average ofthe change in height
We based our study on a cohort of women born between the two measurements (the interval has a
from 1930 through 1975 who had undergone reg- weight of one half of the weighted average) and
ular health examinations in school in the munic- the change in both adjacent intervals (which have
ipality of Copenhagen. A manual register of the weights of one quarter and one quarter of the
school health records lists 161,063 girls. The rec- weighted average). With only one adjacent interval,
ords include information on annual measurements the weights were two thirds and one third of the
of weight and height, age at menarche, and birth weighted average, respectively. Age at peak growth
weight as reported by the parents. Information from was estimated for girls with five or more measure-
these school health records was computerized and ments and in whom the maximal growth rate was
linked by name and date ofbirth to the Danish Civil estimated to be 3.5 cm per year or more.
Registration System (CRS). Follow-up for the diagnosis ofbreast cancer be-

Since April 1, 1968, the CRS has assigned a gan for all subjects at 14 years of age or on April 1,
unique 10-digit personal identification number 1968, whichever came last, and continued until a
(the CRS number) to all residents and newborns in diagnosis of breast cancer, death, emigration, or
Denmark. The CRS number permits linkage with August 31,2001 (the end offollow-up), whichever
information from other registries. CRS numbers came first. The association with breast cancer was
were identified for 141,393 girls (88 percent) but estimated according to a cohort design with the
were missing in the remainder - mainly because use of a log-linear Poisson regression model (SAS,
of emigration, death, or changes in surnames be- version 8).6 Adjustment was made for attained age
fore 1968. Information from the CRS was also used (quadratic splines with "knots" for each five years)
to determine the variables of parity and age at each and for the calendar period (in five-year intervals).7
delivery ofa child for cohort members. 3,4  In additional analyses, adjustments were made for

Information about cases ofinvasive breast can- age at first childbirth and parity.
cer occurring through 1997 was obtained from the Differences according to attained age and the
Danish Cancer Registry, and information about difference in the effect of the change in height and
cases from 1998 through 2001 was obtained from BMI according to age intervals during childhood
the registry of the Danish Breast Cancer Coopera- were evaluated by likelihood-ratio tests ofhetero-
tive Group. The Danish Cancer Registry is consid- geneity. Trends were estimated by treating the cate-
ered close to complete with respect to cases of gorized variables (assigned the median within the
malignant diseases diagnosed in Denmark since category) as continuous variables. The underly-

1620 N ENGLJ MED 351;16 WWW.NEJM.ORG OCTOBER 14, 2004

Downloaded from www.nejm.org at STATENS SERUMINSTITUT on January 10, 2005.
Copyright @ 2004 Massachusetts Medical Society. All rights reserved.



GROWTH PATTERNS AND THE RISK OF BREAST CANCER

ing log-linear assumptions were checked against were available for 3610 women), the estimated
a categorical model with the use of likelihood- age at peak growth, and the BMI at 14 years of age
ratio tests. were inversely associated with the relative risk of

Information about age at menarche had not breast cancer. Birth weight (data were available
been computerized originally along with measure- for 91,601 women) and height at 14 years of age
ments of birth weight, weight, and height. There- showed a positive association with the relative risk
fore, we manually retrieved school health records of breast cancer. No change in effect was found
in a nested, case-cohort design on all 2005 women when we adjusted for parity and age at first child-
who were born from 1940 to 1970 in whom breast birth.
cancer developed during follow-up and a cohort of We investigated whether growth in any specif-
5500 randomly chosen women who were stratified ic age interval influenced the risk of breast cancer.
according to birth cohort in accordance with the We used the age at peak growth to subdivide the
distribution ofcases. Information on age at menar- period from 8 to 14 years of age into the following
che was retrieved for 3610 ofthe women, ofwhom three intervals: from 8 years of age until the peak
950 had breast cancer. year, during the peak year, and from the peak year

Analyses involving age at menarche were per- until 14 years of age. The peak year was defined as
formed with the use of Cox regression, with at- the 12-month period beginning 6 months before
tained age as the underlying time variable and with the estimated age at peak growth. Increase in height
birth cohort as stratum variable. The Cox regres- was significantly associated with the relative risk
sion analyses (with robust estimation ofvariance to ofbreast cancer within all age intervals after adjust-
avoid overestimation of the precision due to the ment for the BMI at 14 years of age, age at peak
oversampling of cases) were performed with the growth, and attained age and calendar period (Ta-
use of the STCOX procedure (Stata statistical soft- ble 2). The relative risk per increase in height was
ware, version 8).5 Follow-up was as in the Poisson similar in the three age intervals between 8 and
regression. 14 years of age (P=0.33), whereas the relative risk

We estimated the population attributable risk was significantly higher for changes in height be-
for each variable in scenarios in which each wom- tween 8 and 14 years of age than for changes in
an was assigned the median value in the lowest height before the age of 8 (P=0.01).
category (in the case of birth weight and height at The BMI, adjusted for height at age 14, age at
14 years ofage) or the highest category (in the case peak growth, and attained age and calendar peri-
ofBMI at 14years and age at peakgrowth) (Table 1). od, was significantly associated with the relative
The population attributable risks were estimated risk of breast cancer within all the age intervals
for each variable on the basis of the distribution of (Table 2). However, the increase in risk per increase
risk factors presented in Table I and the relative in BMI was similar in the three intervals from 8 to
risks (estimated from the trend) for the median val- 14 years of age (P=0.77). Also, the increase in risk
ue of each quintile. was similar for changes in the BMI between 8 and

14 years of age and changes in the BMI before the
RESULTS age of 8 (P=0.10). No association was found be-

tween weight (unadjusted for height) at any age
In our cohort of 141,393 girls who had CRS num- and the risk of breast cancer (data not shown).
bers, there were 1,128,505 sets of measurements The correlation coefficients for each of the five
ofweightand height. Overall, 89 percentofthe girls variables in Table 1 as well as height and BMI at
had 5 to 12 measurements (median, 8). The medi- 8 years of age were all less than 0.4 with three ex-
an (±SD) age at the first measurement was 7.2±1.1 ceptions: height at the ages of 8 and 14 (0.88),
years, and the median age at the last measurement BMI at the ages of 8 and 14 (0.74), and age at
was 14.5±2.0years. We limited all subsequent analy- menarche and age at peak growth (0.60). The cor-
ses to the 117,415 women with complete informa- relation coefficients for birth weight were all less
tion on weight and height at 8, 10, 12, and 14 years than 0.20.
of age as well as age at peak growth. In this cohort, After further mutual adjustment (Table 3), birth
3340 cases of breast cancer were observed during weight, height at 8 years of age, height increase
3,333,359 person-years offollow-up. between 8 and 14 years of age, and the BMI at 14

As Table 1 shows, the age at menarche (data years of age remained independently associated

N ENGL J MED 351;16 WWW.NEJM.ORG OCTOBER 14, 2004 1621
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Table 1. Adjusted Relative Risk of Breast Cancer According to Birth Weight, Age at Peak Growth, Age at Menarche,
and Height and BMI at 14 Years of Age in the Cohort of 117,415 Women.*

Variable No. of Cases Relative Risk (95% Cl)

Birth weight (kg)"

Median of each quintile

2.5 381 1.00q

3.0 392 0.98 (0.85-1.13)

3.4 668 1.06 (0.93-1.20)

3.6 150 1.05 (0.87-1.27)

4.0 483 1.17 (1.02-1.33)

Trend per kg 2074 1.10 (1.01-1.20)

Age at peak growth (yr)

Median of each quintile

10.4 568 1.00,

11.3 727 1.04 (0.93-1.16)

12.0 703 0.94 (0.84-1.05)

12.8 657 0.86 (0.77-0.96)

13.5 685 0.84 (0.75-0.93)

Trend per yr 3340 0.97 (0.96-0.98)

Age at menarche (yr)S

Median of each quintile

11.9 193 1.00J:

12.6 201 1.03 (0.85-1.26)

13.2 209 1.09 (0.90-1.33)

13.7 183 0.94 (0.77-1.15)

14.4 164 0.83 (0.67-1.02)

Trend per yr 950 0.96 (0.92-1.00)

with breast cancer, with trends similar to those and age at peak growth were 15 percent, 15 percent,
presented in Tables 1 and 2. Similar analyses in the and 9 percent, respectively.
nested case-cohort design, where age at menarche
was known, revealed that adjustment for age at DISCUSSION

menarche did not affect these associations.
The association between age at peak growth With the use of a very large collection of school

and breast cancer was enhanced after adjustment health records combined with effective follow-up,
for all growth variables except age at menarche, we found that high birth weight, early age at peak
which did not affect the association. Age at men- growth, high stature at 14 years ofage, low BMI at
arche was not associated with the relative risk of 14 years of age, and high growth rate in childhood
breast cancer after adjustment for the pubertal - particularly around puberty - were all inde-
growth factors (Table 3). pendent risk factors for breast cancer. Our results

To evaluate the effect of these variables on the are in accord with the positive association between
population, we calculated population attributable adult height and premenopausal and postmeno-
risks under the assumption of causal associations. pausal risks ofbreast cancer' and with the inverse
If all women had a birth weight in the lowest cate- association between BMI and the risk ofpremeno-
gory (lowest quintile), the number of cases would pausal breast cancer.8 However, we also identified
be diminished by 7 percent. Similar figures for specific periods of early growth that are important
height at 14 years of age, BMI at 14 years of age, to the risk ofbreast cancer.

1622 N ENGL J MED 351;16 WWW.NEJM.ORG OCTOBER 14, 2004
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Table 1. (Continued.)

Variable No. of Cases Relative Risk (95% CI)

Height at age 14 (cm)

Median of each quintile

151.1 733 1.00t

156.2 678 1.07 (0.96-1.19)

159.8 682 1.18 (1.06-1.31)

162.9 600 1.15 (1.03-1.28)

167.6 647 1.51 (1.36-1.68)

Trend per 5 cm 3340 1.11 (1.08-1.15)

BMI at age 14 (kg/m2)

Median of each quintile

16.7 644 1.004

18.1 692 0.96 (0.86-1.07)

19.1 736 1.02 (0.92-1.13)

20.3 711 0.99 (0.89-1.10)

22.4 557 0.84 (0.75-0.94)

Trend per unit 3340 0.97 (0.96-0.98)

* All variables were adjusted for age and calendar period except age at menarche, which was adjusted for birth cohort
instead of'calendar period owing to the case-cohort design. BM I denotes body-mass index (calculated as the weight in
kilograms divided by the square ofthe height in meters), and Cl confidence interval. Adjustment for parity and age at first
childbirth did not markedly change the trend estimates. Trends are for each increase ofone in the unit specified.

"- Birth weight was known for 91,601 of the 117,415 women for whom complete information was available on height,
weight, and age at peak growth, and breast cancer developed in 2074.

TThis group served as the reference group.
Information on age at menarche was collected with use of'a case-cohort design for 3610 women, and ofthese, breast
cancer developed in 950.

Birth weight, a proxy for in utero growth and proxy for adult height,2 7 to confirm the finding of
prenatal exposure, has been studied by several au- a direct association between adult height and risk
thors, and most 9-"8 but not all 1 2,19-2 3 have found of breast cancer. Our finding of an 11 percent in-
support for an association between birth weight crease in risk for every 5 cm increase in height was
and breast cancer. In a previous study of women similar to the results ofa verylarge study ofadults.2

from the same population butwithout information Our data allowed us to investigate whether the in-
on subsequent growth, we also found a significant fluence of final height was modified by the growth
association.24 In the present study, we found that pattern. Height at 8 years ofage and the increase in
the association of breast cancer with birth weight height around puberty were both associated with
is independent of the effect of subsequent growth breast cancer, but the latter was stronger, suggest-
patterns and the timing of puberty on the risk of ing that pubertal growth has a special effect on the
breast cancer. , risk of breast cancer. In contrast, analyses of the

Four studies have explored the association be- BMI did not reveal any time interval in which chang-
tween pubertal growth and the risk ofbreast cancer es in the BMI were of special importance.
in cohorts where actual measurements of weight We found a linear trend between a lower age at
and height were obtained, although on a much peak growth and an increased risk ofbreast cancer,
more limited scale than in our study.' 5'16'25'26 In which was independent of other measures. Adult
agreement with these studies, we found the BMI height is weakly linked to age at peak growth and
at 8, 10, 12, and 14 years of age to be inversely as- age at menarche, and it is possible that different
sociated with the risk of breast cancer. We used factors control these variables. Age at peak growth
height at 14 years of age, which serves as a good probably reflects the initiation of puberty. A Nor-
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Table 3. Association between Growth Variables and Breast Cancer, According to Age.

Growth Variable Relative Risk (95% CI)* P Value¶

All Ages Age <50 yr Age Ž50 yr

Birth weight1. 1.10 (1.01-1.21) 114 (1.01-1.28) 1.05 (0.91-1.21) 0.39

Age at peak growthS 0.94 (0.91-0.97) 0.90 (0.86-0.95) 0.98 (0.93-1.03) 0.03

Age at menarche . 0.99 (0.91-1.07) 0.98(0.88-1.08) 1.01 (0.87-1.17) 0.74

Height at age 8T 1.11 (1.07-1.15) 1.11 (1.05-1.17) 1.11 (1.05-1.17) 0.62

Height increase age 8 to age 14± 1.17 (1.09-1.25) 1.15 (1.05-1.27) 1.18 (1.07-1.30) 0.74

BMI age 14Ti 0.95 (0.93-0.97) 0.96 (0.94-0.99) 0.94 (0.92-0.97) 0.22

The relative risk is per 1-kg increase in birth weight, per 1-year increase in age at peak growth and age at menarche, per
5-cm increase in height, and per 1-unit increase in body-mass index (BM I). Cl denotes confidence interval.

t Adjusted for age at peak growth, height at 8 years of age, height increase from 8 to 14 years of age, and BMI at 14 years
of age. Further adjustment for age at menarche did not markedly change the estimate.

T Mutually adjusted. Further adjustment for birth weight and age at menarche did not markedly change the estimate.
S Adjusted for age at peak growth, height at age 8, height increase from age 8 to age 14, and BMI at age 14. Further adjust-

ment for birth weight did not markedly change the estimate.
¶ P values represent the difference in relative risk according to attained ages.

menstrual cycles, 34 itis possible that the age at peak adipose tissue may promote differentiation of the
growth is really an indicator of the age at which the breast epithelium.
breast starts growing and, hence, influences the Overall, our results provide evidence that fac-
risk ofbreast cancer. tors influencing fetal, childhood, and adolescent

Our finding that a high BMI protects against growth are important independent risk factors for
breast cancer contrasts with studies showing that breast cancer in adulthood. Therefore, the expo-
overweight in girls is associated with early menar- sures or conditioning processes during these peri-
che. 31 Our findings suggest that the effect ofchild- ods are ofparticular importance in relation to adult
hood obesity on breast cancer does not occur by breast cancer.
means of a contribution to the acceleration ofpu- Supported by grants from the U.S. Department of Defense Con-

gressionally Directed Medical Research Programs, the Danish Med-
berty, because early menarche has the opposite ef- ical Research Council, the Danish National Research Foundation,

fect ofobesity. However, the estrogens produced by and the Danish Cancer Society.
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Breast Cancer - Early Life Matters
Karin B. Michels, Sc.D., and Walter C. Willett, M.D., Dr.P.H.

Despite improved treatment, mortality rates from likely to occur during the development of the mam-
breast cancer remain high, partly because ofthe in- mary glands and sexual maturation, the period be-
creasing incidence of the disease. Understanding tween conception and mammary-gland develop-
the causes of breast cancer could ultimately lead to ment may be one of particular sensitivity. Among
its prevention. Many observations point to early life survivors of atomic bomb explosions, the excess
as a susceptible period in mammary carcinogene- relative risk of breast cancer was greatest among
sis. Early menarche, late first delivery, and ionizing girls who were exposed before 10 years ofage.3

radiation during early life are documented risk fac- In their study of growth patterns in a Danish
tors. High stature, which to a certain extent is de- population, reported in this issue oftheJournal, Ahl-
termined by childhood nutrition, has consistently gren and colleagues4 found that high birth weight,
been associated with an increase in the risk of rapid growth around the time of mammary-gland
breast cancer.' development, high stature, and low body-mass in-

Studies in animals also indicate that the maam- dex during adolescence were independent risk fac-
mary gland is most vulnerable to carcinogenic in- tors for breast cancer later in life. Interestingly, the
fluences before a woman's first delivery, when many investigators found that after they had accounted
of the cells in the breast differentiate to assume their for the growth pattern during childhood and ado-
intended function.2 Since some differentiation is lescence, the age at menarche was not related to the
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risk ofbreast cancer. The strengths ofthis study are late to trends occurring elsewhere? Among the most
its considerable size and the unbiased source of the dramatic and well-documented changes are those
data on early life, which were abstracted from school in Japan, where a large increase in height has been
health records. The findings of Ahlgren et al. add observed over the past five decades, presumably
to a substantial literature indicating that there is a primarily because ofa change in diet. This increase
positive association between birth weight and the in height has been followed by a steady increase in
risk of breast cancer,5 primarily before menopause, the rate of breast cancer (Fig. 1). Generally, the
and that childhood adiposity is inversely associat- world population has become taller over time, espe-
ed with the risk of breast cancer. cially during the past century. At least part of the

An association between the risk ofbreast cancer increasing incidence ofbreast cancer may be attrib-
and the rate of growth during adolescence has been utable to this growth.
suggested previously, but these new data are the Currently available data paint a complex pic-
most convincing. An important new finding from ture of the lifetime body build associated with the
the current study is that rapid growth between 8 and lowest risk of breast cancer: one would want to be
14 years of age carries an additional risk of breast born light, to grow slowly but steadily into a chub-
cancer independent of a woman's final height. Al- by, short child, and to maintain one's fat mass until
though information on risk factors during adult life one reached menopause, atwhich point, one would
was not available in this study, others have found want to shed the excess pounds immediately in or-
that the body-mass index during early adulthood is der to keep the risk of breast cancer low. However,
inversely related to the risk ofbreast cancer but that we should not necessarily interpret these associa-
weight gain during adulthood and higher body mass tions as directly causal. Low birth weight and short
after menopause are associated with an increased stature could be related to genetically determined
risk of breast cancer among postmenopausal wom- low levels of insulin-like growth factor 1 or other
en.6 Thus, a key question that was not addressed growth factors that affect breast cells later during
by this study is the independent contribution of the adulthood; if so, modifying birth weight, which
body-mass index in childhood and early adulthood may just be an early marker of hormonal effects,
to the risk of breast cancer. might not change the risk of breast cancer. One

How does this observation from Denmark re- must also bear in mind that higher birth weight,
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Figu 1. Relation between Height at 12 Years of Age amongJapanese Girls and the Incidence of Breast Cancer 30 Years
Later amongJapanese Women 40 to 44 Years of Age.
Data are from Takahashi7 and the Research Group for Population-Based Cancer Registration in Japan.-
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higher stature, and lower body-mass index during to the risk of breast cancer will not be an easy task,
adolescence are related to lower risks ofcardiovas- but it is one that deserves serious attention.
cular disease and diabetes. 9 Thus, modifying these
factors in an effort to reduce the risk ofbreast can- From the Obstetrics and Gynecology Epidemiology Center (K.B.M.)

and the Channing Laboratory (K.B.M., WC.W.), Brigham and Wom-cer, even iftheywere causal, might not be desirable en's Hospital, Harvard Medical School; and the Departments of

for overall health. A rapid rate of growth during Epidemiology (K.B.M., W.C.W) and Nutrition (W.C.W), Harvard
early adolescence, however, may be of particular School of Public Health - all in Boston.

interest as a potentially modifiable risk factor, since 1. van den BrandtPA, Spiegelman D, Yaun SS, et al. Pooled analysis

it does not, as yet, seem advantageous for other of prospective cohort studies on height, weight, and breast cancer
risk. AmJ Epidemiol 2000;152:514-27.

health outcomes. 2. Russo J, Tay LK, Russo IH. Differentiation of the mammary
We still face the challenge of discovering the gland and susceptibility to carcinogenesis. Breast Cancer Res Treat

biologic pathways underlying the observed asso- 1982;2:5-73.
3. Land CE. Studies of cancer and radiation dose among atomic

ciations. Growth factors are likely to play a role, bomb survivors: the example of breast cancer. JAMA 1995;274:
because they affect susceptible mammary tissue. 402-7.
When the mammary gland matures, it undergoes 4. Ahlgren M, Melbye M, WohlfahrtJ, Sorensen TIA. Growth pat-

terns and the risk of breast cancer in women. N Engl J Med 2004;rapid cell division, increasing the opportunities for 351:1619-26.
mutations to occur - opportunities that may be 5. McCormack VA, dos Santos Silva I, De Stavola BL, Mohsen R,

further increased by an accelerated rate of growth. Leon DA, Lithell HO. Fetal growth and subsequent risk of breast
cancer: results from long term follow up of Swedish cohort. BMJThe identification of biologic mechanisms that 2003;326:248.

could translate into practical preventive strategies 6. Huang Z, Hankinson SE, Colditz GA, et al. Dual effects ofweight

is even more important. One factor that has been and weight gain on breast cancer risk. JAMA 1997;278:1407-11.
7. Takahashi E. Growth and environmental factors in Japan. Hum

related to the rate of growth in children is animal Biol 1966;38:112-30.
protein. Milk has been hypothesized to be a factor 8. The Research Group for Population-based Cancer Registrationin the rapid changes in growth among Japanese inJapan. Cancer incidence and incidence rates inJapan in 1999: es-

timates based on data from 11 population-based cancer registries.girls, in partbecause ofits protein content, butalso JpnJ Clin Oncol2004;34:352-6.
because of its high content of many anabolic hor- 9. Barker DJ, Gluckman PD, Godfrey KM, Harding JE, Owens JA,
mones. Recent findings have confirmed that milk RobinsonJS. Fetal nutrition and cardiovascular disease in adultlife.

