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Abstract and Introduction
Abstract
Background: Elevated pregnancy estrogen levels are associated with increased risk of
developing breast cancer in mothers. We studied whether pregnancy weight gain that has been
linked to high circulating estrogen levels, affects a mother's breast cancer risk.
Methods: Our cohort consisted of women who were pregnant between 1954-1963 in Helsinki,
Finland, 2,089 of which were eligible for the study. Pregnancy data were collected from patient
records of maternity centers. 123 subsequent breast cancer cases were identified through a
record linkage to the Finnish Cancer Registry, and the mean age at diagnosis was 56 years
(range 35 - 74). A sample of 979 women (123 cases, 856 controls) from the cohort was linked to
the Hospital Inpatient Registry to obtain information on the women's stay in hospitals.
Results: Mothers in the upper tertile of pregnancy weight gain (>15 kg) had a 1.62-fold (95% CI
1.03-2.53) higher breast cancer risk than mothers who gained the recommended amount (the
middle tertile, mean: 12.9 kg, range 11-15 kg), after adjusting for mother's age at menarche, age
at first birth, age at index pregnancy, parity at the index birth, and body mass index (BMI) before
the index pregnancy. In a separate nested case-control study (n = 65 cases and 431 controls),
adjustment for BMI at the time of breast cancer diagnosis did not modify the findings.
Conclusions: Our study suggests that high pregnancy weight gain increases later breast cancer
risk, independently from body weight at the time of diagnosis.
Background
Sensitivity of the breast to hormones and environmental exposures varies throughout a woman's
life span.[1] During pregnancy, the breast undergoes extensive changes in preparation for
lactation. High estrogenicity during pregnancy causes marked cellular proliferation, in both in the
normal and tumor cells. Normal breast cells differentiate to milk-secreting alveoli, while tumor
cells, if present, continue to multiple and eventually form a detectable tumor. These two events
probably explain the dual effect of pregnancy on breast cancer risk: pregnancy before age 20
reduces, whereas first pregnancy after age 30 increases, breast cancer risk.[2] In young women,
pregnancy may eliminate future targets for neoplastic changes by differentiating target cells;[3] the
breast tissue of older first time mothers is more likely to have acquired malignant cells that are
stimulated by high pregnancy hormonal environment.
Women whose pregnancy estrogen levels are elevated are at an increased risk of breast cancer.

For example, women who took the synthetic estrogen diethylstilbestrol (DES) during pregnancy
are at an increased risk of developing breast cancer,[4] as are women who suffered from severe
pregnancy nausea[5] or who gave birth to heavy newborns.[6] Both nausea in pregnancy and high
birth weight are linked to elevated pregnancy estrogen levels.[7,8] Conversely, pregnant women
having high alpha feto-albumin levels,[9,10] or suffering from hypertension or pre-eclampsia,[11,12]
exhibit a reduced risk. Alpha feto-protein has direct antiestrogenic activity and binds estrogens,
reducing their biological availability.[13,14] Hypertension during pregnancy is linked to reduced
estrogen and increased testosterone levels.[15] A recent study in which estrogen levels were
measured in stored blood samples of pregnant women later diagnosed with breast cancer,
provides direct evidence in support of high estrogen and low progesterone levels in increasing
maternal breast cancer risk.[16] However, some studies have failed to find an association between
pregnancy estrogen levels, determined indirectly, and maternal breast cancer risk.[11,17]
Adipose tissue aromatizes androgens to estrogens, and thus high body mass index (BMI) is
linked to elevated estrogen levels in postmenopausal women.[18] Some studies suggest that high
pregnancy weight gain may be associated with increased pregnancy estrogen levels,[19] although
this has not been confirmed in more recent studies.[20,21] The goal of this study was to determine
whether high pregnancy weight gain affects breast cancer risk.

Methods
The Cohort
The study population was a historic cohort of women pregnant between 1954 and 1963 in
Helsinki, Finland (n = 4,090). The cohort was a sample gathered for a study on hormone
exposure, including 2,022 exposed, 2,062 controls and 6 women with unknown hormone
exposure status. Information on the cohort was collected from the maternity cards of municipal
maternity centers, which are used by most pregnant Finnish women. The hormone-exposed
women had been prescribed estrogen or progestin drugs during pregnancy to prevent early
abortion or preterm delivery. For each exposed woman, a woman next in the maternity center file
who gave birth during the same year and had not been prescribed hormones during pregnancy,
was chosen as a control. The cohort has been previously prescribed in detail.[22,23] There were no
differences in breast or other estrogen-dependent cancers between hormone-exposed and
control mothers.[22] Visits to a private doctor were used as an indicator of socio-economic status,
since no information on education or occupation at the time of the index pregnancy was available.
Cancer cases were identified through a record linkage to the national cancer registry until June
2001. Mortality and emigration data were obtained from the population registry until August 2001.
The linkage between the cohort and the registries was based on a unique personal identification
number.
Inclusions and Exclusions
Inclusion criteria were the following: first and last visit at the maternity center between 4-45th
gestation weeks, the time between the body weight measurements 3-300 days, and delivery
between 22-45th gestation weeks. For each mother, the gestation week she gave birth was
determined by using the date of estimated timing of delivery. Women who did not fulfill these
criteria were excluded (Fig. 1). In addition, women with multiple births were excluded because
their weight gain is not comparable to that of mothers of singletons. Mothers with pre-eclampsia
or eclampsia were excluded because they accumulate weight as fluid retention during pregnancy,
and have been reported to have a reduced breast cancer risk.[11,12]

Figure 1.
Study population and exclusions

Pregnancy weight gain was first calculated as the difference between the first and last visit to
maternity center. However, this window varied considerably among included mothers (range 3295 days). The time-period of calculated weight gain was therefore adjusted by extrapolating a

described in detail in Additional File 1. After the unstable period of early pregnancy, a mother's
weight increases linearly.[24] Mothers usually begin to gain weight after the first trimester (e.g [25]).
We extrapolated the line separately for 0-15th (Line A) and 15-40th gestation weeks (Line B) for
each mother. Weight gain was extrapolated to continue until 40th gestation week for all mothers,
although 22.2% of mothers delivered at 39th gestation week or before.
For mothers for whom both Line A (n = 2,143) and Line B (n = 2,184) were available, total
pregnancy weight gain was calculated by adding the extrapolated weight gains from both periods.
Thus, total pregnancy weight gain could be extrapolated only for 2,089 women. Cases and
controls (66.5% vs 65.0%) did not differ concerning the number of available weight
measurements. For the rest of the women, either the first weight measurement was later than 24th
gestation week, the last weight measurement was before 30th gestation week, or information on
pre-pregnancy weight, weight at the first or the last visit, or timing of the visits was not available.
As indicated above, these subjects were excluded from the analyses.
We compared the characteristics of the mothers who were excluded (n = 2,001) to the
characteristics of the mothers in the final study population for whom total pregnancy weight gain
could be determined (n = 2,089). The two groups were similar in regard to breast cancer
incidence, age at menarche, height and the frequency of visits to a private doctor. However, the
excluded mothers were older (mean: 27.1 years vs. 26.5 years, p < 0.001), heavier (58.7 kg vs.
57.3 kg, p < 0.001; body mass index, BMI: 22.3 kg/m2 vs. 21.8 kg/m2, p < 0.001), older at first
birth (25.2 years vs. 24.7 years, p = 0.016), had more children during index pregnancy (1.92 vs.
1.81 at index birth, p < 0.001), and were more often exposed to estrogen or progestin drugs
(50.3% vs. 48.6%, p = 0.021). Their children were shorter (mean 49.3 cm vs. 50.3 cm, p < 0.001)
and weighed less (mean 3,310 g vs. 3,472 g, p < 0.001), suggesting that excluded mothers'
pregnancy weight gain might have been lower. It is probable that exclusion of these women had
no major effect on the findings.
The Case-control Study
A nested case-control study was performed to determine whether later weight development
confounded the association between pregnancy weight gain and breast cancer risk. A sample of
women was chosen from the final cohort (n = 2,089) that included all breast cancer cases with
data on pregnancy weight gain (n = 123). For each case, we chose seven randomly selected
controls (n = 856) who were born in the same year as the case. These 979 women were linked to
the Hospital Inpatient Registry to obtain information on the women's stays in hospitals. 117 cases
were identified with a hospital visit in average 0.4 months after breast cancer diagnosis (median
0.0, range from -16.3 to 17.2), and of these cases information on body weight and height was
available for 65 (53% of 123 cases). Among the controls, 699 had been a patient in a hospital at a
similar age than their respective cases (maximum difference ±5 years), and 431 of them had
weight and height available in the hospital archives (50% of 856 controls, 6.6 controls/case).
The breast cancer cases with no information on later body weight did not differ from the cases
used for the nested case-control analysis. The controls with no information on later body weight
were approximately 1.5 years older at the time of the hospital visit than the controls included to
the study (p = 0.027).
Statistical Analysis
Statistical significance of possible differences in baseline characteristics of the study population,
pregnancy weight gain and postpartum weight loss and weight retention by tertiles of pregnancy
weight gain was tested by using analysis of variance for continuous variables and χ2-test for
proportions. The incidence of breast cancer per 100,000 person years was counted by groups of
5 kg pregnancy weight gain, tertiles of pregnancy weight gain and tertiles of postpartum weight