Lancet 1993;341:938-41.consumption does increase the circulating levels of 10. Hoppe C, Udam TR, Lauritzen L, Molgaard C, Juul A, Michael-

insulin-like growth factor 1 and is associated with sen KR. Animal protein intake, serum insulin-like growth factor I,
higher stature.10 Understanding how these and and growth in healthy 2.5-y-old Danish children. Am J Clin Nutr

2004;80:447-52.
other factors are related to childhood growth and Copyright © 2004 Massachuse•t Medical Society.

Dynamic Mitral Regurgitation More Than Meets the Eye
Robert A. Levine, M.D.

Recollections of early medical training conjure up ly dynamic and sensitive to changes in ventricular
images of the master clinician standing beside the size, shape, and loading that restrict closure of the
exercising patient, keenly observing the effects of mitral leaflet. In this issue oftheJournal, Pi~rard and
disease. Exercise stress testing is a cornerstone of Lancellotti' make that point in a new way by show-
the evaluation of dynamic coronary insufficiency, ing that patients who present with acute pulmonary
providing diagnosis and prognosis. Valvular heart edema subsequently have large exercise-induced
disease, in contrast, has been considered relatively increases in mitral regurgitation and related pulmo-
static and has been managed largely on the basis of nary pressures. The authors have associated this
resting evaluation. Current clinical guidelines indi- exercise physiologywith an adverse prognosis. Ex-
cate that there is conflicting evidence regarding ex- ercise can therefore unmask the true severity ofwhat
ercise testing in valvular disease and that no efficacy might otherwise be considered a mild lesion.
has been established; advocates suggest exploring Pulmonary edema has three basic causes: in-
the dynamics of the ventricle, not the valve, creased alveolar-capillary permeability, decreased

Ischemic mitral regurgitation consequent to alveolar pressure, and increased pulmonary-capil-
myocardial infarction, however, is characteristical- lary pressure (with or without increased interstitial

N ENGL J MED 351;16 WWW.NEJM.ORG OCTOBER 14, 2004 1681
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2 BACKGROUND

2.1 INTRODUCTION

Breast cancer is the most common cancer in Danish women, with more than 3,500 new cases

diagnosed every year (1). The associations between adult anthropometrical measures and breast

cancer are well established, but the extent to which these associations are reflections of specific

growth patterns of the fetus, in childhood and adolescence is not resolved.

The breast in women goes through four major growth phases over a lifetime (2), all of which

have been suggested to be critical in relation to possibly malignant transformation. The formation of

the breast begins in early fetal life and at birth it is morphologically identical in boys and girls. Not

until puberty does sexual dimorphism occur under the influence of sex hormones. The breast in

women grows due to an increase in stromal tissue and through an extension of the breast

epithelium. However, not until pregnancy does the breast undergo final maturation into a lactating

organ. Involution occurs following weaning and the breast resumes its resting stage, with some

residual .increase in size of functional glandular units. At menopause the breast undergoes major

involution in which both the glandular epithelium and the connective stroma regress and are

replaced by fat tissue.

Looking for biological processes that operate during these "critical" time periods therefore has a

sound biological background, and many factors have been examined for their importance in breast

cancer etiology. In the following overview focus will be on previous studies of early life exposures.

2.2 IN-UTERO GROWTHAND RISK OF CANCER

In 1990, Trichopolous hypothesized that part of a woman's breast cancer risk profile is caused

by exposures exerting their influence in-utero. The hypothesis is based on the findings that estrogen

levels during pregnancy vary between individuals and that the undifferentiated mammary gland in-

utero is exposed to high concentrations of estrogens (10-100 times the estrogen levels achieved later

in life) (3). Estrogens are mammotropic, as well as being established growth factors, and as such

they induce cell proliferation (4). Rapid cell division per se may affect risk of breast cancer without

genotoxicity by increasing the probability of irreparable DNA damage (5). High levels of estrogen

during pregnancy could thus give rise to an increased number of cells "susceptible" to later

carcinogenic stimuli, e.g. by priming the mammary tissue for excessive responses at puberty or

during early adult life (6). Studies have shown that high estrogen levels during pregnancy are

associated with high birth weight, which suggests that birth weight is a useful proxy of intrauterine

estrogen measure (7-9).
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Studies on the association between birth weight and risk of breast cancer have, however, yielded

somewhat conflicting results. Overall, the available literature on birth weight is suggestive of an

intrauterine effect on later risk of breast cancer, especially for premenopausal ages, but the evidence

is in many cases based either on studies with small sample sizes or on data of recalled events that

occurred many decades earlier (10-25). Previous studies are presented in Table 1 on page 9.

A significantly positive association was found in a Norwegian case-control study (373 cases of

breast cancer) (12), whereas a similarly designed Swedish study (1,068 cases) failed to document a

significant association with birth size indicators (18). Based on two different case-control studies,

Sanderson and colleagues reported a positive association between birth weight and risk of breast

cancer in premenopausal women in the US, but not in postmenopausal women (14). The association

in premenopausal women was supported by Innes and McCormack (10;25), but others found no

such association (20-23). Based on recalled birth weights reported by adult women and their

mothers, Michels and colleagues found significant evidence to support a positive association

between extreme birth weight and risk of breast cancer, not only in younger women but also later in

life (11). Analysis of the magnitude of the trend per 1,000 g increase in birth weight has only been

reported in one previous study (15) that followed a cohort of 3,447 women of whom 177 women

developed breast cancer. Hilakivi-Clarke and colleagues found a linear increased risk of breast

cancer with birth weight with a hazard ratio of 22% pr 1,000 g (95% C1 -10% to 65%). Three other

studies have likewise reported a significant trend (11;12;25), but did not calculate the magnitude of

the trend.
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Table 1. Previous studies on the association between birth weight and breast cancer.

Author Size Findings

Case-control studies

Ekbom, 1992 (19) 458 cases & 1,197 controls Non-significant trend

Ekbom, 1997 (18) 1,068 cases & 2,727 controls No trend

Hubinette, 2001 (24) 87 same sex twin pairs Non-sign. association with high birth weight

Innes, 2000 (10) 481 cases & 2,861 controls OR 3.3 for >4,500 g vs. 2,500-2,999 g

Kaijser, 2001 (13) 90 cases & 90 controls Twin study

Le Marchand, 1988 (21) 74 cases & 245 controls No trend

Michels, 1996 (11) 550 cases & 1,478 controls Significant positive trend
OR 0,6 for < 2,500 vs. >=4,000 g

Premenopausal women: Premenopausal women:
630 cases & 864 controls Non-sign trend. OR=1.7 for 4 kg vs. 2.5 kg

Sanderson, 1996 (14)
Postmenopausal women: Postmenopausal women:
212 cases & 330 controls No trend

Sanderson, 1998 (20) 448 cases & 399 controls No trend

Sanderson, 2002 (23) 288 cases & 350 controls No trend

Titus-Emstoff, 2002 (22) 1,716 cases & 1,886 controls No trend

Vatten, 2002 (12) 373 cases & 1,150 controls OR 1.4 for Q1 vs. Q4

Cohort studies

Andersson, 2001 (16) 62 cases in 1,080 women Non-significant trend

Hilakivi-Clarke, 2001 (15) 177 cases in 3,447 women Positive non-significant trend (Hazard
Ratio=l.22 pr. kg)

McCormack, 2003 (25) 63 cases in 5,358 women Significant trend

Stavola, 2000 (17) 37 cases in 2,221 women Non-significant trend
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The findings of an association between birth weight and breast cancer have led researchers to

hypothesize that birth weight could be a risk factor for other cancers as well, and especially for

hormone-related cancers. As for studies on breast cancer, these studies require large cohorts with a

long follow-up time and the number of studies exploring the association between birth weight and

other cancers is thus still limited to few cancer sites, primarily prostate and testicular cancer (Table

2 on page 11).

In a Swedish cohort study of women the authors found a linear association with cancer (16).

However, when analyzing non-hormonal and hormonal cancers separately, the authors only found a

significant trend for non-hormonal cancers. The study, although of a cohort design, was limited in

strength due to its size (262 cases). Ovarian cancer was studied by Barker and colleagues who did

not find an association with birth weight and mortality from ovarian cancer in a small UK cohort

(26). In one study of prostate cancer an association with birth weight was found (27), but bigger and

more recent studies have, however, reported only a non-significant association (28;29) or failed to

find associations at all (3 0;3 1). In contrast, studies on testicular cancer have consistently found both

high and low birth weight to be risk factors (32-38). As for studies on other cancers an increased

risk of renal cell cancer was observed among men with a birth weight greater than 3,500 g in a case-

control study by Bergstrom (39), whereas no association was found in women. The association

between birth weight and risk of colorectal cancer showed a nonlinear association in a case-control

study by Sandhu and colleagues (40) with children of both low and high birth weight being at

increased risk.
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Table 2. Previous studies on the association between birth weight and cancer other than breast cancer.

Author Cancer site Type* Size Findings

Akre , 1996 (33) Testis RE 232 cases V-shape association
904 controls

197 cases Association with low birth weight
201 controls Controls were men with other cancers

96 casesV-hpasoitn

Moller, 1997 (34) Testis RE 98 controls V-shape association

144 cases in No association. Mean follow-up 4.8Rasmussen, 2003 (37) Testis BI 37,4me yar
337,249 men years

Richiardi, 2002 (36) Testis BI 628 cases es..
2,309 controls V-hpasoitn

371 cases
Richiardi, 2003 (38) Testis BI 1,238 controls V-shape association

307 cases No association. Controls were not704 controls checked for survival past infancy

192 cases Two control groups.
Boland, 2003 (31) Prostate BI 19caeTwcotlgrus

374/384 controls No significant findings

Eko, 96 2) Prsat I 250 cases
Ekbom, 1996 (28) Prostate BI 691 controls No association with birth weight

834 cases

Ekbom, 2000 (29) Prostate BI 1,880 controls No association with birth weight

545 cases in No association with birth weightPlotz, 2003 (30) Prostate ' RE 21,140 men

Tibblin, 1995 (27) Prostate BI 21 cases in Association with high birth weight
366 men

Bergstrom, 2001 (39) Kidney 648 cases Association with high birth weight in
900 controls men but not in women

41 cases in No association between birth weight and
5,585 women mortality from ovarian cancer

Sandhu, 2002 (40) Colo-rectal RE 52 cases in 11857 V-shape association
men and women

262 cases in Significantly positive trend to overallAndersson, 2001 (16) Overall BI 100wmn cne
1,080 women cancer

* Type specifies whether analyses of birth weight were based on birth records (BI) from e.g. midwives or hospitals or

whether the birth weight was retrospectively reported (RE).
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2.3 GROWTH DURING SCHOOL YEARS AND RISK OF BREAST CANCER

Numerous studies have described an association between adult body build and breast cancer risk.

A recent extensive review by Gunnell and colleagues has concluded that consistent evidence

supports the hypothesis that tall women are at increased risk of both pre- and postmenopausal breast

cancer (41). The exact magnitude of the association is somewhat difficult to calculate since many

different cut-off points have been used (41). However the biggest study so far, a cohort study of

570,000 Norwegian women, found an increase in relative risk of breast cancer between 1.28 and

1.42 per 15 cm increase in height for pre- and post-menopausal women respectively (42).

Adult obesity has furthermore been shown to have an association with breast cancer. The effect

of obesity is, however, opposite in pre-menopausal and post-menopausal breast cancer. Thus

obesity is associated with a reduced risk of pre-menopausal breast cancer, but with an increased risk

for post-menopausal breast cancer (43).

Adult height, and to some extent obesity, is determined by prepubescent and pubescent growth

(44), and it is therefore highly relevant to focus on growth patterns during puberty in an attempt to

better understand the association between body size and breast cancer.

The extent to which the associations with adult anthropometrical measures can be traced back to

growth patterns in childhood and adolescence is still not fully understood. Epidemiological studies

in this field have been constrained by the availability of sufficiently large and old cohorts with data

gathered prospectively. It has been especially difficult to find cohorts consisting of women with

repeated measurements of weight and/or height during puberty.

To our knowledge, only four studies published so far have explored the association between

pubertal growth measurements and breast cancer risk in cohorts where actual measurements of

weight and height were obtained (15;17;45;46). Two of these studies were case-control studies, and

the largest is a study by Le Marchand and colleagues with 580 cases and 2,528 controls (46). The

authors had access to actual measurements of height of women aged 24 years or younger, however,

only one measurement per women, which meant that they had 154 or less cancers in every separate

5-year age group presented. They found a negative association between adolescent body mass and

premenopausal breast cancer, but the analyses only reached statistical significance in girls aged 10-

14 years. Analyses of height indicated an increased risk for the tallest girls in all age groups, but

statistical significance was not reached. The results of the study were not modified by adjustment

for age at first birth, parity or socioeconomic indicators.
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In a study by Herrinton and Husson, the authors had access to repeated measurements for every

individual (214 cases and 214 controls). However, due to the size of the cohort (less than 150 cases

with measurements in each 3-year age-group) their study had limited statistical power. They found

that in the age-group 15-18 years, tall-for-age was a risk factor for breast cancer (45). In a cohort

study by Stavola and colleagues (37 cases in a cohort of 2,221 women) the authors had access to

repeated measurements of weight and height throughout childhood and adult life (17). They,

however, only used the measurements for age 7 in their analyses and no univariate analyses of

height were reported. In another cohort study (177 cases among 3,447 women), Hilakivi-Clarke and

colleagues found that at each age, from 7 to 15 years, the girls who later developed breast cancer

were taller and had lower body mass than the other girls (15).

The above studies are supported by studies where the anthropometrical variables were obtained

retrospectively (23;47-54). Thus most (47-5 1) but not all (52;53) of these studies have an inverse

association between BMI and breast cancer in the pubertal period. A positive association with

height in the pubertal period was likewise found in most (47-50) but not all studies (23;54).

In summary, studies have suggested that prenatal growth may be of importance to risk of cancer.

However, further characterization of this association is warranted. For instance, it is not known

whether high birth weight confers an increased risk of all or only certain types of cancers. Similarly

it is not known whether the proposed association between adult anthropometrical measures and risk

of cancer can be traced back to early life growth patterns. For breast cancer it seems pertinent to

access the independent contributions to risk from growth in-utero, in childhood and during

adolescence.
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3 STUDY OBJECTIVES

3.1 AIM

The aim of the present PhD thesis was to characterize the association between anthropometrical

markers of growth and cancer. The thesis addresses the significance of birth weight for all cancers,

whereas the significance of growth during school years is addressed specifically for breast cancer.

Here the aim was to study whether the well-known association between adult stature and risk of

breast cancer could be explained by particular events during childhood and adolescence.

3.2 HYPOTHESES

"* High birth weight is associated with increased risk of breast cancer

"* The possible association between high birth weight and increased risk of breast cancer is a

generalized phenomenon for cancer at all sites

"* Growth during school years modifies breast cancer risk
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4 DATA SOURCES

4.1 THE DANISH CIVIL REGISTRATION SYSTEM

A nationwide civil register system (CRS) was established on 1 April 1968 and all residents and

newborns in Denmark have since been given a unique 10-digit person identification number (the

CRS number). The CRS number is stored along with information on name, place of birth, and

parental identity on all Danish residents. It is updated daily with respect to vital and migration

status. All national registries in Denmark recording individual information use the CRS number,

which thus serves as a unique key for linkage studies.

In the Department of Epidemiology Research, information from the CRS has previously been

used to generate a population-based relational database, the Birth Order Study database (BOS),

containing information on all men and women born during the period 1 January 1935 to 31

December 1998, who have been assigned a CRS number (55). This database contains close to

complete information on sibships of children, parity of women and links between family members.

The completeness of the linkage between mother and child in the BOS database was estimated to

97.3% for children born before 1968, and close to 100% for children born hereafter (56).

4.2 SCHOOL HEALTH RECORDS

The study cohort is based on a population of 161,063 girls and 164,155 boys born between 1930

and 1975 who attended school in the municipality of Copenhagen, Denmark. In this period school

health records maintained by nurses or physicians in the school health services were kept for all

pupils. The records contain information on annual measurements of weight and height as well as

information on age at menarche and birth weight. To a varying degree the records furthermore

contain information on childhood infections, vaccinations and general health in pre-school years

with annual updates throughout school years. The records had pre-printed fields to be answered by

the people working in the health service; however, the exact fields on the records have changed

slightly over the years. To begin with the schools in the City of Copenhagen had their own type of

records, but in 1949 a law was passed standardizing the records countrywide.
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4.3 THE DANISH CANCER REGISTRY

The Danish Cancer Registry (DCR) was established in 1942 and is considered close to complete

with respect to cases of malignant diseases diagnosed in Denmark since 1943 (57;58). Notifications

to the registry are forwarded from hospital departments countrywide including departments of

histopathology and departments of forensic medicine, and only a small proportion of cases (1-2%)

are based on death certificate information alone (1). Until 1978 all cancers were coded according to

7th International Classification of Diseases (ICD-7), but thereafter according to the International

Classification of Diseases for Oncology (ICD-O). To maintain comparability throughout the DCR's

history, cancers coded according to ICD-O have also been coded according to ICD-7.

4.4 THE DANISH BREAST CANCER COOPERATIVE GROUPS REGISTRY

The Danish Breast Cancer Cooperative Group (DBCG) was established in 1976 by The Danish

Surgical Society with the purpose of standardizing and evaluating the treatment of breast cancer in

Denmark (59). A clinical database was formed, which contains information submitted from all

Danish departments of surgery, histopathology, radiotherapy and medical oncology involved in the

treatment of breast cancer. In studies on breast cancer information from the DBCG database

supplements the DCR, as it contains more detailed information on tumor size and histology, i.e.

estrogen receptor status, nodal status, and treatment. The database is updated daily.
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5 METHODS

5.1 THE STUDY COHORT

Information on the school health records regarding name, day of birth, birth weight and annual

measurements of weight and height was computerized and linked to the CRS matching on birth date

and name at The Institute of Preventive Medicine. The CRS numbers for 141,393 girls (88%) and

145,140 boys (88%) were identified, and these children thus comprised our main study cohort

(Table 3, page 19). The lack of identification of the remaining 12% is partly due to death,

emigration, and change of surname at the time of marriage, before 1 April 1968.

Table 3. CRS numbers identified for children in the school health records according to birth year.