retention. Person years were calculated from the delivery to the diagnosis of breast cancer or
other endpoint including death, emigration or end of the study.
The association between pregnancy weight gain and breast cancer risk was further examined
using a Cox regression model. Total pregnancy weight gain was included as a categorical
covariate (tertiles) in the model. Age at menarche, age at first birth, age at index pregnancy, BMI
before pregnancy, and parity (at index birth) were all used as continuous covariates in the model.
Postpartum weight retention 51 days after delivery (mean) was later added to the model.
The incidence of breast cancer was counted and the Cox regression model was carried out also
separately for pre- and postmenopausal breast cancers. Information on the age at menopause
was not available. Therefore all women were expected to have menopause at the age of 50
years.
In the case-control study, weight and BMI change between pre-pregnancy and at the time of later
hospital visit were compared between the tertiles of pregnancy weight gain (analysis of variance).
A Cox regression model that included later BMI was also used to analyze the data.

Results
In the cohort, 123 (5.9%) women developed breast cancer during the mean follow-up of 38.9
years. The mean age at diagnosis was 56.0 years (range 35-74). Background characteristics and
index pregnancies are described by tertiles of pregnancy weight gain in Table 1 . Low pregnancy
weight gain (<11 kg) was associated to slightly higher ages during index pregnancy, during first
pregnancy and at menarche, and to lower height, higher BMI before pregnancy, higher gestation
weeks at delivery, lower weight of the placenta, smaller infant and lower proportion of users of
estrogen drugs compared to women with higher pregnancy weight gain (11-15 kg or >15 kg).
Weight development during and after pregnancy is presented by tertiles of pregnancy weight gain
in Table 2 . Higher weight gain during pregnancy was associated to higher weight loss after
delivery, but also to higher weight retention and BMI at the postpartum check-up visit.
Breast Cancer Incidence per 100,000 Person Years
The mean BMI before pregnancy was 21.8 kg/m2 and the mean total extrapolated weight gain
during pregnancy was 13.3 kg (range -5.0-33.1 kg) in our cohort. Average pregnancy weight gain
(and range) was 13.1 kg (-3.0-33.1) among primiparas, 13.5 kg (1.9-30.7) among women who
gave birth to their second child and 13.2 kg (-5.0-32.4) among women who gave birth to at least
their third child. The incidence of breast cancer by 5 kg categories of total pregnancy weight gain
is shown in Table 3 . Higher pregnancy weight gain was associated with a higher incidence of
breast cancer. However, the number of women in some of the weight gain categories was small,
and therefore the statistical analyses were carried out in tertiles of total pregnancy weight gain (
Table 4 ). The incidence of breast cancer was significantly higher in mothers in the highest tertile
of pregnancy weight gain (15-33 kg), when compared to the middle tertile (11-15 kg) (p = 0.04).
Breast cancer incidence was lowest in the middle tertile, but no differences in the risk were seen
in the mothers of the lowest tertile of weight gain (less than 11 kg), when compared with the other
two categories.
All analyses were initially carried out separately for pre- and postmenopausal breast cancers. The
results for postmenopausal women were similar to the results for the whole cohort (results not
shown). The incidence of premenopausal breast cancer was too low for statistical analysis and
pre- and postmenopausal breast cancers were not separated further in the analyses. When these
analyses were restricted to mothers who delivered after 39th gestation week, results were similar

than in the whole cohort (results not shown).
The incidence of breast cancer was calculated separately for early (0-15th gestation weeks) and
later pregnancy weight gain (15-40th gestation weeks). Early pregnancy weight gain was not
associated with breast cancer risk. The impact of later pregnancy weight gain was similar to the
impact of total weight gain, but more modest (results not shown).
Multivariate Analysis
Both unadjusted and multivariate adjusted rate ratios and confidence intervals for the risk of
breast cancer are presented in Table 4 . In the Cox regression model, mothers in the highest
tertile of pregnancy weight gain (>15 kg) had a 1.62-fold higher risk for breast cancer compared
to mothers in the middle tertile (average weight gain 12.9 kg), when age at menarche, age at first
birth, age at index pregnancy, BMI before pregnancy and parity at index birth were included in the
model. To assess the sensitivity of these analyses, the lowest and highest weight gain groups
were used as reference groups. When the lowest weight gain group was the reference group, no
differences among the groups were seen. However, when the highest weight gain group was the
reference group, women with average weight gain had significantly lower risk of breast cancer
(multivariate adjusted RR 0.62, 95% CI 0.40-0.97).
When the middle tertile of weight gain was again used as the reference group and the analysis
was restricted to mothers who delivered after 39th week of gestation, the results were essentially
similar although statistically not significant (data not shown). The results did not either change
when adjusted additionally for the year of index birth. The increased breast cancer risk in the
highest tertile of pregnancy weight gain was found only for postmenopausal breast cancer
(relative risk, RR = 1.80, 95% confidence interval, CI 1.05-3.07, p = 0.03). The RR for
premenopausal cancer was 1.00 (95% CI 0.40- 2.48, p = 0.99). However, the number of
premenopausal breast cancer cases with the information on all variables in the model was too
low (n = 25) to yield sufficient power.
No statistically significant differences in breast cancer risk were observed between the tertiles of
postpartum weight retention, determined approximately 51 days after delivery ( Table 4 ).
Other Results
Later age at menarche was marginally related to a decreased risk of breast cancer (adjusted RR
= 0.99, 95% CI 0.97-1.00). Mother's age at the time of first pregnancy or at the index pregnancy,
parity at index birth or BMI before pregnancy were not statistically significantly associated with the
risk of breast cancer. The results were similar when height and weight were used as separate
variables in the model, instead of BMI.
Lower pre-pregnancy BMI was associated with higher weight gain during pregnancy (p < 0.001)
and higher postpartum weight retention (p = 0.003), but not with postpartum weight loss. The
differences in the incidence of breast cancer were not statistically significant between the prepregnancy BMI-categories.
The Case-control Study
Women who gained at least 15 kg weight during pregnancy had a higher BMI at the time of later
hospital visit (29 years after pregnancy in average) than women who gained <11 kg weight during
pregnancy (p = 0.021) ( Table 2 .). Changes in body weight (p < 0.001) and BMI (p < 0.001) were
also higher in women who gained 11-15 kg or >15 kg compared to women who gained <11 kg
during pregnancy. These findings are in agreement with earlier reports showing a link between