Men (N=164,155) Women (N=161,063)

Known Unknown Known Unknown
CRS number CRS number (%) CRS number CRS number (%)

1930-1934 14,776 3,952 (21.10) 14,527 3,729 (20.43)

1935-1939 19,451 4,332 (18.21) 18,858 4,418 (18.98)

1940-1944 23,009 4,364 (15.94) 22,631 4,338 (16.09)

1945-1949 23,173 3,222 (12.21) 22,755 3,302 (12.67)

1950-1954 16,943 1,572 (8.49) 16,635 1,846 (9.99)

1955-1959 14,195 712 (4.78) 13,611 953 (6.54)

1960-1964 11,736 346 (2.86) 11,287 582 (4.90)

1965-1969 10,674 171 (1.58) 10,320 219 (2.08)

1970-1975 10,984 344 (3.04) 10,771 195 (1.78)

All 145,140 19,015 (11,60) 141,393 19,582 (12,16)
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5.2 EXPOSURE VARIABLES

5.2.1 Birth weight

Typically either or both parents accompanied their child to the first visit at the school health

services, at which they reported the child's birth weight. Before 1941 most schools used health

records without a preprinted space for information on birth weight, but information on birth weight

was still found in most records in the birth cohorts 1935-39 (Table 4, page 20). In our study

population of children with a CRS number, information on birth weight was available for 106,504

girls (75%) and 110,825 boys (76%).

Table 4. Distribution of birth weights among children with known CRS number according to birth
cohort.

Men (N=145,140) Women (N=141,393)

Known Unknown Known Unknownbirth weight birth weight (%) birth weight birth weight (%)

1930-1934 1 14,775 (99.99) 296 14,231 (97.96)

1935-1939 11,282 8,169 (42.00) 10,388 8,470 (44.91)

1940-1944 20,403 2,606 (11.33) 19,869 2,762 (12.20)

1945-1949 21,377 1,796 (7.75) 20,867 1,888 (8.30)

1950-1954 15,489 1,454 (8.58) 14,328 2,307 (13.87)

1955-1959 12,835 1,360 (9.58) 12,276 1,335 (9.81)

1960-1964 10,541 1,195 (10.18) 10,157 1,130 (10.01)

1965-1969 9,407 1,267 (11.87) 9,184 1,136 (11.01)

1970-1975 9,328 1,656 (15.08) 9,140 1,631 (15.14)

All 110,825 34,315 (23.65) 106,504 34,889 (24,68)
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5.2.2 Height and weight

Information on annual measurements of weight and height was used for women in Study IX.

Unlike for birth weight the school health records had preprinted space for measurements of weight

and height on all editions. The number of height/weight measurements in the cohort totals

2,448,172 - an average of 7.5 measurements per child. Only children born from 1970 to 1975 have

fewer than 7 measurements on average. The children in the cohort are between 5 and 17 years of

age when measured, however only few children have measurements from their 5th year, and the

number of measurements from 6-year-olds equals 37% of the number of measurements from 7-

year-olds. Ninety-four percent of all measurements are on children between the age of 7 and 15

years of age, and 87% of all children have between 6 and 12 measurements.

Measurements of weight and height were not done according to individual birth dates. We

therefore calculated weight and height at ages 8, 10, 12 and 14 by linear interpolation of the last

measurements before the birthday and the first measurement after the birthday. Weight and height

at ages 8, 10, 12 and 14 years were estimated by linear interpolation of the last measurements

before the birthday and first measurement after the birthday. If no measurements after the 14th

birthday existed but the levels at ages 8, 10 and 12 were known, the level at age 14 was predicted by

best subset regression performed in STATA (60). BMI at ages 8, 10, 12 and 14 was calculated as

weight (kilo) divided by squared height (meter) at the respective ages. Table 5 page 22 presents the

distribution of weight, height and BMI in the cohort.

5.23 Age at peak growth

Due to the nature of the dataset with repeated measurements of height over time, we were able to

estimate age at peak growth. Age at peak growth was defined as the age in the middle of the two

measurements where the maximum growth rate in height was observed. The growth rate between

two measurements was estimated as a weighted average of change in height between the two

measurements (weight: /2) and the change in the two adjacent intervals (weight: ¼/4). With only one

adjacent interval the weights were % and V3, respectively. If the growth rate peaked two or more

times the latest was chosen as a maximum. Age at peak growth was estimated in women with 5 or

more measurements (129,303 women) and where the maximum growth rate was estimated to be 3.5

cm per year or higher (Table 5, page 22).
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5.2.4 Age at menarche

The school health records did not have a preprinted space for registration of menarche before

1950, and this information is thus sparse for earlier birth cohorts. However, from 1940 this

information was begun to appear regularly in the records. Information on age at menarche was not

originally computerized along with information on birth weight and measurements of height and

weight. We therefore chose to retrieve the school health records in a nested case-cohort design to

look for information on age at menarche. At the Department of Epidemiology Research we

manually retrieved and computerized information on menarche on all 2,005 women born from 1940

to 1970 who later developed breast cancer and 2,200, 1,650, 550, 550, 200, 200 and 200 randomly

chosen women from the birth cohort strata 1940-44, 1945-49, 1950-54, 1955-59, 1960-1964, 1965-

69 and 1970+ respectively (Table 5, page 22).

Table 5. Distribution of growth variables in the cohort.

Variable N Median Std. dev.

Height

Age 8 129,205 126.7 5.5

Age 10 131,457 137.2 6.2

Age 12 129,745 149.0 7.3

Age 14 126,818 159.4 6.5

Weight

Age 8 129,204 25.5 3.7

Age 10 131,465 31.6 5.2

Age 12 129,745 39.8 7.2

Age 14 126,818 49.5 7.8

BMI

Age 8 129,202 15.8 1.5

Age 10 131,456 16.7 1.9

Age 12 129,742 17.8 2.2

Age 14 126,811 19.4 2.4

Indicators of puberty

Age at peak growth 129,229 12.0 1.3

Age at menarche 3,778 13.1 1.0
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5.3 OUTCOME VARIABLES

All persons in the main study cohort were linked to the Danish Cancer Registry (DCR) on the

basis of the CRS-number in order to identify incident cases of cancer. In all three studies a

diagnosis of cancer was identified on the basis of the ICD-7 coding. We used the DBCG database as

an additional source of information for two reasons. Firstly, as previously noted it supplements the

DCR with tumor characteristics. Secondly, at the time of linkage the DCR was only complete until

31 December 1997 whereas the DBCG database was complete until 31 August 2001.

5.4 STATISTICAL METHODS

5.4.1 Study I- "Birth weight and risk of breast cancer"

The association between birth weight and incidence of breast cancer was estimated in a cohort

design using log-linear Poisson regression. Follow-up for breast cancer began 1 April 1968, or the

date of birth, whichever came last, and continued until a diagnosis of cancer, death, emigration, or

31 August 2000, whichever came first.

Adjustment was made for age (quadratic splines with knots: 35, 40, 45, 50, 55 and 60 years) and

calendar period in 5-year intervals (61). In additional analyses, adjustments were made for age at

first birth (nulliparous, 12-19, 20-24, 25-29, 30-34, 35+ years) and parity (0, 1, 2, 3, 4+ children).

The relative risk (rate ratio) increase per 1,000 g increase in birth weight was estimated by

treating birth weight categorized in intervals of 100 g as a continuous variable. The numerical value

assigned to a given category was chosen as the median of the distribution of birth weight within the

category. The log-linear assumptions underlying the trend estimation of birth weight were checked

in two ways. Firstly, by a likelihood ratio test comparing the models with birth weight treated as a

continuous and a categorical variable, respectively. Secondly, we evaluated the effect of including a

quadratic term in the trend analysis.

Estimation of the increase in breast cancer risk according to tumor diameter (< 2 cm; 2-5 cm; >

5 cm; missing or diagnosed before 1977), nodal status (negative; positive; missing or diagnosed

before 1977) and estrogen receptor status (negative; positive; missing or diagnosed before 1977) by

1,000 g increase in birth weight was performed as a competing risks analysis, i.e. with censoring as

above but counting only the selected case category as cases.
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Poisson regression was used instead of Cox regression because of the computational efficiency

in large datasets when analyzing time-dependent variables such as parity and age at first birth. All

analyses were carried out using the SAS statistical software release 8.02 (specifically the PROC

GENMOD procedure) (62).

5.4.2 Study II- "Birth weight and risk of cancer"

The association between birth weight and cancer was estimated in a cohort design using log-

linear Poisson regression. Follow-up for cancer began 1 April 1968 or at age 6 years, whichever

came last, and continued until a diagnosis of cancer, death, emigration, or 31 December 1997,

whichever came first. In additional analyses, adjustments were made for age at first birth

(nulliparous, 12-19, 20-24, 25-29, 30-34, 35+ years) and parity (0, 1, 2, 3, 4+ children).

The association between birth weight and cancer risk was analyzed in two different models. A

linear spline model with 3,500 g as knot was estimated in order to investigate the association in low

and high birth weights. If these two trend estimates could be considered equal (based on a

likelihood ratio test) an overall trend was estimated. The relative risk (rate ratio) increase per 1,000

g increase in birth weight was estimated by treating birth weight categorized in intervals (501-2,499

g, 2,500-2,999 g, 3,000-3,499 g, 3,500-3,999 g, 4,000-4,499 g, 4,500-5,999 g) as a continuous

variable. The numerical value assigned to a given category was chosen as the median of the

distribution of birth weight within the category.

Trends for different sites were compared using inverse-variance weighted regression using

PROC GENMOD in SAS and based on the site-specific trend estimates and standard error. This

approach was used instead of a competing risks approach (63), as the dataset became too large even

with Poisson regression due to the many competing risks and the refined adjustment for age and

calendar period. The main difference between the two is that in the first approach patients with two

different cancers are included twice compared to once in the latter approach. The trends for

different sites were furthermore compared using inverse-variance weighted regression with a

common fixed effect and a random site effect with PROC MIXED in SAS. There was no indication

of a random site effect.

24



5.4.3 Study III- "Growth Patterns and the Risk of Breast Cancer in Women"

The main analyses were performed in a cohort of 117,415 women for whom information was

known on weight and height at ages 8, 10, 12 and 14 years as well as age at peak growth. The

association with breast cancer was estimated in a cohort design using log-linear Poisson regression

(PROC GENMOD procedure in SAS v. 8.02 statistical software) (11).

Follow-up for breast cancer began at age 14 years or on 1 April 1968, whichever came last, and

continued until a diagnosis of cancer, death, emigration, or 31 August 2001, whichever came first.

Adjustment was made for age (quadratic splines with knots: 35, 40, 45, 50, 55 and 60 years) and

calendar period in 5-year intervals (12). In additional analyses, adjustments were made for age at

first birth (nulliparous, 12-19, 20-24, 25-29, 30-34, 35+ years) and parity (0, 1, 2, 3, 4+ children).

Trends were estimated by treating the categorized variables as continuous variables. The

numerical value assigned to a given category was chosen as the median of the distribution of the

variable within the category. The log-linear assumptions underlying the trend estimation of the

variable were checked by a likelihood ratio test comparing the models with the variable treated as a

continuous and a categorical variable, respectively.

Analyses involving age at menarche from the nested case-cohort design were performed using

Cox regression with age as the underlying time variable and with birth cohort as strata variable. The

Cox regression analyses (with robust estimation of variance to avoid overestimation of the precision

due to the design-induced over sampling of cases) were performed using the STCOX procedure in

STATA v. 8 statistical software (60). Follow-up and covariates were as in the Poisson regression,

however, as birth cohort had to be included by design it was viewed as a substitute for calendar

period. To validate this substitution we repeated some of the Poisson regressions with birth cohort

instead of calendar period and obtained very similar results.
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6 RESULTS

6.1 STUD YI- "BIRTH WEIGHTAND RISK OF BREAST CANCER"

A total of 2,334 cases of primary breast cancer were diagnosed in this cohort during 3,255,549

person-years of follow-up. Of these, 922 (40%) were diagnosed with breast cancer at the age of 50

years or older. Women with recorded birth weights greater than or equal to 6,000 g or less than or

equal to 500 g were excluded from the analyses due to a high risk of misclassification in these

extreme groups (N=344).

We found a linear association between birth weight and breast cancer equivalent to a RR=l.09

(95% CI 1.02 to 1.17%) per 1,000 g increase in birth weight (Figure 1, page 28).

The risk increase by birth weight did not vary with age (Table 6, page 28). Analysis of the linear

trend according to year of birth and period likewise showed no variation. Estimating the increase in

risk of breast cancer according to tumor characteristics at diagnosis by 1,000 g increase in birth

weight revealed no systematic differences. Furthermore no confounding effect was found when

adjusting for parity and age at first birth.

For some of the identified women information on birth weight was missing. Their breast cancer

risk did not vary significantly from women with known birth weight, RRunknown vs known=0-9 4 (95%

CI, 0.86 to 1.03). The estimation was based on the assumption that the association between birth

weight and breast cancer can be described by a trend. Goodness-of-fit tests gave no indication that

this assumption was inadequate.
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Figure 1. Relative risk of breast cancer according to birth weight.
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Table 6. Breast cancer risk per 1,000 g increase in birth weight according to age.

Age (years) Cases RRper 1,ooo g (95% CI)

0-39 375 1.07 (0.90 - 1.28)

40-44 453 1.08 (0.92 - 1.26)

45-49 584 1.20 (1.04 - 1.38) Pdiff 0. 3 0*

50-54 502 1.08 (0.92 -1.25)

55-59 325 1.09 (0.91 - 1.31)

60+ 95 0.77 (0.56 - 1.07)

Overall 2,334 1.09 (1.02- 1.17)

* Test for difference, i.e. test for interaction between age and birth weight trend. Similar analysis but with binary
age groups (< 50 years and _ 50 years) revealed no difference in trend according to age, p = 0.29
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6.2 STUD YIH- "BIRTH WEIGHT RISK OFAND CANCER"

A total of 106,504 women and 110,825 men had recorded birth weights. Persons with recorded

birth weights greater than or equal to 6,000 g or less than or equal to 500 g were excluded from the

analyses due to a high risk of misclassification in these extreme groups (Nwomen= 3 44 and

Nmen= 36 9). A total of 7,529 cases of primary invasive cancer were diagnosed in the remaining

cohort during 5,858,074 person-years of follow-up.

Table 7 on page 30 presents the association between birth weight and incidence of site-specific

cancer (adjusted for age and calendar period). Trends were calculated for children with birth

weights < 3,500 g (LBW), children with birth weights >3,500 g (HBW) and for all children.

V-shaped associations were observed for prostate, testicular, and bladder cancers and for

multiple myeloma and non-Hodgkin's lymphoma, and inverse V-shaped associations were observed

for Hodgkin's lymphoma, and cancers of the kidney and the larynx. If the trends for LBW and

HBW children were significantly different no common trend was calculated. This was the case for

prostate and testicular cancer and for Hodgkin's lymphoma. When analyzing difference in trends

for all cancers (excluding only testis cancer, prostate cancer and Hodgkin's lymphoma) we found

that the site-specific trends were not significantly different (p=0.59) from each other. Analyses of

all cancers combined (excluding testis cancer, prostate cancer and Hodgkin's lymphoma) showed a

significantly positive association between birth weight and cancer equivalent to a RR=1.10 (95% CI

1.05 to 1.15%) per 1,000 g increase in birth weight (Figure 2, page 31).

Analyses according to attained age showed a similar trend with birth weight (p=0.91) for age

under 50 years (RRage<50=l.10; 95% CI 1.04 to 1.17) when compared to age 50 years or older

(RRage>50=5l. 10; 95% CI 1.01 to 1.19). Analyses according to sex also showed a similar trend with

birth weight (p=0.45) for men (RRmen=1.13; 95% CI 1.04 to 1.22) and women (RRwomen=l.09; 95%

CI 1.03 to 1.15). Parity and age at first birth were known for women born in 1935 and later. No

confounding effect was found when adjusting for these factors.

The above findings were consistent when cancers were analyzed according to hormonal etiology

(Figure 3, page 32). Thus for male cancers of hormonal etiology (prostate and testicular cancer)

different trends in LBW and HBW children was found (RRLBW=0.63 (95% CI: 0.49-0.80) and

RRmnw=l.29 (95% CI: 0.89-1.88). For all other cancers in males a common trend of R=1.12 (95%

CI: 1.02-1.21) could be estimated. In women, no difference was seen between cancers with a

hormonal etiology (breast, cervical, uterine and ovarian cancers) and other cancers (RRwomen

hormonalfl. 0 8 (95% CI: 0.99-1.17) and RRwomenaUl other =1.09 (95% CI: 1.01-1.18)).
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Table 7. Birth weight and relative risk of cancer. Adjusted for age and calendar period.

Cancer site N RR pr. kg (95% CI) RR pr. kg (95% CI) RR pr. kg (95% CI)
(Birth weight < 3,500 g) (Birth weight > 3,500 g) (All birth weights)

Men, specific sites

Prostate 56 0.56 (0.27-1.18) 2.76 (1.10-6.97)

Testis 443 0.64 (0.50-0.83) 1.16 (0.76-1.75)

Women, specific sites

Breast 1,842 1.15 (1.00-1.33) 1.02 (0.83-1.26) 1.10 (1.01-1.21)

Cervix 515 1.07 (0.83-1.39) 1.00 (0.66-1.52) 1.05 (0.89-1.24)

Ovary 276 0.97 (0.69-1.36) 0.93 (0.52-1.67) 0.96 (0.76-1.20)

Uterus 143 0.95 (0.59-1.53) 1.13 (0.54-2.37) 1.01 (0.73-1.38)

Men and women, specific sites

Bladder 269 0.85 (0.59-1.23) 1.68 (1.08-2.63) 1.14 (0.90-1.44)

Brain 473 1.16 (0.87-1.54) 1.15 (0.97-1.38) 1.15 (0.97-1.38)

Colon and rectum 520 1.03 (0.79-1.34) 0.95 (0,65-1.38) 1.00 (0.85-1.18)

Hodgkin's Lymphoma 141 1.52 (0.89-2.61) 0.27 (0.09-0.79)

Kidney 175 1.69 (0.99-2.89) 0.86 (0.46-1.63) 1.26 (0.94-1.68)

Larynx 95 2.14 (0.97-4.73) 0.85 (0.37-1.95) 1.37 (0.92-2.03)

Leukemia 219 1.16 (0.76-1.76) 0.98 (0.55-1.76) 1.09 (0.84-1.41)

Liver and gallbladder 83 0.94 (0.49-1.82) 1.31 (0.55-3.11) 1.08 (0.71-1.64)

Lung 658 1.18 (0.92-1.51) 1.36 (1.01-1.84) 1.26 (1.08-1.46)

Malignant melanoma 555 1.08 (0.84-1.41) 1.34 (0.95-1.90) 1.18 (1.00-1.39)

Multiple myeloma 51 0.87 (0.37-2.03) 2.09 (0.79-5.52) 1.29 (0.75-2.21)

Non Hodgkin's Lymphoma 291 0.89 (0.63-1.25) 1.55 (0.98-2.44) 1.16 (0.87-1.54)

Other cancers 578 0.85 (0.67-1.09) 1.36 (0.97-1.91) 1.02 (0.87-1.20)

Pancreas 120 1.36 (0.73-2.50) 1.03 (0.47-2.26) 1.21 (0.84-1.74)

Pharynx 115 0.62 (0.38-1.02) 0.95 (0.43-2.12) 0.72 (0.51-1.01)

Stomach and esophagus 201 1.23 (0.78-1.93) 0.88 (0.48-1.61) 1.07 (0.82-1.41)
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Figure 2. Relative risk of cancer at all sites (excluding prostate and testicular cancer as well as for

Hodgkin's lymphoma) according to birth weight. The numerical value assigned to a given category

was chosen as the median of the distribution of birth weight within the category. Adjustment was

made for age and calendar period.
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Figure 3. Birth weight and relative risk of cancer for hormonal and non-hormonal cancers in men

and women respectively. The numerical value assigned to a given category was chosen as the

median of the distribution of birth weight within the category. Adjustment was made for age and

calendar period.
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6.3 STUD YIII- "GROWTH PATTERNSAND THE RISK OF BREAST CANCER IN WOMEN"

In the cohort of 117,415 women 3,340 cases of breast cancer were observed during 3,333,359

person-years of follow-up. Relative risk of breast cancer according to birth weight, age at peak

growth, age at menarche, height at age 14 and BMI at age 14 are presented in Table 8 on page 34.

All variables in the table were adjusted for age and calendar period, except for age at menarche,

which for technical reasons was adjusted for birth cohort instead of calendar period. Analysis of

birth weight was performed on the 91,601 women for whom birth weight was known within the

cohort of 117,415 women. Birth weight was positively associated with breast cancer with a

RR=1.10 per 1,000 g increase in birth weight (95% CI: 1.01 to 1.20).

The estimated age at peak growth was negatively associated with breast cancer, with a RR=0.93

per 1-year increase in age at peak growth (95% CI: 0.91 to 0.96). Age at menarche was likewise

negatively associated with breast cancer, with a RR=0.96 (95% CI: 0.92 to 1.00) per 1-year increase

in age at peak growth. Height at age 14 was positively associated with breast cancer with a

RR=I.1 1 per 5 cm increase in height (95% CI: 1.08 to 1.15). BMI at age 14 was negatively

associated with breast cancer with a RR=0.97 per BMI (95% CI: 0.96 to 0.98). No association was

found with weight at any age and breast cancer.

No confounding effect was found when adjusting the trends presented in Table 8 (page 34) for

parity and age at first birth.
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Table 8. Adjusted# relative risk (RR) of breast cancer according to birth weight, age at peak growth,

age at menarche, height at age 14 and BMI at age 14.

Cohort (N'=117.415) cases RR (95% CI)

birth weight* (median of quintiles)
2.5 kg 381 1 (ref)
3.0 kg 392 0.98 (0.85-1.13)
3.4 kg 668 1.06 (0.93-1.20)
3.6 kg 150 1.05 (0.87-1.27)
4.0 kg 483 1.17 (1.02-1.33)

trend pr. kg§ 2,074 1.10 (1.01-1.20)

age at peak growth (median of quintiles)
10.4 year 568 1 (ref)
11.3 year 727 1.04 (0.93-1.16)
12.0 year 703 0.94 (0.84-1.05)
12.8 year 657 0.86 (0.77-0.96)
13.5 year 685 0.84 (0.75-0.93)

trend pr. year§ 3,340 0.97 (0.96-0.98)

age at menarcheo (median of quintiles)
11.9 year 193 1 (ref)
12.6 year 201 1.03 (0.85-1.26)
13.2 year 209 1.09 (0.90-1.33)
13.7 year 183 0.94i(0.77-1.15)
14.4 year 164 0.83 (0.67-1.02)

trend pr. year5 950 0.96 (0.92-1.00)

height at age 14 (median of quintiles)
151.1 cik/ 733 1 (ref)
156.2 ckm 678 1.07 (0.96-1.19)
159.8 cgm 682 1.18 (1.06-1.31)
162.9 c/mi 600 1.15 (1.03-1.28)
167.6 cm 647 1.51 (1.36-1.68)

trend pr. 5c/m1 § 3,340 1.1 (1.0.8-1.15)

BMI at age 14 (median of quintiles)
16.7 kg/rn2  644 1 (ret)
18.1 kg/rn2  692 0.96 (0.86-1.07)
19.1 kg/rn2  736 1.02 (0.92-1.13)
20.3 kg/rn2  711 0.99 (0.89-1.10)
22.4 kg/rn2  557 0.84 (0.75-0.94)

trend pr. kg/M2§ 3,340 0.97 (0.96-0.98)

*Birth weight was only known for 91,601 of the 117,415 women.

n Based on a nested subcohort of 36 10 women with known age at menarche.

§ Adjustment for parity and age at first birth did not markedly change the trend estimates.
# All variables were adjusted for age and calendar period, except for age at menarche, which for technical

reasons was adjusted for birth cohort instead of calendar period as described in the methods section
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To further utilize the longitudinal nature of the data we investigated whether growth in any

specific age interval had a special impact on breast cancer risk by decomposing the association with

height at age 14 as associations with height at age 8 and increments in height between age 8 and age

14. We used the estimated age at peak growth to subdivide the age interval between 8 and 14 years

of age into the following individual categories: "age 8 until peak year", "peak year" and "peak year

until age 14" (Table 9, page 35).

Increase in height was significantly associated with breast cancer within all three age intervals

after adjustment for BMI at age 14, age at peak growth, age and calendar period. The relative risk

per increase in height was similar in all three age-intervals (p=0.33), whereas the relative risk was

significantly higher for changes in height between age 8 and age 14 compared to height at age 8

(p=0.01). We furthermore modeled BMI in age intervals as described above with height. BMI

adjusted for height at age 14, age at peak growth, age and calendar period was significantly

associated with breast cancer within all three age intervals. However, the increase in relative risk

per increase in BMI was similar in all three age intervals (p=0.77), and the increase in relative risk

was furthermore similar for changes in BMI between age 8 and age 14 compared to BMI at age 8

(p=0. 10).

Table 9. Adjusted relative risk (95% CI) of breast cancer according to pubertal growth.

AGE-8 AGE8TO PEAK YEAR PEAK YEAR AGE8TO
YEARS PEAK YEAR TO AGE 14 AGE 14

Height*pdiff=0.33Height*

trend pr. 5 cm 1.10 (1.06-1.15) 1.1 (1.08-1.27) 1.15 (0.97-1.36) 1.10 (1.00-1.20)

trend pr. 5 cm 1.11 (1.07-1.15) 1.17 (1.09-1.25) Pdiff=0. 0 1

pdirlý0,77

iBMI; -

trend pr. kg/rn 2  0.93 (0.90-0.97) 0.95 (0,91-0.99) 0.96 (0.90-1.02) 0.97 (0.93-1.02)

trend pr. kg/rn2  0.94 (0.91-0.97) 0.96 (0.93-0.99) pd~ff=0.10

* Adjusted for age, calendar period as well as age at peak growth and BMI at age 14.

# Adjusted for age, calendar period as well as age at peak growth and height at age 14.

Table 10 on page 36 presents mutually adjusted relative risks of breast cancer according to birth

weight, age at peak growth, age at menarche, height at age 8, height difference between age 8 and

age 14 and BMI at age 14. Birth weight, height at age 8, height increase between age 8 and age 14
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and BMI at age 14 remained after further adjustment independently associated with breast cancer

with trends similar to those presented in Table 8 and Table 9. Adjustment for age at menarche did

not affect these associations. The effect of age at peak growth was enhanced after adjustment for

other growth factors, primarily due to adjustment for height and BMI. Adjustment for age at

menarche did not affect the association between age at peak growth and breast cancer, whereas age

at menarche was not associated with breast cancer after adjustment for the pubertal growth factors.

Only age at peak growth had a significantly different association in women younger than 50 years

(RR=0.90 per year; 95% CI: 0.86 to 0.95 compared to women 50 years or older (RR=0.98 per year;

95% CI: 0.93 to 1.03) (p=0.03 ).

Table 10. Associations between growth variables and breast cancer.

ALL AGES AGE < 50.YEAR AGE >= 50 ts o ifeec

RR (95% CI) RR (95% CI) RR (95% CI)

birth weight* 1.10 (1.01-1.21) 1.14 (1.01-1.28) 1.05 (0.91-1.21) p=0.39
trend pr. kg

age at
peak growth' 0.94 (0.91-0.97) 0.90(0.86-0.95) 0.98 (0.93-1.03) p0.03
trend pr. year

age at
menarche* 0.99 (0.91-1.07) 0.98 (0.88-1.08) 1.01 (0.87-1.17) p=0. 74

trend pr. year

height age 1.11 (1.07-1.15) 1.11 (.l05-1.17) 1.11 (1.05-1.17) p=062
trend pr. 5 cm

height increase
age 8 to age 14' 1.17 (1.09-1.25) 1.15 (1.05-1.27) 1.18 (1.07-1.30) p=0.74
trend pr. 5 cm

BMI age 14~'
trn r gr 2 0.95 (0.93-0.97) 0.96 (0.94-0.99) 0.94 (0.92-0.97) p02

* Adjusted for age at peak growth, height at age 8, height increase age 8 to age 14 and BMI at age 14.
Further adjustment for age at menache did not markedly change the estimate.

# Adjusted for age at peak growth, height at age 8, height increase age 8 to age 14 and BMI at age 14.
Further adjustment for birth weight did not markedly change the estimate.

a Mutually adjusted. Further adjustment for birth weight and age at menache did not markedly change the estimate.
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7 CONCLUSIONS DRAWN FROM THE STUDIES

7.1 STUDYI- "BIRTH WEIGHTAND RISK OF BREAST CANCER"

"* A linear significant association between birth weight and incidence of breast cancer

equivalent to 9% increase in risk per'1,000 g increase in birth weight

"* The association did not vary with age at diagnosis, and no systematic differences were seen

according to tumor characteristics

"* No confounding effect by parity or age at first birth was seen

7.2 STUD Y H- "BIRTH WEIGHT AND RISK OF CANCER"

"* Most cancers were found to have a positive linear association with birth weight

"* Exceptions were testicular and prostate cancer that showed a V-shaped association and

Hodgkin's lymphoma that showed an inverse V-shaped association with birth weight

" The trends for the individual cancer sites (excluding the three exceptions) were not

statistically different from an overall trend of 10% increase in risk per 1,000 gram increase in

birth weight

" This trend was the same in men and women and in all age groups. No confounding effect

was found of age at first birth or parity in women

7.3 STUD Y III-- "GROWTH PATTERNS AND THE RISK OF BREAST CANCER IN WOMEN"

* High birth weight, early age at peak growth, high stature and low BMI at 14 years of age

were all found to be independent risk factors for breast cancer

* Both height achieved at age 8 years and increment in height during puberty (age 8-14 years)

were associated with breast cancer, however, the latter association was significantly stronger

* No confounding by age at menarche, age at first birth or parity was observed
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8 DISCUSSION OF METHODOLOGY

8.1 SELECTONS BIAS

The study cohort was based on all children born between 1930 and 1970 who attended school in

the City of Copenhagen, Denmark. Records from all schools, public as well as private, have been

kept. However, only children that could be identified in the CRS by match on birth date and name

were included in the analyses (88%). Lack of identification was partly due to death, emigration, and

change of surname at time of marriage, before 1 April 1968. This could thus have induced some

selection bias. The studies were fully registry-based, thus selection bias in relation to differential

willingness to participate is not relevant. Information on vital status throughout follow-up was

obtained from the Danish Civil Registration System, which is a mandatory and daily updated

system. Loss to follow-up is therefore virtually non-existing.

8.2 INFORMATION BIAS

8.2.1 Exposure misclassification

Birth weights were reported by the parents and recorded at an early age which limited potential

recall bias (64). All information on the school health records were furthermore recorded decades

prior to and independently of possible cancer diagnosis, making differential misclassification of

exposure unlikely.

A small proportion of children (0.3%), however, had recorded birth weights of less than 500 g or

more than 6,000 g. In analyses of birth weight, these children was excluded, as they were likely to

have been erroneous. Exclusion was chosen in preference to correction of all extreme values, as this

would have led to a regression towards the mean.

Time of menarche is by nature difficult to determine precisely. Still in contrast to many previous

studies the date of menarche was recorded in the following year in the present investigation,

reducing the likelihood of significant bias.

8.2.2 Detection bias

Cases in all three studies were ascertained in the Danish Cancer Registry, which is believed to be

virtually complete in relation to diagnosis of incident cancers in Denmark (57). As a supplement to

the Danish Cancer Registry the DBCG database was also used. The differences in registration

between the DBCG register and the Danish Cancer Registry have been described previously (65).

The authors concluded that the difference between the two data sources is almost entirely restricted
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to women older than 70 years at diagnosis. For women under 70 years of age at diagnosis the

completeness of case registration in the DBCG database is >95% compared with the Danish Cancer

Registry, which thus has little influence on the present studies due to the age distribution in the

cohort. Access to health care in Denmark has always been free and equal, which limits the risk of

socio-economically related detection bias.

8.3 CONFOUNDING

We were not able to adjust the analyses of the effect of birth on cancer risk for the effect of

gestational age. A study by Ekbom and colleagues has suggested that prematurity is associated with

an increased risk of breast cancer (66), but it has since been refuted in an enlarged study (67).

Gestational age, however, may not be important if it is the number of susceptible cells that accounts

for the observed associations.

Furthermore, we were unable to adjust for the effect of smoking. Smoking exhibits a parent-

offspring association, maternal smoking reduces birth weight, and smoking is a strong risk factor

for certain cancers (e.g. nasopharyngeal, stomach, liver, pancreas and kidney cancer). Thus, lack of

possibility to control for smoking limits the interpretation for these cancers. However, we note with

interest that the association between birth weight and smoking associated cancers was similar to that

found for cancers not associated with smoking, implying that control for smoking in the mother and

the offspring would expectedly strengthen the association.

Socio-economic status could potentially also have acted as a confounder in our analyses.

However, if the confounding effect was strong one should imagine that adjustment for age at first

birth and parity had an effect, which was not observed in our study.
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9 DISCUSSION OF FINDINGS

Denmark provides excellent opportunities for registry-based research, due to the long existence

of reliable and nationwide registers. Combining information from a number of these registries we

have aimed to characterize the association between anthropometrical markers of early exposures

and cancer in a series of investigations. Specifically, we addressed the significance of birth weight

for risk of all types of cancer, and for breast cancer we moreover conducted a detailed analysis of

the significance of growth during school years.

In Study I we documented a statistically significant linear association between birth weight and

risk of breast cancer. Thus, the risk of breast cancer increased by 9% per 1,000 g increase in birth

weight (Figure 1, page 28). This finding is in agreement with the currently prevailing hypothesis

that intrauterine factors contribute to the development of breast cancer in adulthood (3) and in line

with many previous studies, although some inconsistencies exist (10-25;68).

The size of Study I made it possible to perform estimations in many subgroups of breast cancer,

some of which have not been studied earlier. It has been suggested that the association with birth

weight is strongest for premenopausal women (10; 14). Interestingly, however, we found the

association to be equally strong for pre- and postmenopausal women (Table 6, page 28). The

association with birth weight according to tumor characteristics at the time of diagnoses has not

previously been investigated. We found no systematic differences in the association by tumor

characteristics. Together these findings suggest that the association between birth weight and breast

cancer risk is not restricted to certain types of breast tumors but rather applies to breast cancer in

general.

Consistent with this interpretation, adjustment for parity and age at first birth had no impact on

the association between birth weight and breast cancer risk. Parity and age at first birth reflect the

hormonal and cellular changes following pregnancies as well as maternal social status. Thus, based

on this result we found in line with others (25) no indication of confounding by social status,

although both birth weight and breast cancer have been associated with social factors (69).

The finding of high birth weight being a general risk factor for all types of breast cancers - not

only for e.g. estrogen receptor positive breast cancers - raises this question: Is birth weight

associated with risk of all cancers? To our knowledge, the only previous study addressing the

association between overall risk of cancer and birth weight was a Swedish cohort study of women.

In that investigation a linear association with overall incidence of cancer was found (16). However,
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the study was limited in size, and when cancers were analyzed in subgroups, the authors got

somewhat inconsistent results. Studies between birth weight and risk of ovarian, renal and colon

cancer have likewise been inconsistent (26;39;40).

In Study II we analyzed the association between birth weight and cancer at all sites using two

different statistical approaches. The first of these focused on trends in either the lower or the upper

end of the birth weight spectrum. This was done to assure that any V-shaped association was not

overlooked. In the second series of analyses, we studied whether there was an overall trend between

birth weight and risk of cancer.

We found that prostate and testicular cancer had a significant V-shaped association with birth

weight, whereas Hodgkin's lymphoma had a significant inverse V-shaped association to birth

weight (Table 7, page 30). Non-linear associations were found for some other cancers, but they

were not significantly departing from linearity, and we thus we assumed linear associations in the

estimation of a common trend. This common trend was found to fit a linear trend of a 10-percent

(95% CI from 5 percent to 15 percent) risk increase per 1,000 g increase in birth weight (Figure 2,

page 31). Interestingly, this trend was of similar magnitude as the trend observed for the two male

hormonal cancers (prostate and testis) in their category of high birth weight children.

In subsequent analyses we found that the overall trend in cancer risk was the same in all age

groups and in both sexes. This latter observation is important as is indicates that the trend in risk for

all cancers combined cannot be explained by breast cancer, the largest single group of cancers.

Adjustment for parity and age at first birth did not further change the results when analyzing

female-specific cancers separately.

High birth weight therefore seems to act as a common risk factor for most if not all cancers,

whereas low birth weight may be "protective" for all cancers with the possible exception of prostate

and testicular cancer. The observed V-shaped association between birth weight and prostate and

testicular cancer has been observed by others which adds credibility to the existence of a true non-

linear association with birth weight for these cancers (27;30-38;70).

To our knowledge no studies have examined the possible association between birth weight and

risk of Hodgkin's lymphoma, making our finding of a V-shaped association to birth weight more

uncertain. This finding could be real, but in our study it stands out as the only such significant

association in the entire group of cancers.

The experience from previous studies as well as Study II underlines the necessity of a very large

study material to address the effect of birth weight on cancer in general. While there seems to be a
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true association between birth weight and cancer risk, however, the magnitude of the association is

small. Even in our cohort of nearly 6 million person-years of follow-up and 7,529 cancer outcomes,

some cancers were still relatively rare, and findings would have been inconsistent if they were

reported by a single cancer site at a time. Clearly, previous inconsistencies in studies on birth

weight and cancer risk can to a large degree be explained by small sample sizes.

The possibility that in-utero growth has a uniform effect on risk of cancer at almost all sites is

intriguing. It could be explained by the existence of a common pathway, with the added

conditioning by one or more opposing factors influencing risk of male hormone-related cancers.

The common pathway could establish a "base cancer risk" on which other later risk factors would

have independent influence.

Several exposures have been shown to be associated with birth size, and particular attention has

been paid to estrogen, IGF-I and insulin levels in the mother during pregnancy (7-9;71). The focus

on particularly estrogens in the carcinogenesis has received much attention in breast cancer research

as the mammary gland is exposed to very high concentrations of estrogens in utero (4). However, as

birth weight seems to be important for almost all cancers, it is very likely that other still unknown

factors are critical to this association.

Furthermore, how does birth size modulate cancer risk? It has been suggested that breast cancer

risk increases with increasing numbers of relevant susceptible stem cells (3). Breast density (which

acts as a proxy for mammary gland mass) has been associated with breast cancer risk (72) and

kidney size in adults has also been associated with birth weight (73).

We believe that this model could be broadened to include most, if not all, types of cancer, and

that accordingly large babies could have an increased cancer risk due to persistently increased

number of susceptible cells. Specifically, the association between birth weight and cancer risk could

either reflect a simple correlation between birth weight and number of cells or reflect that factors

governing birth weight are also associated with an increased cancer risk, e.g. by initiating a

multistep carcinogenesis.

Such a hypothesis fits well with our findings from Study I1. Here we found a clear association

between high birth weight and risk of breast cancer, independently of the effect of subsequent

growth patterns. It is therefore reasonable to interpret the effect of fetal growth on breast cancer risk

as being a particular effect unrelated to later growth and timing of puberty. Thus the effect of birth

weight is not just a proxy for later growth.

Growth during childhood and adolescence is by nature correlated with final adult stature (44),

and it can be difficult to disentangle the contributions of the different components of growth to the
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risk of breast cancer. It is well-known that adult height is positively associated with both pre- and

post-menopausal breast cancer (41), whereas high BMI is associated with a reduced pre-

menopausal breast cancer, but with an increased risk of post-menopausal breast cancer (74).

As described in the Introduction only four previous studies have hitherto explored the

association between pubertal growth measurements and breast cancer risk in cohorts where actual

measurements of weight and height were obtained (15; 17;45;46).