excessive pregnancy weight gain and becoming overweight/obese later on.[26,27]
The time window between pregnancy and assessment of BMI during later hospital visit was
similar among the tertiles of pregnancy weight gain (29.2 vs. 30.0 vs. 30.1 years, p = 0.397). In
the Cox regression model, women's later BMI at the time of diagnoses was not associated with
breast cancer risk (adjusted RR = 0.96, 95% CI 0.90-1.04). Further, results relating to pregnancy
weight gain and breast cancer risk were not altered by adding data on later BMI to the model (
Table 4 ). It is to be noted that since fewer women were included to this analysis, the effect of
pregnancy weight gain did not reach statistical significance.

Discussion
The results obtained in our study indicate that higher than recommended pregnancy weight gain
increased mothers' risk of developing breast cancer. Thus, women who gained more than 15 kg
during pregnancy had a 62% increase in breast cancer risk, compared to those who gained
between 11-15 kg. The Institute of Medicine (IOM) published their most recent recommendations
for pregnancy weight gain in 1990.[28] The recommended pregnancy weight gain in the USA is
11.5-16 kg for women with normal pre-pregnancy BMI; i.e., they are not obese or underweight.
Pregnancy weight gain recommendations are lower (7-11.5 kg) for overweight women and higher
(12.5-18 kg) for underweight women. As seen in Table 3 , the incidence of breast cancer in our
study was highest among women who gained more than 20 kg during pregnancy, suggesting that
the increase in risk may apply primarily to women at the most extreme range of pregnancy weight
gain.
An increase in breast cancer risk was seen mostly in women who were diagnosed with this
disease after age 50 and thus were postmenopausal. However, the number of premenopausal
breast cancers was low in the cohort, and we cannot exclude the possibility that pregnancy
weight gain may also increase the risk of premenopausal breast cancer.
Data generated in epidemiological studies rarely provide causal relationships. We propose four
different mechanisms that may link high pregnancy weight gain to a later increase in breast
cancer risk. First, weight retention in women who gained excessive amounts of weight during
pregnancy may have persisted into their postmenopausal years. Women prone to postpartum
weight retention might also be prone to long-lasting weight gain after pregnancy,[29] and high BMI
during postmenopausal years increases breast cancer risk.[26] To examine this possibility,
information on body weight at the time of breast cancer diagnosis was obtained. If the association
between pregnancy weight gain and breast cancer risk was affected by later weight development,
breast cancer cases should have had higher BMI at the time of diagnosis. As this was not the
case, we propose that high pregnancy weight gain increases breast cancer risk independently
from body weight at the time of diagnosis.
Another alternative is that women who gained an excessive amount of weight during pregnancy
may have had higher pregnancy hormone and growth factor levels than women who gained
within the recommended range, stimulating the growth of existing malignant cells in the breast,
leading to development of a detectable tumor. Several studies have shown that markers of high
pregnancy estrogen levels increase mother's breast cancer risk.[4-6,9-12,16] Estrogen levels may
correlate with high pregnancy weight gain,[19] but two recent studies have not confirmed this
observation.[20,21] Other possible hormones that could be mediating the effect of pregnancy weight
gain on breast cancer risk include leptin. Leptin levels correlate strongly with BMI,[27] also during
pregnancy,[30] and leptin is suggested to increase breast cancer risk.[31] We did not have any
biological samples available for hormone measurements.
It is known that high hormone levels increase the proliferation of normal breast cells that then is
accompanied by increased genomic instability and accumulation of DNA adducts.[16,32] Thus, the