In agreement with these studies we found BMI at ages 8, 10, 12 and 14 years to be inversely

associated with breast cancer risk (Table 8, 34). Using height at age 14 years, which serves as a

good proxy for adult height since most girls have concluded their growth spurt by this age, we also

confirmed an association between adult height and breast cancer risk (Table 8, 34). In fact, our

finding of an increment in the relative risk of 11% per 5 cm increase in height was similar to results

from a very large previous study on adult stature (42).

SThe nature of our dataset with repeated annual measurements allowed us to investigate whether

the importance of final height was modified by the growth pattern. We found that height at age 8

and the increment in height during puberty (8-14 years) were both independently associated with

breast cancer, but that the latter association was statistically significantly stronger, suggesting a

separate contribution from pubertal growth (Table 9, page 35). In contrast our andlyses of BMI did

not reveal any time-interval in which changes in BMI was of special importance in relation to breast

cancer risk.

Furthermore, we found a linear trend between decreasing age at peak growth as well as

decreasing age at menarche and risk of breast cancer, which was independent of the effect of other

anthropometrical measures (Table 10, page 36).

Adult height is only to some extent linked to ages at peak growth and menarche, and it is

possible that different factors control these variables. Early growth spurt has previously been

reported to be a risk factor in one (75) but not in another study (47). Age at peak growth and age at

menarche most likely reflect the initiation of puberty. Age at menarche was in a Norwegian study

found to increase breast cancer risk by 4% for each year of decrease in age at menarche (76). In our

study, age at menarche was also found to be associated with breast cancer, but only age at peak

growth contributed statistically significantly to breast cancer risk in the final multivariate model

(which included age at peak growth, age at menarche, BMI at age 14, height at age 8 and increment

in height between age 8 and age 14 years).
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Thus, previous findings of an effect of age at menarche on breast cancer risk could reflect that

age at menarche serves as a proxy for age at peak growth. Alternatively and perhaps more likely,

age at menarche and age at peak growth may be so closely correlated and be proxies for the

initiation of puberty that their effects on breast cancer risk in essence reflect the significance of

onset of puberty. If the reported age at menarche is less precise than the estimated age at peak

growth, this may explain why the latter factor over-rules the former. Another indication of the

importance of puberty was our finding that centimeters accumulated between age 8 and 14 years

conferred a higher risk of breast cancer than those accumulated up to age 8 years.

The biological background for our findings in relation to growth and breast cancer risk is clearly

complex. Since it is obvious that neither height nor leanness or early puberty per se causes cancer,

underlying mechanisms should be considered. Within the past century adult height and prevalence

of obesity have increased, and age at menarche has decreased (77;78), indicating that changes in

environmental conditions are of importance, probably operating in interaction with well known

genetic factors. The effect of height on risk of breast cancer has been suggested mediated through

IGF-I, as IGF-I is strongly correlated with height (79). Levels of IGF-I have furthermore been

found to be risk factors for breast cancer in some (80), although not all, studies (81).

The positive association between height and cancer risk could reflect the influence of calorie

intake during childhood (82;83). Similar findings have come from a study of the Boyd Orr cohort in

England. According to this study, persons with high energy intake in childhood had a higher

mortality from cancers (84). Animal studies confirm this finding, as rat experiments have shown

energy restriction early in life to result in a reduced risk of development of different types of cancer

(85).

Increased total number of menstrual cycles over a lifetime has been suggested as an explanation

as to why early puberty is associated with increased breast cancer risk (86). However, this may be

too simple an explanation. Thus, even an up to two-year delay in age of menarche would only result

in a very limited number of "lost" menstrual cycles compared with the total number of lifetime

cycles. Another explanation could be that early age of menarche increases the time interval until

first pregnancy. The breast undergoes significant transformation at first pregnancy with final

differentiation of the breast epithelium (2). Early menarche thus leaves the undifferentiated breast

cells exposed to possible carcinogenic stimuli for a longer period of a time (87;88).
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Our study was entirely registry-based, so we had no possibilities of directly testing biological

hypotheses. Our finding that high BMI is protective for breast cancer is somewhat contradictive to

studies showing that overweight in girls is associated with earlier menarche (89). This suggests that

the effect of childhood obesity on breast cancer is not caused by an induction of early menarche,

and consequently an acceleration of puberty as early menarche has an opposite effect of obesity.

Importantly, even though high pubertal BMI seems to offer protection towards breast cancer, our

results should not be interpreted in favor of early obesity as a way of reducing breast cancer risk, as

obesity correlates with all-cause-mortality when it persists into adulthood (90).

In conclusion, the results from Study I strengthen previous findings of an association between

birth weight and the risk of breast cancer. The study is furthermore the first to show that the effect

of birth weight is equally important in all histological subtypes of breast cancer.

In Study II we found a positive linear association with birth weight and cancer at most sites,

many of which had never previously been studied. Only prostate and testicular cancer revealed a

significant V-shaped association with birth weight, whereas Hodgkin's lymphoma had a significant

inverse V-shaped association to birth weight. Importantly, the association with birth weight for all

other cancer sites (except only prostate and testis cancer and Hodgkin's lymphoma) was found to be

uniform and to fit a linear trend similar to the trend found for breast cancer in Study L We therefore

hypothesize that the biological explanation behind the association between birth weight and cancer

at different sites should be sought in a common pathway, with some superimposed opposing

factor(s) influencing male hormonal cancer.

In Study III we found that high birth weight is an independent risk factor for breast cancer not

linked to the effects of growth patterns during adolescence or to final stature. Also early puberty as

indicated by early age at peak growth was found to independently increase the risk of breast cancer.

We found that tallness and leanness at any age during puberty was associated with an increased

breast cancer risk. However, there was an additional effect of growth during puberty. Compared

with known risk factors such as age at first birth and parity, the association with pubertal growth

was of greater magnitude and independent hereof, indicating that the exposures or conditioning

processes during this period of life are of particular importance in relation to adult breast cancer

risk.
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10 SUMMARY IN ENGLISH

Breast cancer is the most common cancer in Danish women, with more than 3,500 new cases

diagnosed every year. The associations between adult anthropometrical measures and breast cancer

are well established, but the extent to which these associations are reflections of specific growth

patterns of the fetus, in childhood and adolescence is not resolved.

The aim of the present PhD thesis was to characterize the association between anthropometrical

markers of growth and cancer. Based on three studies, the thesis addresses the significance of birth

weight for all cancers, whereas the significance of growth during school years is addressed

specifically for breast cancer.

The studies were based on a cohort of girls and boys born between 1930 and 1975. During this

period, all pupils in the Copenhagen municipality underwent regular health examinations in the

School Health Service, for which nurses or physicians filled in records. A manual register of school

health records covering this period has been kept representing a total of 161,063 girls and 164,155

boys. The records include information on annual measurements of weight and height as well as

information on age at menarche and birth weight as reported by the parents at the first school health

examination. Information from these school health records was computerized and linked to the

Danish Civil Registration System matching on birth date and name. Information on incident breast

cancer cases was obtained from the Danish Cancer Registry and the registry of the Danish Breast

Cancer Cooperative Group.

The longitudinal nature of the data offered a unique possibility to model individual growth

curves and calculate age at peak growth. For a sub-cohort of women information on age at

menarche was available. Information on birth characteristics, vital status, age at first childbirth,

parity, and possible diagnosis of breast cancer was obtained on all cohort members through linkages

to national registries.

The results from Study I strengthen previous findings of an association between birth weight and

the risk of breast cancer. The study is furthermore the first to show that the effect of birth weight is

equally important in all histological subtypes of breast cancer.
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In Study II we found that the association with birth weight is not specific for breast cancer, but

observed for cancer at all sites. Prostate and testicular cancer revealed a significant V-shaped

association with birth weight, whereas Hodgkin's lymphoma had a significant inverse V-shaped

association with birth weight. Importantly, the association with birth weight for all other cancer

sites was found to be uniform and to fit a linear trend similar to the trend found for breast cancer in

Study I. We therefore hypothesize that the biological explanation behind the association between

birth weight and cancer at different sites should be sought in a common pathway, with some

superimposed opposing factor(s) influencing male hormonal cancer.

In Study III we found that high birth weight is an independent risk factor for breast cancer not

linked to the effects of growth patterns during adolescence or to final stature. Also early puberty as

indicated by early age at peak growth was found to independently increase the risk of breast cancer.

We found that tallness and leanness at any age during puberty was associated with an increased

breast cancer risk. However, there was an additional effect of growth during puberty. Compared

with known risk factors such as age at first birth and parity, the association with pubertal growth

was of greater magnitude and independent hereof, indicating that the exposures or conditioning

processes during this period of life are of particular importance in relation to adult breast cancer

risk. The importance of final stature may thus be seen as a general effect with an additional effect of

the growth attained during puberty.
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11 DANSK RESUME

Brystkreft er den hyppigste kreftform blandt danske kvinder med flere end 3500 nye Arlige

tilfielde. Det er velkendt, at hoje kvinder har oget risiko for brystkreft, men vwgten har ligeledes

betydning for risikoen for brystkrwft. Shledes lar overvxgtige kvinder en oget risiko for brystkrwft

efter menopausen, men en mindsket risiko for brystkreft inden menopausen. Det er dog ikke swrligt

velbeskrevet, i hvilken udstrwkning disse sammenhwnge med hojde og vegt i voksenhrene afspejler

vekst i fosterlivet, barndommen og puberteten.

MAlet med denne ph.d.-afhandling har derfor vwret at karakterisere sammenhwngen mellem

vwekst og krwftudvikling nojere. Afhandlingen er bygger ph tre studier, der studerer betydningen af

fodselsvwgt (som udtryk for vaekst i fosterlivet) for udviklingen af alle krxftformer, og ydermere

betydningen af vwkst i borne- og ungdomshrene for udviklingen af brystkrwft.

Undersogelserne er baseret ph helbredsoplysningeme fra en unik samling af skolehelbredskort

fra 325.631 kobenhavnske skoleelever, fodt mellem 1930 og 1975. Disse helbredskort blev udfyldt

ved de almindelige hrlige besog hos skolelwgen og indeholder information om barnets navn, Arlige

hojde- og vegtmhlinger, fodselsvwgt, fodselsdato samt for pigemes vedkommende alder ved forste

menstruation. De Arlige mAlinger afhojde og vwgt giver os en enestdende mulighed for at beregne

individuelle vwkstkurver og alder ved vxkstspurt.

Ved hj~lp afbornenes fodselsdato og navn har vi fundet frem til CPR-nummeret ph de fleste af

bornene. Derfor har vi kunnet finde frem til hvilke born, der efterfolgende udviklede krwft, ved at

indhente oplysninger fra Cancerregisteret og den kliniske database hos "Danish Breast Cancer

Cooperative Group" ved hjalp af CPR-nummeret. Alder ved forste fodsel og antal bornefodsler for

pigerne bar vi ligeledes kunne beregne ved brug af oplysninger fra CPR-registeret.

Resultaterne i Studie I styrker tidligere undersogelsers fund af, at hoj fodselsvwgt er forbundet

med oget risiko for brystkrwft, mens en lav fodselsvagt er forbundet med lav risiko. Studiet er

ydermere det forste til at vise, at denne sammenhweng er den samme for alle typer afbrystkrwft,

uafhwngig af ostrogen-receptor status eller spredningsgrad ved diagnosetidspunktet.
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I Studie II fandt vi, at hoj fodselsvegt ikke kun er en risikofaktor for brystkreft, men for stort set

alle kreftformer, og at lav fodselsvegt er forbundet med lav risiko for de fleste kreftformer. De

eneste undtagelser var, at lav fodselsvegt ogsh var en risikofaktor for prostata- og testikelkreft,

mens hoj fodselsvegt var beskyttende mod Hodgkins lymfom. Sammenhengen mellem hoj

fodselsvegt og lav risiko for Hodgkins lymfom er ikke tidligere beskrevet og kan vwere et tilfweldigt

fund. Ydermere fandt vi, at sammenh~engen mellem fodselsvegt og risikoen for at udvikle alle

former for kreft (undtagen de fomrevnte tre undtagelser) var af samme storrelsesorden. Baseret ph

disse resultater frems~etter vi derfor en ny hypotese: Sammenhxengen mellem fodselsvegt og kraeft

skyldes en felles biologisk Arsag, men en eller flere yderligere faktorer har betydning for prostata-

og testikelkreft.

Resultaterne i Studie III styrker tidligere fund af, at hoje piger har en oget risiko for brystkreft.

Desuden kunne vi vise, at piger, der var tynde i skolehrene, havde en oget risiko for senere at fa

brystkreft, bide for og efter menopausen. Soerligt vigtigt var imidlertid fundet af, at hoj fodselsvegt

er en risikofaktor for brystkreft, uafhoengig af den senere vxkst i borne- og ungdomshrene og

uafhxengigt af den opnhede sluthojde. Samtidig viser vores resultater, at den hojde•wekst der sker i

puberteten er af swerlig betydning for senere brystkreftrisiko. Tidlig pubertet i sig selv, bestemt ved

alder ved vaekstspurt, var ogsh en uafhaengig risikofaktor for brystkreft. De fundne sammenhenge i

alle tre studier var uafhengige af alder ved forste fodsel og antal bomefodsler, begge kendte

risikofaktorer for brystkreft.
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The possible association between prenatal factors and on a yearly basis from school start until the child left school. Either
breast cancer has been discussed for more than a decade. or both parents accompanied their child to the first visit, at which
Birth weight has been used commonly as a proxy measure for they reported the child's birth weight. The complete records are
intrauterine growth. Whereas some previous studies have now kept at the Copenhagen City Archives and contain informa-
found support for an association between birth weight and tion on e.g. the child's name and date of birth, birth weight and the
breast cancer, others have been inconclusive or found no
association. We investigated the relationship between birth mother's name.
weight and risk of female breast cancer in a cohort of 106,504 The Danish Civil Registration System (CRS) was established 1
Danish women. Birth weights were obtained from school April 1968. All residents and newborns in Denmark have been
health records on girls born between 1930-1975. Informa- given a unique 10-digit person identification number (the CRS-
tion on breast cancer came from linking the cohort with the number). The CRS-number is stored along with information on
Danish Cancer Registry and the Danish Breast Cancer Co- name, place of birth, and parental identity on all Danish residents.
operative Groups Registry. A total of 2,334 cases of primary of bith rent idenity on allranish sidens.
breast cancer were diagnosed in the cohort during 3,255,549 It is updated daily with respect to vital and migration status. All
person-years of follow-up among women with birth weight other national registries in Denmark, which record individual
between 500-6,000 g. Of these, 922 (40%) were diagnosed information, are based on the CRS number, thus serving as a
with primary breast cancer at the age of 50 years or older. A unique key for linkage studies. Information from the CRS was
significant association between birth weight and breast can- used to generate a population-based relational database, the Birth
cer was found equivalent to an increase in risk of 9% per 1,000 Order Study database (BOS), containing information on all men
g increase in birth weight (95% CI 2-17). The increase was and women born during the period 1 January 1935 to 31 December
observed for all age groups, representing both pre- and post- 1998, who have been assigned a CRS-number. 2 1 This database
menopausal women, and irrespective of tumor characteris- contains close to complete information on sibships of children,
tics. Adjustment for age at first birth and parity did not
influence the results. Birth weight is positively associated parity of women and links between family members. The com-
with risk of breast cancer, indicating that prenatal factors are pleteness of the linkage between mother and child in BOS was
important in the etiology of breast cancer. estimated to 97.3% for children born before 1968, and complete
© 2003 Wiley-Liss, Inc. information for children born hereafter. 22

Key words: breast cancer; birth weight; oestrogen; prenatal factors; Information from the school health records was computerized
epidemiology; cohort and linked to the CRS matching on birth date and name. This

resulted in the identification of CRS-numbers for 141,481 girls
(88%). The lack of identification of the remaining 12% is partly

In 1990, Trichopoulos hypothesized that breast cancers may due to death (1%), emigration, and change of surname at the time
originate in utero.1 The idea is based on the assumption that of marriage, before 1 April 1968. Of the 141,468 girls with a
endogenous estrogens are important in the etiology of breast CRS-number 106,504 (75%) had information on birth weight.
cancer, and that the first exposure of the mammary gland to high
concentrations of estrogens (10-100 times the oestrogen levels Ascertainment of cases
achieved later in life) occurs in utero. 1 At this early stage, the Information on incident breast cancer cases was obtained from
mammary gland is largely undifferentiated and may be particularly the Danish Cancer Registry and from the Danish Breast Cancer
susceptible to influences that could increase the risk of cancer Cooperative Groups Registry. The Danish Cancer Registry was
through accelerated cell growth or by being more prone to exog- established in 1942 and is considered close to complete with
enous carcinogenic stimuli.i Studies have shown that birth weight respect to cases of malignant diseases diagnosed in Denmark since
is associated with oestrogen levels during pregnancy, which sug-
gests that birth weight is a useful proxy measure of intrauterine
oestrogen measure. 2- 4  Grant sponsor: Department of the US Army; Grant sponsor: Danish

Studies on the association between birth weight and risk of Cancer Society; Grant sponsor: Danish National Research Foundation;
breast cancer have, however, yielded somewhat conflicting results. Grant sponsor: Dagmar Marshall Foundation.
Overall, the available literature on birth weight is suggestive of an
intrauterine effect on later risk of breast cancer especially for The authors certify that they have not entered into any agreement that
premenopausal ages, but the evidence is in many cases based either could interfere with their access to the data on the research, nor upon their
on studies with small sample sizes or on data of recalled events ability to analyze the data independently, to prepare manuscripts, and to
that occurred many decades earlier.5-20  publish them.

We explore the relation between birth weight and risk of breast
cancer in a very large population-based cohort of women for *Correspondence to: Department of Epidemiology Research, Statens
whom birth weights were recorded early in life. Serum Institut, Artillerivej 5, DK-2300 Copenhagen S, Denmark.

Fax: +45-32-68-31-65. E-mail: mm'e@ssi.dk

MATERIAL AND METHODS
Study population Received 3 February 2003; Revised 2 July 2003; Accepted 4 July 2003

The study cohort consisted of 161,063 girls born between 1930-
1975 who attended school in Copenhagen, Denmark. In this period DOI 10.1002/ijc. 1481
school health records were kept for all pupils. The health records
were filled in by nurses or physicians in the school health services
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1943.23 The Danish Breast Cancer Cooperative Groups Registry TABLE I-NUMBER OF BREAST CANCER CASES AND
(DBCG) was established in late 1976 for the purpose of standard- PERSON YEARS OF FOLLOW-UP

izing and evaluating the treatment of breast cancer in Denmark. 24  
Cohort characteristics Cases (%) Person years / 1,000 (%)

In addition to information from the Danish Cancer Registry, (n = 2,334) (n = 3,256)
DBCG contains information on tumor size and histology, oestro- Age
gen receptor status, nodal status and subsequent treatment. 0-39 375 (16.1) 2,305.6 (70.8)

40-44 453 (19.4) 347.9 (10.7)
45-49 584(25.0) 281.2 (8.6)

STATISTICAL METHODS 50-54 502 (21.5) 199.0(6.1)
55-59 325 (13.9) 98.2 (3.0)

The association between birth weight and breast cancer risk was 60 + 95 (4.1) 23.6 (0.7)
estimated in a cohort design using log-linear Poisson regression. Calendar period
Follow-up for breast cancer began 1 April 1968, or the date of 1968-1979' 145 (6.2) 1,187.7 (36.5)
birth, which ever came last, and continued until a diagnosis of 1980-1989 624 (26.7) 1,022.8 (31.4)
cancer, death, emigration or 31 August 2000, whichever came first. 1990 + 1,565 (67.1) 1,045.1 (32.1)

Adjustment was made for age (quadratic splines with knots: 35, Birth cohort5 In 1930-1939 587 (25.2) 322.1 (9.9)40, 45, 50, 55 and 60) and calendar period in 5-year intervals.2 1940-1949 1,387 (59.4) 1,249.8 (38.4)
additional analyses, adjustments were made for age at first birth 1950-1959 325 (13.9) 83.3 (25.5)
(nulliparous, 12-19, 20-24, 25-29, 30-34, 35+) and parity 1960 + 35(1.5) 853.3 (26.2)
(0,1,2,3,4+). Birth weight

The relative risk (rate ratio) increase per 1,000 g increase in 501-1,499 g 5 (0.2) 13.5 (0.4)
birth weight was estimated by treating birth weight categorized in 1,500-2,499 g 125 (5.4) 191.6 (5.9)
intervals of 100 g as a continuous variable. The numerical value 2,500-2,999 g 305 (13.1) 522.6 (16.1)

3,000-3,499 g 846 (36.3) 1,207.5 (37.1)assigned to a given category was chosen as the median of the 3,500-3,999 g 717 (30.7) 938.5 (28.8)
distribution of birth weight within the category. The log-linear 4,000-4,499 g 248 (10.6) 298.0 (9.2)
assumptions underlying the trend estimation of birth weight were 4,500-5,999 g 88 (3.8) 83.8 (2.6)
checked in 2 ways. Firstly, by a likelihood ratio test comparing the
models with birth weight treated as a continuous and a categorical 'Follow-up began 1 April 1968.
variable, respectively. Second, by evaluating the effect of includ-
ing a quadratic term in the trend analysis.

Poisson regression was used instead of Cox regression because 2.0

of the computational efficiency in large datasets. Estimation using 1.9•
Cox regression with age as the underlying time variable gave 1.8

identical estimates of the main trend and the confidence interval. 1.7

Information on tumor characteristics was available from 1977. 1.6

Estimation of the increase in breast cancer risk according to tumor 1.5
diameter (<2 cm; 2-5 cm; '--5 cm; missing or diagnosed before 1.4-

1977), nodal status (negative; positive; missing or diagnosed be- '
fore 1977) and oestrogen receptor status (negative; positive; miss- "

ing or diagnosed before 1977) by 1,000 g increase in birth weight 1.2

was carried out as a competing risks analysis, i.e., with censoring 1.1
as above but counting only the selected case category as cases.

All analyses were carried out using the SAS statistical software 1.0
release 8.02 (specifically the PROC GENMOD procedure). 26

0.9

RESULTS 0.8 ,
2000 3000 4000 5000

A total of 2,340 cases of primary breast cancer were diagnosed Birth weight
in the cohort during 3,266,070 years of follow-up. Women with
recorded birth weights ->6,000 g or --500 g were excluded from FIGURE 1 - Adjusted relative risk of breast cancer in birth weight
the analyses due to a high risk of misclassification in these extreme intervals of 200 g compared to women with a birth weight between
groups. 3,000-3,199 g. Due to small numbers at the end of the distributions we

Number of breast cancer cases and person-years of follow-up by have grouped the birth weights into the following categories: <2,000
age, calendar period, birth cohort and birth weight category for g, 2,000-2,399 g, 2,400-2,599 g, 2,600-2,799 g, 2,800-2,999 g ... ,
women remaining in the analysis are shown in Table I. A total of 4,600-4,799 g, ->4,800 g. The numerical value assigned to a given

category was chosen as the median of the distribution of birth weight2,334 cases of primary breast cancer were diagnosed in the re- within the category. Adjustment was made for age and calendar
stricted cohort during 3,255,549 years of follow-up and of these, period.
922 (40%) were diagnosed with primary breast cancer at the age of
50 years or older.

In our main analysis we found a significant positive association trend according to year of birth and period likewise showed no
between birth weight and breast cancer equivalent to a 9% increase variation (data not shown).
in risk per 1,000 g increase in birth weight (95% CI = 2% to 17%). To investigate the association with tumor' characteristics we
If all registered birth weights were included in the analysis (i.e. , used additional data from DBCG on tumor size (<2 cm: n =
including birth weight registered as being below 501 g or above 1,132, 2-5 cm: n = 680, > 5 cm: n = 159, missing: n = 363)
5,999 g) the increase in risk was 8% per 1,000 g (95% CI = 1% nodal status (node neg: n = 1,097, node pos: n = 859, missing:
to 16%). Data and trend are shown on Figure 1. n = 378) and oestrogen receptor status (ER pos: n = 1,087, ER

Table II shows the increase in breast cancer risk by 1,000 g neg: n = 469, missing: n = 778). Estimating the increase in risk
increase in birth weight stratified by age. The risk increase by birth of breast cancer according to tumor characteristics by 1,000 g
weight did not vary with age (p = 0.30). Analysis of the linear increase in birth weight showed no systematic differences in the
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TABLE H- INCREASE IN BREAST CANCER RISK PER 1000 G INCREASE mothers, Michels et al.6 found significant evidence to support a
IN BIRTH WEIGHT ACCORDING TO AGE positive association between extreme birth weight and risk of

Age (years) Cases ~, ý s(95% CI)' breast cancer, not only in younger women but also later in life. Thes (n = 2,334) reason why some previous studies failed to find an association may
0-39 375 1.07 (0.90-1.28) p = 0.302 partly be due to the fact that the independent effect of birth weight

40-44 453 1.08 (0.92-1.26) seems to be rather small, and the studies thus lacked power due to
45-49 584 1.20 (1.04-1.38) their size.
50-54 502 1.08 (0.92-1.25)
55-59 325 1.09 (0.91-1.31) Analysis of the magnitude of the trend per 1,000 g increase in
60 + 95 0.77 (0.56-1.07) birth weight has only been reported in one previous study'l that

Overall 1.09 (1.02-1.17) followed 3,447 women who gave rise to 177 breast cancers. The
authors also found a linear increased risk of breast cancer with

'Adjusted for calendar period.-2Test for difference, i.e. test for increased birth weight with a hazard ratio of 22% per 1,000 g (95%
interaction between age and birth weight trend. Similar analysis but CI 10-65). Three other studies have reported significant
with binary age groups (< 50 years and - 50 years) revealed no trends,6,7,20 but did not calculate the magnitude of the trend.difference in trend according to age, p = 0.29. In contrast to most previous studies our study had sufficient

power to detect weak associations and avoided, to a large extent,
trend by tumor characteristics at diagnosis. The increase in risk of potentials for bias of the results. We based our cohort on all
being diagnosed with a tumor <2 cm by 1,000 g increase in birth children attending schools in a well defined area of Denmark and
weight was 1.09 (0.99-1.20), 0.98 (0.86-1.11) for tumors between followed them for as much as 70 years through our national
2-5 cm, and 1.21 (0.93-1.58) for tumors --5 cm. Likewise was the registries. These registries contain continuously updated manda-
increase in risk by 1,000 g increase in birth weight for nodal tory registrations of vital status, emigration and cancer diagnoses.
positive tumors 1.03 (0.91-1.15) and 1.07 (0.96-1.18) for nodal The social structure of the Danish health care system that provides
negative tumors. For oestrogen receptor positive tumors the in- equal access to health care further diminished possibilities for bias.
crease in risk was 1.03 (0.88-1.20) and for oestrogen receptor Measures of birth weight were recorded decades before and inde-
negative tumors 1.01 (0.91-1.12). pendent of possible breast cancer diagnosis, making differential

To further validate the results three additional analyses were misclassification unlikely. Furthermore, birth weight was recorded
carried out. Firstly, parity and age at first birth were known for at an early age, which limited potentials for recall bias.27 We were
women born in 1935 and later. No confounding effect was found not able to adjust birth weight for gestational age. Studies have
when adjusting for these factors. Restricting the cohort to women suggested, however, that prematurity is associated with an in-
where parity and age at first birth were known the increase in risk creased risk of breast cancer28 and controlling for gestational age
by 1,000 g increase in birth weight was similar the increase in risk would then likely have tended to strengthen the association with
for whole cohort (RR = 9% per 1,000 g, 95% CI = 2%-17%). birth weight.i3
Adjusting for parity and age did not change this estimate. Sec- The size of this study made it possible to perform estimations in
ondly, some of the identified women had missing information on subgroups. It has previously been suggested that the association
birth weight. Their breast cancer risk did not vary significantly with birth weight is strongest for premenopausal women.5,9 We
from women with known birth weight, RR w k..... k_ = 0.94 found, however, the effect of birth weight to be similar in all age
(95% CI = 0.86-1.03). Thirdly, the estimation was based on the groups (Table II). The association with birth weight according to
assumption that the association between birth weight and breast tumor characteristics has not previously been investigated. We
cancer can be described by a trend. Goodness-of-fit tests gave no found no systematic differences in the association by tumor char-
indication that this assumption was inadequate. acteristics. This suggests that the association with birth weight is a

general phenomenon and not restricted to tumors with specific
DISCUSSION characteristics.

Based on a cohort of 106,504 women we documented a statis- Adjustment for parity and age at first birth had no impact on our
tically significant association between birth weight and breast results. Parity and age at first birth reflects the hormonal and
cancer. Thus, risk of breast cancer increased by 9% per 1,000 g cellular changes after pregnancies as well as maternal social status.
increase in birth weight. This finding is in agreement with the Based on this result we found in line with others20 no indication of

currently prevailing hypothesis that intrauterine factors contribute confounding by social status although both birth weight and breast
to the development of breast cancer in adulthood. cancer have been associated with social factors. 29

Whereas some previous studies have found support for an The biological explanation for an association between birth
association between birth weight and breast cancer,5-9,20 others weight and later risk of breast cancer remains to be established.
have been inconclusive or observed no association. 9-i9 Thus, 3 Involvement of hormones, particularly estrogens, in the carcino-
recent smaller cohort studies found a positive but non-significant genesis has received much attention as the mammary gland is
association with high birth weight.il-1 2 A significant positive exposed to very high concentrations of estrogens in utero.30 Stud-
association was found in a Norwegian case-control study (373 ies have shown that birth weight is correlated with oestrogen levels
cases of breast cancer),7 whereas a similarly designed Swedish during pregnancy, 2- 4 and birth weight has therefore typically been
study (1,068 cases) failed to document a significant association used as a proxy measure of intra-uterine oestrogen exposure. As
with birth size indicators.13 Based on 2 different case-control the intra-uterine hormonal milieu is very complex, however, it is
studies, Sanderson and colleagues 9 reported a positive association likely that other exposures, e.g., IGF and insulin, which are also
between birth weight and risk of breast cancer in premenopausal correlated with birth weight, could be equally important.
women in the US, but not in postmenopausal women. The asso- In conclusion, we found a small but significant association
ciation in premenopausal women was supported by Innes and between birth weight and risk of breast cancer, which supports the
McCormack,5 ,20 but others found no such association.15-i8 Based hypothesis that prenatal factors are involved in the pathogenesis of
on recalled birth weights reported by adult women and their breast cancer.
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ABSTRACT

Background:

It is well established, that prenatal biological processes are important for the development of

some childhood cancers, whereas less is known regarding their influence on adult cancer risk. Of

interest, birth weight has been associated with risk of breast and testicular cancer, whereas studies

of e.g. prostate cancer are less conclusive. Lack of appropriate materials has limited the possibilities

to address whether prenatal exposures are important for the development of cancer in general.

Methods:

We investigated the relationship between birth weight and risk of cancer in a Danish cohort of

106,504 women and 110,825 men born between 1930 and 1975. Birth weights were obtained from

school health records and information on cancer was obtained by linking the cohort with the Danish

Cancer Registry. Follow-up was done from 1 April 1968 until 31 December 1997. A total of 7,529

cases of primary invasive cancer were diagnosed in the cohort during 5,858,074 person-years of

follow-up.

Results:

Analyses of site-specific cancers revealed that most cancers have a positive linear association to

birth weight. Departures from a linear association were statistically significant for testicular and

prostate cancers that showed a V-shaped association and Hodgkin's lymphoma that showed an

inverse V-shaped association to birth weight. Excluding the three exceptions, the trends for the

individual cancer sites were not statistically different from an overall trend of RR=I. 10 (95% CI

1.05 to 1.15) pr. 1,000 gram increase in birth weight. This trend was the same in men and women

and in all age groups. No confounding effect was found of age at first birth and parity in women.

Conclusion:

Birth weight has a linear association with cancer risk in general with 10 percent increase in risk

per 1000 g increase in weight. Few cancers showed non-linear associations with birth weight,

among which a V-shaped association for cancers of the prostate and the testis was particularly

striking. We hypothesize that the biological explanation behind the association between birth

weight and cancer at different sites should be sought in a common pathway, with some

superimposed opposing factor(s) influencing male hormonal cancer.



INTRODUCTION

It is well established that prenatal biological processes are important for the development of

childhood leukemia (1), whereas less is known regarding their influence on adult cancer risk.

Reports focusing in particular on the association between birth weight and risk of adult cancer have

found some support for this hypothesis (2;3). However, testing this hypothesis in adults with

sufficient power requires large cohorts with a long follow-up time. The number of studies on this

topic is still limited to few cancers sites, and the focus has primarily been on cancers influenced by

hormonal factors, e.g. breast, prostate and testicular cancer.

So far only one cohort study has addressed the importance of birth weight for the development of

cancer in general. In their study of Swedish women, Andersson and colleagues found a linear

association with overall incidence of cancer. However, when analyzing non-hormonal and

hormonal cancers separately, only a significant trend for non-hormonal cancers was found (4). The

study was limited in strength due to its size (262 cases with known birth weights).

A positive association between birth weight and risk of breast cancer has been established by

several researchers including ourselves, although some have reached different conclusions (4-20).

Other female cancers have been sparsely studied. Barker and colleagues found no association with

birth weight and mortality from ovarian cancer in a small UK cohort (21).

In one study of prostate cancer an association with birth weight was found (22), but bigger and

more recent studies have., however, reported only a non-significant association (23;24) or failed to

find associations at all (25;26). In contrast, studies on testicular cancer have consistently found that

both high and low birth weight is a risk factor (27-33).

An increased risk of renal cell cancer was observed among men with a birth weight greater than

3500 g in a case-control study by Bergstrom (34), whereas no association was found in women. The

association between birth weight and risk of incident colorectal cancer showed a nonlinear

association in a case-control study by Sandhu and colleagues (35) with children of both low and

high birth weight being at increased risk.

In the present study we explored the association between birth weight and risk of adult cancer in

a very large population-based cohort of Danish women and men born between 1930 and 1975 in

whom birth weights were recorded early in life.



MATERIAL AND METHODS

Study population

The study is based on a cohort of children born between 1930 and 1975. In this period a school

health record was kept for all pupils in the Copenhagen minicipality. Records for 161,063 girls and

164,155 boys who attended school in Copenhagen have been kept. These records were filled in by

nurses or physicians in the school health services and include information on e.g. name and birth

weight.

Linkage

The Danish Civil Registration System (CRS) was established 1 April 1968, and all residents and

newborns in Denmark have since been given a unique 10-digit person identification number (CRS-

number). The CRS-number is stored along with information on name, place of birth, and parental

identity on all Danish residents. It is updated daily with respect to vital and migration status. All

other national registries in Denmark, which record individual information, are based on the CRS

number, thus serving as a unique key for linkage studies.

Information from the CRS was used to generate a population-based relational database, the Birth

Order Study (BOS) database, containing information on all men and women born between 1

January 1935 and 31 December 1998, who have been assigned a CRS-number (36). This database

contains close to complete information on sibships of children, parity of women and links between

family members. The completeness of the linkage between mother and child in the BOS database

was estimated to 97.3% for children in the cohort born before 1968, and complete information for

children born hereafter (37).

Information from the school health records was computerized and linked to the CRS matching

on birth date and name. CRS-numbers were identified for 141,393 girls (88%) and 145,140 boys

(88%). For the present analysis, parity and age at first birth during follow-up for women were

obtained by linkage with the BOS database.

Ascertainment of cases

Information on incident cancer cases was obtained from the Danish Cancer Registry, which was

established in 1942 and is considered close to complete with respect to cases of malignant diseases

diagnosed in Denmark since 1943 (38).



Statistical methods

The association between birth weight and incidence of cancer was estimated in a cohort design

using log-linear Poisson regression with the PROC GENMOD procedure in the SAS statistical

software release 8.02 (39). Poisson regression was used instead of Cox regression because of

computational efficiency. Follow-up for a specific cancer began 1 April 1968 or at age 6 years,

whichever came last, and continued until a diagnosis of the specific cancer, death, emigration, or 31

December, 1997, whichever came first.

Adjustment was made for age (quadratic splines with knots: 35, 40, 45, 50, 55 and 60 years) and

calendar period in 5-year intervals (40). In additional analyses, adjustments were made for age at

first birth (nulliparous, 12-19, 20-24, 25-29, 30-34, 35+ years) and parity (0, 1, 2, 3, 4+ children).

The association between birth weight and cancer risk was analyzed in two different models. A

linear spline model with 3500 g as knot was estimated in order to investigate the linearity of the

association in birth weights being lower or higher than 3500 g. If these two trend estimates could be

considered equal (based on a likelihood ratio test) an overall trend was estimated. The trends were

estimated by treating birth weight categorized in intervals (501-2499 g, 2500-2999 g, 3000-3499 g,

3500-3999 g, 4000-4499 g, 4500-5999 g) as a continuous variable. The numerical value assigned to

a given category was chosen as the median of the distribution of birth weight within the category.

Trends for different sites were compared using inverse-variance weighted regression by means

of PROC GENMOD in SAS and based on the site-specific trend estimates and standard error. This

approach was used instead of a competing risks approach (41) as the dataset became too large even

with Poisson regression due to the many competing risks and the refined adjustment for age and

calendar period. The main difference between the two approaches is that in the first approach

patients with two different cancers are included twice compared with once in the latter approach.

The trends for different sites were furthermore compared using inverse-variance weighted

regression with a common fixed effect and a random site effect with PROC MIXED in SAS. There

was no indication of a random site effect.



RESULTS

A total of 106,504 women and 110,825 men had recorded birth weights. Persons with recorded

birth weights greater than or equal to 6000 g or less than or equal to 500 g were excluded from the

analyses due to a high risk of misclassification in these extreme groups (Nwornen=3 4 4 and

Nmen=3 6 9 ). A total of 7,529 cases of primary invasive cancer were diagnosed in the remaining

cohort during 5,858,074 person-years of follow-up. Table 1 shows Number of cancer cases and

person-years of follow-up by age, calendar period and birth cohort.

Table 2 presents the association between birth weight and incidence of site-specific cancer

(adjusted for age and calendar period). Trends have been calculated for children with birth weights

< 3,500 g (LBW), children with birth weights >3,500 g (HBW) and for all children.

V-shaped associations were observed for prostate, testicular, and bladder cancers and for

multiple myeloma and non-Hodgkin's lymphoma, and inverse V-shaped associations were observed

for Hodgkin's lymphoma, and cancers of the kidney and the larynx. If the trends for LBW and

HBW children were significantly different no common trend was calculated. This was the case for

prostate and testicular cancer and for Hodgkin's lymphoma (Table 2).

When analyzing the difference in trends for all cancers (excluding testis cancer, prostate cancer

and Hodgkin's lymphoma) we found that the site-specific trends were not significantly different

(p=0.59) from each other. Analyses of all cancers combined (excluding only testis cancer, prostate

cancer and Hodgkin's lymphoma) showed a significantly positive association between birth weight

and cancer equivalent to a RR=1.10 (95% CI 1.05 to 1.15%) per 1,000 g increase in birth weight

(Figure 1). Analyses according to attained age showed a similar birth weight trend (p=0.91) for age

under 50 years (RRage<50=l.10; 95% CI 1.04 to 1.17) when compared to age 50 years or older

(RRage>s50= 1.10; 95% CI 1.01 to 1.19). Analyses according to sex also showed a similar birth

weight trend (p0.45) in men (RRmen=1.13; 95% CI 1.04 to 1.22) and women (RRwomen=1.09; 95%

CI 1.03 to 1.15). Parity and age at first birth were known for women born in 1935 and later. No

confounding effect was found when adjusting for these factors.

The above findings were consistent when cancers were analyzed according to hormonal etiology.

Thus for male cancers of hormonal etiology (prostate and testicular cancer) different trends in LBW

and HB1W children were found (RRLBw=0.63 (95% CI: 0.49-0.80) and RR1rn 3w~l.29 (95% CI: 0.89-

1.88). For all other cancers in males a common trend of R=l.12 (95% CI: 1.02-1.21) could be

estimated. In women, no difference was seen between cancers with a hormonal etiology (breast,

cervical, uterine and ovarian cancers) and other cancers (RRwomen hormonar 4l.08 (95% CI: 0.99-1.17)

and RRwomen all other =1.09 (95% CI: 1.01-1.18)).