third explanation is that high pregnancy weight gain increased the likelihood of DNA damage and
mutations in genes that initiate breast cancer. Since the window between index pregnancy and
diagnosis of breast cancer was approximately 30 years, there was enough time for the initiation to
have taken place during pregnancy.
Finally, known and unknown causes of breast cancer may have confounded the results. For
example, these causative factors might be more common in women who gain excessive amounts
of weight during pregnancy or they caused women to gain excessive amounts of weight during
pregnancy. A theoretical example is a gene mutation/polymorphism that could both make a
woman more prone to gain weight during pregnancy and increases breast cancer risk.
Methodological limitations have to be considered when interpreting the results, and they include
high rate of exclusion and an exposure to estrogenic drugs during pregnancy. Of the 4,090
women available for the study, 48.9 % were excluded for reasons listed in Figure 1 (109 of which
were diagnosed with breast cancer). Total pregnancy weight gain could be extrapolated only for
2,089 women, of which 123 had developed breast cancer. Other information on background and
index pregnancies indicated that the excluded women might have gained less weight during
pregnancy than the final study population (see chapter Inclusions and exclusions). However, we
found no evidence that breast cancer incidence was different between the women excluded and
included to the study.
Some women in our cohort had been exposed to synthetic estrogens during pregnancy to avoid a
threatening miscarriage, and this exposure might have affected the results. However, it was the
initial reason for obtaining information from pregnant women, and we found no effect of the drug
exposure on the incidence of breast cancer. We are not aware of any other cohort that could be
used to assess the link between pregnancy weight gain and breast cancer risk, but if such a
cohort becomes available, and it is not potentially compromised by high rate of exclusion of
subjects or an exposure to drugs during pregnancy, the present results can be either confirmed or
nullified. Follow-up of "old" cohorts similar to ours is rarely possible, making our study relatively
unique.
Another area of potential source for errors is the variability in time period between the weight
measurements during pregnancy (range 3-295 days), requiring us to extrapolate the pregnancy
weight gain for each woman. This step also has been successfully used in other studies.[33] A
further weakness of the study was that no information on weight gain in previous and subsequent
pregnancies was available. Therefore, we cannot exclude the possibility that a woman who did
not develop breast cancer and during the index pregnancy gained less than 15 kg, might have
had subsequent pregnancies that were characterized by excessive weight gain.
Finally, in the case-control study that determined the impact of body weight at the time of
diagnosis on breast cancer risk, information on this weight was obtained only for 53% of the
cases and 50% of the controls. However, the direction of bias rising from exclusion may have
diluted the effect, rather than caused it.
In conclusion, our findings suggest that excessive pregnancy weight gain increased later risk of
developing breast cancer. This association needs to be further confirmed in prospective studies.

Table 1. Background characteristics of index pregnancy, by tertiles of
estimated pregnancy weight gain. Means (and SD) or percentiles are shown.

Pregnancy weight gain (kg)
< 11 (n =
696)

11-15 (n =
697)

pvalue

>15 (n =
696)

Background
Mother's age (year)1
Mother's age at first birth (years)

27.0 (5.3)

26.2 (4.9)2

26.2 (5.0)2

0.006

25.2 (4.8)

2

2

0.003

Married (%)1
Visits to a private doctor (%)

24.5 (4.4)

97

98

98

0.720

49

45

51

0.053

161.2 (5.5)

2

23

<0.001

1

Mother's height (cm)

24.4 (4.4)

162.0 (5.2)

162.9 (5.2)

Mother's body mass index before
pregnancy (kg/m2)

22.3 (2.9)

21.6 (2.3)2

21.6 (2.5)2 <0.001

Mother's age at menarche (year)

14.2 (1.6)

13.9 (1.6)2

13.8 (1.6)2 <0.001

94

93

95

0.296

1.8 (1.1)

1.8 (1.0)

1.8 (1.1)

0.896

40.6 (2.2)