DISCUSSION

The intrauterine period has been hypothesized to be a critical time window in relation to

exposures associated with chronic diseases as well as cancer. Testing this hypothesis with sufficient

power in relation to cancer has, however, yielded several challenges. Previously most of the

evidence has come from studies of a number of hormone-related cancers i.e. prostate, testicular and

breast cancer.

Using birth weight as a proxy variable we have explored the possible association between

intrauterine exposure and cancer in a Danish cohort of 106,505 women and 110,663 men born

between 1930 and 1975. The size of the present study made it possible to perform separate analyses

of several cancers not previously investigated.

We analyzed the association between birth weight and cancer in two different models, one

focusing on trends in either the lower or the upper end of the distribution of birth weights, and

another addressing whether there was an overall trend between birth weight and risk of cancer. Only

prostate and testicular cancer revealed a significant V-shaped association to birth weight, whereas

Hodgkin's lymphoma had a significant inverse V-shaped association to birth weight. Similar non-

linear associations were found for some other cancers, but they were not significantly departing

from linearity, wherefore we assumed linear associations in the estimation of a common trend.

The association with birth weight for all other cancer sites was found to be similar and to fit a

linear trend of a 10 percent (95% CI from 5 percent to 15 percent) increase in cancer risk per 1,000

g increase in birth weight. Interestingly, this trend was comparable to the trend observed for the two

male hormonal cancers (prostate and testis) in their category of high birth weight children.

In additional analyses we found that the association to be the same in all age groups and in both

sexes. Adjustment for parity and age at first birth did not change the conclusion when analyzing

female-specific cancers separately. High birth weight therefore seems to act as a common risk

factor for almost all if not all cancers, whereas low birth weight is "protective" for all cancer except

prostate and testicular cancer. Birth weight was positively associated with risk of Hodgkin's

lymphoma in children with low birth weight but with an inverse association in the group of children

with high birth weight. Whereas this finding could be real it stands out as the only such statistically

significant association in the entire group of cancers, and it needs confirmation.

Apart from studies on testicular, prostate, and breast cancer, few studies have been conducted on

the association between cancer and birth weight. Similar to several previous reports we found a

linear association between breast cancer and birth weight (4-20). We found a V-shaped association



between birth weight and prostate and testicular cancer. This thus strengthens the previous findings

of a non-linear relation with birth weight for these cancers (22;25-33;42).

The only study addressing the association between overall risk of cancer and birth has been a

Swedish cohort study of women were the authors found a linear association with overall incidence

of cancer (4). However, when analyzing cancers in subgroups the authors got somewhat

inconsistent results. Results on ovarian, renal and colon cancer have likewise been inconsistent

(21;34;35).

The experience from previous as well as the present study underlines the necessity of a very

large study material to address the effect of birth weight on cancer in general. Even in our cohort of

nearly 6 million person-years of follow-up and 7,529 cancer outcomes, some cancers were still

relatively rare due to the age distribution in the cohort. Clearly, previous inconsistencies should to a

large degree be explained by small sample sizes.

The possibility that in-utero growth has an equal effect on risk of cancer at almost all if not all

sites is intriguing. It could be explained by the existence of a common pathway with one or more

opposing factors influencing male hormone-related cancers. The common pathway could establish a

"base risk" on which other later risk factors would have independent influence. Several exposures

have been shown to be associated with size at birth, and focus has especially been on levels of

estrogen, IGF- 1 and insulin in the mother during pregnancy, but other still unknown factors may

very well show to be important (43;44).

The question is how birth size modulates cancer risk? It has been suggested that breast cancer

risk correlates with number of stem cells (3). We believe that this model could be broadened to

include most if not all types of cancer, and that accordingly large babies could have an increased

cancer risk due to persistently increased number of susceptible cells.

Specifically, the association between birth weight and cancer risk could either reflect a simple

correlation between birth weight and number of cells or reflect that factors that govern birth weight

are also associated with an increased cancer risk, e.g. by initiating a multistep carcinogenesis.

Our study had several strengths due to design and size. The Danish national health registries

contain continuously updated mandatory registrations of e.g. vital status, emigration and cancer

diagnoses, which enabled us to follow our cohort members for almost 70 years. The social structure

of the Danish health care system further diminished risk of for bias, as equal access to health care is

provided for all citizens. Birth weights were reported by the parents and recorded at an early age



which has been found to be very accurate in relation to recall (45). Birth weights were furthermore

recorded decades prior to and independently of possible cancer diagnosis, making differential

misclassification unlikely.

We were not able to adjust birth weight for gestational age, which, however, may not be

important if it is the number of susceptible cells that accounts for the observed associations.

Furthermore, we were unable to adjust for the effect of smoking. Smoking exhibits a parent-

offspring association, maternal smoking reduces birth weight, and smoking is a strong risk factor

for certain cancers, so lack of possibility to control for smoking therefore limits the interpretation

for smoking associated cancers. However, we note with interest that the association between birth

weight and smoking associated cancers was similar to that found for cancers not associated with

smoking implying that control for smoking in the mother and the offspring would expectedly

strengthen the association.

In conclusion, our results strongly suggest that prenatal biological processes are important in the

pathogenesis of all cancers. For most cancers, the risk increased in a linear manner with increasing

birth weight, the only clear exception being male cancers with a hormonal etiology (prostate and

testis) where a V-shaped association with birth weight was found. We hypothesize that the

biological explanation behind the association between birth weight and cancer at different sites

should be sought in a common pathway, with some opposing factor(s) influencing male hormonal

cancer.



Table 1. Total number of cancer cases and person-years of follow-up by age,

calendar period and birth cohort

Cases (%) Person-years / 1,000 (%)
Cohort Characteristics

(Total = 7,529) (Total = 5,858)

Age

0- 39 2,534 (33.7) 4,319.4 (73.7)

40-44 1,265 (16.8) 638.1 (10.9)

45 - 49 1,540 (20.5) 489.4 (8.4)

50- 54 1,377 (18.3) 294.6 (5.0)

55 - 59 742 (9.9) 108.4 (1.9)

60 + 71 (0.9) 8.2 (0.1)

Calendar Period*

1968 - 1972 270 (3.6) 841.0 (14.4)

1973- 1977 513 (6.8) 964.9 (16.5)

1978 - 1982 847 (11.2) 1,026.5 (17.5)

1983 - 1987 1,228 (16.3) 1,033.4 (17.6)

1988-1992 1,906 (25.3) 1,010.9 (17.3)

1993-1997 2,765 (36.7) 981.3 (16.8)

Birth Cohort

1930-1934 41 (0.5) 7.9 (0.1)

1935 - 1939 1,780 (23.6) 597.3 (10.2)

1940 - 1944 2,462 (32.7) 1,124.2 (19.2)

1945-1949 1,733 (23.2) 1,190.2 (20.3)

1950-1954 716 (9.5) 849.0 (1.4.5)

1955 - 1959 412 (5.5) 721.4 (12.3)

1960-1964 212 (2.8) 580.8 (9.9)

1965 - 1975 173 (2.3) 787.3 (13.4)

Follow-up began on 1 April 1968 and ended on 31 December 1997



Table 2. Birth weight and relative risk of cancer. Adjusted for age and calendar period.

RR pr. kg (95% CI) RR pr. kg (95% CI) RR pr. kg (95% CI)Cancer site N

Birth weight < 3,500 g Birth weight > 3,500 g All birth weights

Men

Prostate 56 0.56 (0.27-1.18) 2.76 (1.10-6.97)

Testis 443 0.64 (0.50-0.83) 1.16 (0.76-1.75)

Women

Breast 1,842 1.15 (1.00-1.33) 1.02 (0.83-1.26) 1.10 (1.01-1.21)

Cervix 515 1.07 (0.83-1.39) 1.00 (0.66-1.52) 1.05 (0.89-1.24)

Ovary 276 0.97 (0.69-1.36) 0.93 (0.52-1.67) 0.96 (0.76-1.20)

Uterus 143 0.95 (0.59-1.53) 1.13 (0.54-2.37) 1.01 (0.73-1.38)

Men and women

Bladder 269 0.85 (0.59-1.23) 1.68 (1.08-2.63) 1.14 (0.90-1.44)

Brain 473 1.16 (0.87-1.54) 1.15 (0.97-1.38) 1.15 (0.97-1.38)

Colon and rectum 520 1.03 (0.79-1.34) 0.95 (0,65-1.38) 1.00 (0.85-1.18)

Hodgkin's lymphoma 141 1.52 (0.89-2.61) 0.27 (0.09-0.79)

Kidney 175 1.69 (0.99-2.89) 0.86 (0.46-1.63) 1.26 (0.94-1.68)

Larynx 95 2.14 (0.97-4.73) 0.85 (0.37-1.95) 1.37 (0.92-2.03)

Leukemia 219 1.16 (0.76-1.76) 0.98 (0.55-1.76) 1.09 (0.84-1.41)

Liver and gallbladder 83 0.94 (0.49-1.82) 1.31 (0.55-3.11) 1.08 (0.71-1.64)

Lung 658 1.18 (0.92-1.51) 1.36 (1.01-1.84) 1.26 (1.08-1.46)

Malignant melanoma 555 1.08 (0.84-1.41) 1.34 (0.95-1.90) 1.18 (1.00-1.39)

Multiple myeloma 51 0.87 (0.37-2.03) 2.09 (0.79-5.52) 1.29 (0.75-2.21)

Non-Hodgkin's lymphoma 291 0.89 (0.63-1.25) 1.55 (0.98-2.44) 1.16 (0.87-1.54)

Other cancers 578 0.85 (0.67-1.09) 1.36 (0.97-1.91) 1.02 (0.87-1.20)

Pancreas 120 1.36 (0.73-2.50) 1.03 (0.47-2.26) 1.21 (0.84-1.74)

Pharynx 115 0.62 (0.38-1.02) 0.95 (0.43-2.12) 0.72 (0.51-1.01)

Stomach and esophagus 201 1.23 (0.78-1.93) 0.88 (0.48-1.61) 1.07 (0.82-1.41)

* Persons with more than one cancer are counted twice.
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FIGURE LEGEND

Figure 1

Birth weight and relative risk of all cancers combined (excluding testis cancer, prostate cancer

and Hodgkin's lymphoma). The numerical value assigned to a given category was chosen as the

median of the distribution of birth weight within the category. Adjustment was made for age and

calendar period.
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ABSTRACT

BACKGROUND

Adult height and body-mass index influence the risk ofbreast cancer in women. Wheth- From the Department of Epidemiology Re-

er these associations reflect growth patterns of the fetus or growth during childhood search, Danish Epidemiology Science Cen-
and adolescence is unknown, ter, Statens Serum Institut (M.A., M.M.,J.W); and the Danish Epidemiology Science

Centre, Institute of Preventive Medicine,

METHODS Copenhagen University Hospital (T.I.A.S.)
f - both in Copenhagen. Address reprintWe investigated the association between growth during childhood and the risk o requests to Dr. Ahigren at the Department

breast cancer in a cohort of 117,415 Danish women. Birth weight, age at menarche, and of Epidemiology Research, Danish Epidemi-

annual measurements ofheight and weightwere obtained from school health records. ology Science Center, Statens Serum Insti-
tut, Artillerivej 5, DK-2300 Copenhagen S,We used the data to model individual growth curves. Information on vital status, age Denmark, or at abk@ssi.dk.

at first childbirth, parity, and diagnosis ofbreast cancer was obtained through linkages
to national registries. N EnglJ Med 2004;351:1619-26.

Copyright © 2004 Massachusetts Medical Society.

RESULTS

During 3,333,359 person-years of follow-up, 3340 cases of breast cancer were diag-
nosed. High birth weight, high stature at 14 years of age, low body-mass index (BMI)
at 14 years of age, and peak growth at an early age were independent risk factors for
breast cancer. Height at 8 years ofage and the increase in height during puberty (8 to 14
years of age) were also associated with breast cancer. The attributable risks of birth
weight, height at 14 years of age, BMI at 14 years of age, and age at peak growth were
7 percent, 15 percent, 15 percent, and 9 percent, respectively. No effect of adjusting for
age at menarche, age at first childbirth, and parity was observed.

CONCLUSIONS

Birth weight and growth during childhood and adolescence influence the risk of breast
cancer.
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OST STUDIES OF BODY SIZE AND THE 1943.1 For women under 70 years of age at diag-
risk of breast cancer have shown that nosis, more than 95 percent of cases have been
tall women have an increased risk of registered in the clinical Danish Breast Cancer Co-

breast cancer regardless of menopausal status,1 operative Group database.4

whereas obese women have a reduced risk of breast
cancer before menopause but an increased risk af- STATISTICAL ANALYSIS

ter menopause.2 The extent to which these associ- Weight and height at 8, 10, 12, and 14 years of age
ations in adults reflect growth patterns in early life were estimated by linear interpolation of the last
is unknown. A better understanding of the associ- measurement before the birthday and the first mea-
ation between early growth patterns and the risk of surement after the birthday. If no measurements
breast cancer could improve our knowledge of the after the 14th birthday existed but the measure-
mechanisms ofthe disease and could be important ments at ages 8,10, and 12 were known, the level at
for prevention. 14 years of age was predicted by best subset re-

We explored possible associations among birth gression performed with the use of Stata software,
weight, childhood and pubertal growth, and breast version 8.0.5 Body-mass index (BMI) was the weight
cancer in a large, population-based cohort study in kilograms divided by the square ofthe height in
of women for whom height and weight had been meters.
recorded annually during the school years. Age at peak growth was defined as the age be-

tween pairs of subsequent measurements that in-
METHODS dicated the maximal growth rate in height. We

estimated the growth rate between two measure-
STU DY POPULATION ments as a weighted average ofthe change in height
We based our study on a cohort of women born between the two measurements (the interval has a
from 1930 through 1975 who had undergone reg- weight of one half of the weighted average) and
ular health examinations in school in the munic- the change in both adjacent intervals (which have
ipality of Copenhagen. A manual register of the weights of one quarter and one quarter of the
school health records lists 161,063 girls. The rec- weighted average). With only one adjacent interval,
ords include information on annual measurements the weights were two thirds and one third of the
ofweight and height, age at menarche, and birth weighted average, respectively. Age at peak growth
weight as reported by the parents. Information from was estimated for girls with five or more measure-
these school health records was computerized and ments and in whom the maximal growth rate was
linked by name and date ofbirth to the Danish Civil estimated to be 3.5 cm per year or more.
Rlegistration System (CRS). Follow-up for the diagnosis of breast cancer be-

Since April 1, 1968, the CkS has assigned a gan for all subjects at 14 years of age or on April 1,
unique 10-digit personal identification number 1968, whichever came last, and continued until a
(the CRS number) to all residents and newborns in diagnosis of breast cancer, death, emigration, or
Denmark. The CRS number permits linkage with August 31, 2001 (the end of follow-up), whichever
information from other registries. CRS numbers came first. The association with breast cancer was
were identified for 141,393 girls (88 percent) but estimated according to a cohort design with the
were missing in the remainder - mainly because use of a log-linear Poisson regression model (SAS,
of emigration, death, or changes in surnames be- version 8).6 Adjustment was made for attained age
fore 1968. Information from the CRS was also used (quadratic splines with "knots" for each five years)
to determine the variables of parity and age at each and for the calendar period (in five-year intervals).'
delivery ofa child for cohort members.3, 4  In additional analyses, adjustments were made for

Information about cases ofinvasive breast can- age at first childbirth and parity.
cer occurring through 1997 was obtained from the Differences according to attained age and the
Danish Cancer Registry, and information about difference in the effect of the change in height and
cases from 1998 through 2001 was obtained from BMI according to age intervals during childhood
the registry of the Danish Breast Cancer Coopera- were evaluated by likelihood-ratio tests ofhetero-
tive Group. The Danish Cancer Registry is consid- geneity. Trends were estimated by treating the cate-
ered close to complete with respect to cases of gorized variables (assigned the median within the
malignant diseases diagnosed in Denmark since category) as continuous variables. The underly-
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ing log-linear assumptions were checked against were available for 3610 women), the estimated
a categorical model with the use of likelihood- age at peak growth, and the BMI at 14 years of age
ratio tests. were inversely associated with the relative risk of

Information about age at menarche had not breast cancer. Birth weight (data were available
been computerized originally along with measure- for 91,601 women) and height at 14 years of age
ments of birth weight, weight, and height. There- showed a positive association with the relative risk
fore, we manually retrieved school health records of breast cancer. No change in effect was found
in a nested, case-cohort design on all 2005 women when we adjusted for parity and age at first child-
who were born from 1940 to 1970 in whom breast birth.
cancer developed during follow-up and a cohort of We investigated whether growth in any specif-
5500 randomly chosen women who were stratified ic age interval influenced the risk of breast cancer.
according to birth cohort in accordance with the We used the age at peak growth to subdivide the
distribution ofcases. Information on age at menar- period from 8 to 14 years of age into the following
che was retrieved for 3610 ofthe women, ofwhom three intervals: from 8 years of age until the peak
950 had breast cancer. year, during the peak year, and from the peak year

Analyses involving age at menarche were per- until 14 years of age. The peak year was defined as
formed with the use of Cox regression, with at- the 12-month period beginning 6 months before
tamined age as the underlying time variable and with the estimated age at peak growth. Increase in height
birth cohort as stratum variable. The Cox regres- was significantly associated with the relative risk
sion analyses (with robust estimation ofvariance to ofbreast cancer within all age intervals after adjust-
avoid overestimation of the precision due to the ment for the BMI at 14 years of age, age at peak
oversampling of cases) were performed with the growth, and attained age and calendar period (Ta-
use of the STCOX procedure (Stata statistical soft- ble 2). The relative risk per increase in height was
ware, version 8).5 Follow-up was as in the Poisson similar in the three age intervals between 8 and
regression. 14 years of age (PM0.33), whereas the relative risk

We estimated the population attributable risk was significantly higher for changes in height be-
for each variable in scenarios in which each wom- tween 8 and 14 years of age than for changes in
an was assigned the median value in the lowest height before the age of 8 (P=0.01).
category (in the case of birth weight and height at The BMI, adjusted for height at age 14, age at
14 years of age) or the highest category (in the case peak growth, and attained age and calendar peri-
ofBMI at 14years and age atpeakgrowth) (Table 1). od, was significantly associated with the relative
The population attributable risks were estimated risk of breast cancer within all the age intervals
for each variable on the basis of the distribution of (Table 2). However, the increase in risk per increase
risk factors presented in Table 1 and the relative in BMI was similar in the three intervals from 8 to
risks (estimated from the trend) for the median val- 14 years of age (P=0.77). Also, the increase in risk
ue ofeach quintile. was similar for changes in the BMI between 8 and

14 years of age and changes in the BMI before the

RESULTS age of 8 (P=0.10). No association was found be-
tween weight (unadjusted for height) at any age

In our cohort of 141,393 girls who had CRS num- and the risk of breast cancer (data not shown).
bers, there were 1,128,505 sets of measurements The correlation coefficients for each of the five
ofweight and height. Overall, 89 percent ofthe girls variables in Table 1 as well as height and BMI at
had 5 to 12 measurements (median, 8). The medi- 8 years of age were all less than 0.4 with three ex-
an (±SD) age at the first measurement was 7.2±1.1 ceptions: height at the ages of 8 and 14 (0.88),
years, and the median age at the last measurement BMI at the ages of 8 and 14 (0.74), and age at
was 14.5±2.Oyears. We limited all subsequent analy- menarche and age at peak growth (0.60). The cor-
ses to the 117,415 women with complete informa- relation coefficients for birth weight were all less
tion on weight and height at 8, 10, 12, and 14 years than 0.20.
ofage as well as age at peak growth. In this cohort, After further mutual adjustment (Table 3), birth
3340 cases of breast cancer were observed during weight, height at 8 years of age, height increase
3,333,359 person-years of follow-up. between 8 and 14 years of age, and the BMI at 14

As Table 1 shows, the age at menarche (data years of age remained independently associated
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Tiale 1. Adjusted Relative Risk of Breast Cancer According to Birth Weight, Age at Peak Growth, Age at Menarche,
and Height and BMI at 14 Years of Age in the Cohort of 117,415 Women.*

Variable No. of Cases Relative Risk (95% CI)

Birth weight (kg)t

Median of each quintile

2.5 381 1.00,

3.0 392 0.98 (0.85-1.13)

3.4 668 1.06 (0.93-1.20)

3.6 150 1.05 (0.87-1.27)

4.0 483 1.17 (1.02-1.33)

Trend per kg 2074 1.10 (1.01-1.20)

Age at peak growth (yr)

Median of each quintile

10.4 568 1.00ý

11.3 727 1.04 (0.93-1.16)

12.0 703 0.94 (0.84-1.05)

12.8 657 0.86 (0.77-0.96)

13.5 685 0.84 (0.75-0.93)

Trend per yr 3340 0.97 (0.96-0.98)

Age at menarche (yr)S

Median of each quintile
11.9 193 1.0051.