40.4 (2.1)

Exposed to estrogens (%)

45

49

Weight of the placenta (g)4

603 (112)

634 (124)2

661(205)23 <0.001

Infant height (cm)4

50.0 (2.3)

50.3 (2.1)

50.6 (2.5)23 <0.001

3,376 (514)

3,466 (504)2

3,577(544)23 <0.001

5

3

Regular menstrual cycles (%)
Parity (at index birth)
Index pregnancy
Gestation weeks at delivery (week)

Infant weight (g)
Low birth weight (%)

40.2 (2.2)2 <0.001
52

0.040

3

0.305

1

at the time of index pregnancy
a statistically significant difference compared to the lowest tertile (<11 kg)
3
a statistically significant difference compared to the middle tertile (11-15 kg)
4
total n = 2,055-2,089, except for placental weight (n = 1,217) and infant height (n = 2,006)
2

Table 2. eight gain during and after pregnancy by tertiles of estimated
pregnancy weight gain. Means (and 95% confidence intervals) are shown.

Pregnancy weight gain (kg)
< 11 (n =
696)

11-15 (n =
697)

>15 (n = 696)

8.6 (8.5-8.8)

12.9 (12.913.0)

18.2 (18.018.4)

pvalue

Mother's weight gain (kg)
Total weight gain, weeks 0-40

<0.001

Weight after delivery1
Weight change from 40th week (kg)

-7.4 (-7.7 - 7.2)

-8.8 (-9.0 - 8.6)

-10.6 (-10.9 - 10.3)

<0.001

Weight compared to pre- pregnancy
weight (kg)

+1.3 (1.01.6)

+4.1 (3.84.3)

+7.6 (7.3-8.0)

<0.001

22.6 (22.422.9)

23.2 (22.923.4)

24.4 (21.124.6)

<0.001

Weight at the hospital visit2

(n = 167)

(n = 170)

(n = 159)

Change from pre-pregnancy weight
(kg)

+ 6.4 (5.17.8)

+10.4 (9.011.9)

+12.5 (10.814.3)

<0.001

25.0 (24.325.6)

25.6 (25.026.2)

26.3 (25.627.0)

0.021

+ 2.4 (1.93.0)

+ 4.0 (3.44.6)

+ 4.8 (4.1-5.4)

<0.001

BMI (kg/m2)

BMI (kg/m2)
Change from pre-pregnancy BMI
(kg/m2)
1
2

on postpartum day 51, range 40-78, total n = 1,314-1,713
29 years after pregnancy in average, range 9-47

Table 3. Breast cancer incidence (per 100,000 person years, py) by estimated
total weight gain (weeks 0-40).

Weight gain (kg) Breast cancer cases (n) Number of women Py 171 Incidence 0
<0

0

4

0-4.99

1

42

1,677

60

5-9.99

23

423

16,614

138

10-14.99

53

954

37,266

1421

15-19.99

33

508

19,498

169

≥20

13

158

6,086

213

total

123

2,089

81,312

151

1

Breast cancer incidence was exceptionally high (200 per 100,000) in mothers who gained 1010.99 kg during pregnancy.

Table 4. Incidence (per 100,000 person years) and unadjusted and adjusted
rate ratios (RR)1 and confidence intervals (CI) on the Cox model for breast
cancer by tertiles of estimated total weight gain (kg) in pregnancy (weeks 0–
40), and by tertiles of postpartum weight retention.

Breast
cancer
cases

Number of
pwomen
Incidence value

Unadjusted
RR (95% CI)

Adjusted
RR (95% CI)1

0.09

Pregnancy
weight gain (kg)
<11

39

696

143

1.18 (0.74–
1.88)

1.11 (0.68–
1.83)

11–15

33

697

121

1.00 (ref.)

1.00 (ref.)

> 15

51

696

190

1.59 (1.03–
2.47)

1.62 (1.03–
2.53)

0.33

Postpartum
weight retention
(kg)2
<3

26

558

121

1.00 (ref.)