12.6 201 1.03 (0.85-1.26)

13.2 209 1.09 (0.90-1.33)

13.7 183 0.94 (0.77-1.15)

14.4 164 0.83 (0.67-1.02)

Trend per yr 950 0.96 (0.92-1.00)

with breast cancer, with trends similar to those and age at peak growth were 15 percent, 15 percent,
presented in Tables 1 and 2. Similar analyses in the and 9 percent, respectively.
nested case-cohort design, where age at menarche
was known, revealed that adjustment for age at DISCUSSION
menarche did not affect these associations.

The association between age at peak growth With the use of a very large collection of school
and breast cancer was enhanced after adjustment health records combined with effective follow-up,
for all growth variables except age at menarche, we found that high birth weight, early age at peak
which did not affect the association. Age at men- growth, high stature at 14 years ofage, low BMI at
arche was not associated with the relative risk of 14 years of age, and high growth rate in childhood
breast cancer after adjustment for the pubertal - particularly around puberty - were all inde-
growth factors (Table 3). pendent risk factors for breast cancer. Our results

To evaluate the effect of these variables on the are in accord with the positive association between
population, we calculated population attributable adult height and premenopausal and postmeno-
risks under the assumption of causal associations. pausal risks of breast cancer' and with the inverse
If all women had a birth weight in the lowest cate- association between BMI and the risk ofpremeno-
gory (lowest quintile), the number of cases would pausal breast cancer." However, we also identified
be diminished by 7 percent. Similar figures for specific periods of early growth that are important
height at 14 years of age, BMI at 14 years of age, to the risk of breast cancer.
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Table 1. (Continued.)

Variable No. of Cases Relative Risk (95% Cl)

Height at age 14 (cm)

Median of each quintile

151.1 733 1.00t

156.2 678 1.07 (0.96-1.19)

159.8 682 1.18 (1.06-1.31)

162.9 600 1.15 (1.03-1.28)

167.6 647 1.51 (1.36-1.68)

Trend per 5 cm 3340 1.11 (1.08-1.15)

BMI at age 14 (kg/m2)

Median of each quintile

16.7 644 1.00.

18.1 692 0.96 (0.86-1.07)

19.1 736 1.02 (0.92-,1.13)

20.3 711 0.99 (0.89-1.10)

22.4 557 0.84 (0.75-0.94)

Trend per unit 3340 0.97 (0.96-0.98)

* All variables were adjusted for age and calendar period except age at menarche, which was adjusted for birth cohort

instead of calendar period owing to the case-cohort design. BM I denotes body-mass index (calculated as the weight in
kilograms divided by the square ofthe height in meters), and Cl confidence interval. Adjustment for parity and age at first
childbirth did not markedly change the trend estimates. Trends are for each increase of one in the unit specified.

t Birth weight was known for 91,601 ofthe 117,415 women for whom complete information was available on height,
weight, and age at peak growth, and breast cancer developed in 2074.

$ This group served as the reference group.
SInformation on age at menarche was collected with use of a case-cohort design for 3610 women, and of these, breast

cancer developed in 950.

Birth weight, a proxy for in utero growth and proxy for adult height,"7 to confirm the finding of
prenatal exposure, has been studied by several au- a direct association between adult height and risk
thors, and most 9"'8 but not all12,19"23 have found of breast cancer. Our finding of an 11 percent in-
support for an association between birth weight crease in risk for every 5 cm increase in height was
and breast cancer. In a previous study of women similar to the results ofa very large study ofadults.3
from the same population butwithout information Our data allowed us to investigate whether the in-
on subsequent growth, we also found a significant fluence of final height was modified by the growth
association.24 In the present study, we found that pattern. Height at 8 years ofage and the increase in
the association ofbreast cancer with birth weight height around puberty were both associated with
is independent of the effect of subsequent growth breast cancer, but the latter was stronger, suggest-
patterns and the timing of puberty on the risk of ing that pubertal growth has a special effect on the
breast cancer. risk of breast cancer. In contrast, analyses of the

Four studies have explored the association be- BMI did not reveal any time interval in which chang-
tween pubertal growth and the risk of breast cancer es in the BMI were ofspecial importance.
in cohorts where actual measurements of weight We found a linear trend between a lower age at
and height were obtained, although on a much peak growth and an increased risk ofbreast cancer,
more limited scale than in our study.15'16'2"' 26 In which was independent of other measures. Adult
agreement with these studies, we found the BMI height is weakly linked to age at peak growth and
at 8, 10, 12, and 14 years ofage to be inversely as- age at menarche, and it is possible that different
sociated with the risk of breast cancer. We used factors control these variables. Age at peak growth
height at 14 years of age, which serves as a good probably reflects the initiation of puberty. A Nor-
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S~To illustrate the quantitative contributions of
Table, 2. Adjusted Relative Risk of Breast Cancer According to Change Thegowt facutorsato the ounittverall trisk ton ofbratcn
in Heightand BMI uringVarious Periods in Childhood.* to te overall risk ofbreast can-

cer, we also calculated the population attributable
Period in Childhood Height BMI risks under the assumption of causal associations.

Relative Risk per Relative Risk per If all women had a birth weight in the lowest cate-
5-cm Increase P 1-Unit Increase P gory (lowest quintile), the number ofcases ofbreast

(95% CI)1" Value.: (95% Cl)l Value* cancer would have been diminished by 7 percent.

<8 Yr old 1.11 (1.07-1.15) 0.01 0.94 (0.91-0.97)1 010 Similarly, lowest quintiles of height at 14 years of
8-14 Yr old 1.17 (1.09-1.25)1 0.96 (0.93-0.99)1 age and highest quintile of BMI at 14 years of age

and ofage at peak growth would have resulted in a
8-Peak yr 1.18 (1.08-1.27) 0.95 (0.91-0.99) 15 percent, 15 percent, and 9 percent decrease in

Peak yr 1.15 (0.97-1.36) 0.33 0.96 (0.90-1.02) 0.77 cases, respectively.

Peak yr-14 yr old * 1.10 (1.00-1.20) 0.97 (0.93-1.02)1 Our study had sufficient power to detect weak
but relevant associations, and it avoided various

* Peak year is defined as the 12-month time period beginning 6 months before sources of bias. Information on birth weight and
the estimated age at peak growth. BMI denotes body-mass index, and Cl con- the measurements of height and weight was re-
fidence interval.

"t Adjustments were made for attained age and calendar period, age at peak corded during school years, making differential
growth, and BMI at 14 years of age. misclassification unlikely. The validity ofparents'

* Pvalues for the difference in relative risk were derived from the likelihood-ratio reports of their children's birth weights is very
test of heterogeneity.

S Adjustments were made for attained age and calendar period, age at peak high.2 9 We based our cohort on all children attend-
growth, and height at 14 years of age. ing schools in a well-defined area of Denmark and

followed them through our national registries. The
Danish social structure further diminished any risk

wegian study showed that the risk of breast cancer ofdiagnostic bias, because free and equal access to
increased by 4 percent for each year that age at health care is provided for all citizens.
menarche decreased.2 8 We also found that age at The biologic background for our findings needs
menarche was associated with a risk of breast can- to be elucidated, and mechanistic models includ-
cer, but not when age at peak growth was included ing modified susceptibility seem warranted. With-
in the analysis. Thus, previous findings could show in the past century, adult height and the prevalence
that age at menarche is a proxy for age at peak of obesity have increased and the age at menarche
growth or that both reflect the importance ofage has decreased, 30,3' indicating that changes in some
at the onset ofpuberty. Another indication of the environmental conditions are important and prob-
importance ofpubertywas our finding that the in- ably interact with genetic factors. Nutritional sta-
crease in height between 8 and 14 years of age con- tus, for example, is related to an increased gain in
ferred a higher risk of breast cancer than the in- height in childhood and earlier onset ofpuberty.32

crease in height that accrued up to 8 years of age. An increase in the total number of menstrual
We did not have information on the women's cycles during a lifetime may explain the associa-

status with respect to family history of breast can- tion between the early onset of puberty (and thus
cer, history ofbenign breast disease, and hormone- early age at peak growth) and an increased risk of
replacement therapy. Although these factors in- breast cancer. However, this explanation may be
fluence the risk of breast cancer, they are unlikely too simple. Even a two-year delay in age at menar-
to vary according to childhood height and weight che would result in only a limited number of"lost"
and, as such, do not confound our estimates. An- menstrual cycles in the context ofthe total number
other limitation of our study was the inability to ofcycles in a lifetime. The breast epithelium under-
analyze adult weight and BMI. Thus, whereas ad- goes final differentiation at first pregnancy, and
olescent height is closely correlated with adult it is a generally held belief that differentiated cells
height and hence is well elucidated in this study, are less prone to carcinogenic effects than undif-
weight has a weaker correlation. In a large popu- ferentiated cells. 33 Whereas some differentiation
lation-based British cohort, height at 16 years of of breast epithelium occurs before the first preg-
age had a correlation of 0.92 with height at 33 nancy, breast cells present before menarche are
years of age, as compared with a correlation with probably the least differentiated. Since the female
weight of0.63. 27  breast begins developing well before the start of
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Table 3. Association between Growth Variables and Breast Cancer, According to Age.

Growth Variable Relative Risk (95% CI)* P Value¶

All Ages Age <50 yr Age >50 yr

Birth weightt 1.10 (1.01-1.21) 1.14 (1.01-1.28) 1.05 (0.91-1.21) 0.39

Age at peak growtht 0.94 (0.91-0.97) 0.90 (0.86-0.95) 0.98 (0.93-1.03) 0.03

Age at menarches 0.99 (0.91-1.07) 0.98 (0.88-1.08) 1.01 (0.87-1.17) 0.74

Height at age 8t 1.11 (1.07-1.15) 1.11 (1.05-1.17) 1.11 (1.05-1.17) 0.62
Height increase age 8 to age 14t 1.17 (1.09-1.25) 1.15 (1.05-1.27) 1.18 (1.07-1.30) 0.74

BMI age 14* 0.95 (0.93-0.97) 0.96 (0.94-0.99) 0.94 (0.92-0.97) 0.22

The relative risk is per 1-kg increase in birth weight, per 1-year increase in age at peak growth and age at menarche, per
5-cm increase in height, and per 1-unit increase in body-mass index (BMI). CI denotes confidence interval.

t Adjusted for age at peak growth, height at 8 years of age, height increase from 8 to 14 years of age, and BMI at 14 years
of age. Further adjustment for age at menarche did not markedly change the estimate.

* Mutually adjusted. Further adjustment for birth weight and age at menarche did not markedly change the estimate.
SAdjusted for age at peak growth, height at age 8, height increase from age 8 to age 14, and BMI at age 14. Further adjust-

ment for birth weight did not markedly change the estimate.
¶ P values represent the difference in relative risk according to attained ages.

menstrual cycles, 34 itis possible that the age atpeak adipose tissue may promote differentiation of the
growth is really an indicator of the age atwhich the breast epithelium.
breast starts growing and, hence, influences the Overall, our results provide evidence that fac-
risk of breast cancer. tors influencing fetal, childhood, and adolescent

Our finding that a high BMI protects against growth are important independent risk factors for
breast cancer contrasts with studies showing that breast cancer in adulthood. Therefore, the expo-
overweight in girls is associated with early menar- sures or conditioning processes during these peri-
che.3 5 Our findings suggest that the effect of child- ods are ofparticular importance in relation to adult
hood obesity on breast cancer does not occur by breast cancer.
means of a contribution to the acceleration ofpu- Supported by grants from the U.S. Department of Defense Con-

gressionally Directed Medical Research Programs, the Danish Med-
berty, because early menarche has the opposite ef- ical Research Council, the Danish National Research Foundation,
fect ofobesity. However, the estrogens produced by and the Danish Cancer Society.

REFERENCES

1. Gunnell D, Okasha M, Smith GD, Oliver metric factors and breast cancer risk. Eur et al. Tallness and overweight during child-
SE, Sandhu J, Holly JM. Height, leg length, J Cancer Prey 2001;10:15-32. hood have opposing effects on breast can-
and cancer risk: a systematic review. Epide- 9. Andersson SW, Bengtsson C, Hallberg cer risk. BrJ Cancer 2001;85:1680-4.
miol Rev 2001;23:313-42. L, et al. Cancer risk in Swedish women: the 16. Stavola BL, Hardy R, Kuh D, Silva IS,
2. Tretli S. Height and weight in relation to relation to size at birth. BrJ Cancer 2001;84: Wadsworth M, Swerdlow AJ. Birthweight,
breast cancer morbidity and mortality: a pro- 1193-8. childhood growth and risk of breast cancer
spectivestudyof570,000womenin Norway. 10. Innes K, Byers T, Schymura M. Birth inaBritish cohort. BrJ Cancer2000;83:964-
IntJ Cancer 1989;44:23-30. characteristics and subsequent risk for breast 8.
3. Storm HH, Michelsen EV, Clemmensen cancer in veryyoungwomen. Am J Epidemi- 17. Ekbom A, Trichopoulos D, Adami HO,
IH, PihlJ. The Danish Cancer Registry - his- ol 2000;152:1121-8. Hsieh CC, Lan SJ. Evidence ofprenatal influ-
tory, content, quality and use. Dan Med Bull 11. Michels KB, Trichopoulos D, RobinsJM, ences on breast cancer risk. Lancet 1992;
1997;44:535-9. et al. Birthweight as a risk factor for breast 340:1015-8.
4. Rostgaard K, Hoist H, Mouridsen HT, cancer. Lancet 1996;348:1542-6. 18. Hubinette A, Lichtenstein P, Ekbom A,
Lynge E. Do clinical databases render popu- 12. Sanderson M, Williams MA, Malone KE, Cnattingius S. Birth characteristics and breast
lation-based cancer registers obsolete? The et al. Perinatal factors and risk of breast can- cancer risk: a study among like-sexed twins.
example of breast cancer in Denmark. Can- cer. Epidemiology 1996;7:34-7. IntJ Cancer 2001;91:248-51.
cer Causes Control 2000;11:669-74. 13. Vatten Q, Maehle BO, Lund Nilsen TI, 19. Ekbom A, Hsieh CC, Lipworth L, Adami
5. Stata base reference manual, version 8. et al. Birth weight as a predictor of breast HQ, Trichopoulos D. Intrauterine environ-
College Station, Tex.: Stata Press, 2003. cancer: a case-control study in Norway. Br mentandbreastcancerriskinwomen:apop-
6. SAS/STAT user's guide, version 8. Cary, JCancer2002;86:89-91. ulation-based study.JNaf CancerInst 1997;
N.C.: SAS Institute, 2003. 14. Kaijser M, Lichtenstein P, Granath F, 89:71-6.
7. Greenland S. Dose-response and trend Erlandsson G, Cnattingius S, Ekbom A. In 20. Sanderson M, Williams MA, DalingJR,
analysis in epidemiology: alternatives to utero exposures and breast cancer: a study et al. Maternal factors and breast cancer risk
categorical analysis. Epidemiology 1995;6: of opposite-sexed twins. J Nati Cancer Inst among young women. Paediatr Perinat Epi-
356-65. 2001;93:60-2. demiol 1998;12:397-407.
8. Friedenreich CM. Review of anthropo- 15. Hilalivi-ClarkeL, ForsenTErikssonJG, 21. Le Marchand L, Kolonel LN, Myers BC,

N ENGLJ MED 351;16 WWW.NEJM.ORG OCTOBER 14, 2004 1625



GROWTH PATTERNS AND THE RISK OF BREAST CANCER

Mi MP. Birth characteristics of premeno- Mi MP. Body size at different periods of life 31. Rasmussen S, Petersen TA, Madsen M.
pausal women with breast cancer. Br J Can- and breast cancer risk. AmJ Epidemiol 1988; Body height of 6 15-year-old school chil-
cer 1988;57:437-9. 128:137-52. dren measured in the period 1986/1987 to
22. Titus-ErnstoffL, Egan KM, Newcomb 27. Power C, Lake JK, Cole Tj. Body mass 199611997 compared with Danish measure-
PA, etal. Earlylife factors in relation to breast index and height from childhood to adult- ments in 1971/1972. Ugeskr Laeger 2002;
cancer riskin postmenopausalwomen. Can- hood in the 1958 British born cohort. Am 164:5011-5. (In Danish.)
cer Epidemiol Biomarkers Prey 2002;11: J Clin Nutr 1997;66:1094-101. 32. He Q, Karlbergj. BMI in childhood and
207-10. 28. Kvale G, Heuch I. Menstrual factors and its association with height gain, timing of
23. SandersonM, ShuXO, JinF, etal. Weight breastcancerrisk. Cancer 1988;62:1625-31. puberty, and final height. Pediatr Res 2001;
at birth and adolescence and premenopaus- 29. Olson JE, Shu XO, Ross JA, Pendergrass 49:244-51.
al breast cancer risk in a low-risk popula- T, Robison LL. Medical record validation of 33. Russo J, Russo IH. Cellular basis of
tion. Br J Cancer 2002;86:84-8. maternally reported birth characteristics breast cancer susceptibility. Oncol Res 1999;
24. Ahlgren M, Sorensen TIA, Wohlfahrt J, and pregnancy-related events: a report from 11:169-78.
Haflidadottir A, Hoist C, Melbye M. Birth the Children's Cancer Group. Am J Epide- 34. Howard BA, Gusterson BA. Human
weight and risk of breast cancer in a cohort miol 1997;145:58-67. breast development. J Mammary Gland Biol
of 106,504 women. Int J Cancer 2003;107: 30. Petersen TA, Rasmussen S, Madsen M. Neoplasia 2000;5:119-37.
997-1000. BMI of Danish school children measured 35. Frisch RE, McArthur JW. Menstrual cy-
25. Herrinton Q, Husson G. Relation of during the periods 198611987-199611997 des: fatness as a determinant of minimum
childhood height and later risk of breast compared to Danish measurement in 19711 weight for height necessary for their mainte-
cancer. Am J Epidemiol 2001;154:618-23. 1972. Ugeskr Laeger 2002;164:5006-10. (In nance or onset. Science 1974;185:949-51.
26. Le Marchand L, Kolonel LN, Earle ME, Danish.) Copyright © 2004 Massachusetts Medica! Society.

FULL TEXT OF ALL JOURNAL ARTICLES ON THE WORLD WIDE WEe

Access to the complete text oftheJournal on the Internet is free to all subscribers. To use this Web site, subscribers should go to
thejournal's home page (www.nejm.org) and register by entering their names and subscriber numbers as they appear on their
mailing labels. After this one-time registration, subscribers can use their passwords to log on for electronic access to the entire
journal from any computer that is connected to the Internet. Features include a library of all issues since January 1993 and
abstracts since January 1975, a full-text search capacity, and a personal archive for saving articles and search results of interest.
All articles can be printed in a format that is virtually identical to that of the typeset pages. Beginning six months after publication,
the full text of all Original Articles and Special Articles is available free to nonsubscribers who have completed a brief registration.

1626 N ENGLJ MED 351;16 WWW.NEJM.ORG OCTOBER 14, 2004