1.00 (ref.)

3–5

35

539

170

1.29 (0.72–
2.34)

1.36 (0.73–
2.54)

>5

35

545

170

1.54 (0.87–
2.74)

1.56 (0.85–
2.86)

Pregnancy weight gain (kg), case-control study3
<11

19

167

-

-

1.01 (0.54–
1.91)

0.95 (0.49–
1.84)

11–15

19

170

-

-

1.00 (ref.)

1.00 (ref.)

> 15

27

159

-

-

1.50 (0.83–
2.69)

1.48 (0.81–
2.69)

1

Adjusted for age at menarche, age at first birth, age at index pregnancy, parity (at index birth)
and body mass index (BMI) before pregnancy. For the RR for postpartum weight retention,
adjusted also for pregnancy weight gain (weeks 0–40).
2
Weight on postpartum day 51, range 40–78, compared to pre-pregnancy weight.
3
Adjusted for age at menarche, age at first birth, age at index pregnancy, parity (at index birth),
BMI before pregnancy, and BMI during the hospital visit in average 29 years after pregnancy.

References
1. Hilakivi-Clarke L, Cabanes A, Olivo S, Kerr L, Bouker KB, Clarke R: Do estrogens
always increase breast cancer risk? J Steroid Biochem Mol Biol 2002, 80:163-174.
2. MacMahon B, Cole P, Lin TM, Lowe CR, Mirra AP, Ravnihar B, Salber EJ, Valaoras VG,
Yuasa S: Age at first birth and breast cancer. Bull World Health Organ 1970, 43:209221.
3. Russo J, Romero AL, Russo IH: Architectural pattern of the normal and cancerous
breast under the influence of parity. Cancer Epidemiol Biomarkers Prev 1994, 3:219-

224.
4. Titus-Ernstoff L, Hatch EE, Hoover RN, Palmer J, Greenberg ER, Ricker W, Kaufman R,
Noller K, Herbst AL, Colton T, Hartge P: Long-term cancer risk in women given
diethylstilbestrol (DES) during pregnancy. Br J Cancer 2001, 84:126-133.
5. Enger SM, Ross RK, Henderson B, Bernstein L: Breastfeeding history, pregnancy
experience and risk of breast cancer. Br J Cancer 1997, 76:118-123.
6. Wohlfahrt J, Melbye M: Maternal risk of breast cancer and birth characteristics of
offspring by time since birth. Epidemiology 1999, 10:441-444.
7. Depue RH, Bernstein L, Ross RK, Judd HL, Henderson BE: Hyperemesis gravidarum in
relation to estradiol levels, pregnancy outcome, amd other maternal factors: a
seroepidemiologic study. Am J Obstet Gynecol 1987, 156:1137-1141.
8. Moore TR, Reiter RC, Rebar RW, Baker VV: Gynecology and Obstetrics. New York:
Churchill Livingstone; 1993.
9. Melbye M, Wohlfahrt J, Lei U, Norgaard-Pedersen B, Mouridsen HT, Lambe M, Michels
KB: Alpha-fetoprotein levels in maternal serum during pregnancy and maternal breast
cancer incidence. J Natl Cancer Inst 2000, 92:1001-1005.
10. Richardson BE, Hulka BS, Peck JL, Hughes CL, van den Berg BL, Christianson RE,
Calvin JA: Levels of maternal serum alpha-fetoprotein (AFP) in pregnant women and
subsequent breast cancer risk. Am J Epidemiol 1998, 148:719-727.
11. Richardson BE, Peck JD, Wormuth JK: Mean arterial pressure, pregnancy-induced
hypertension, and preeclampsia: evaluation as independent risk factors and surrogates
for high maternal serum alpha-fetoprotein in estimating breast cancer risk. Cancer
Epidemiol Biomarkers Prev 2000, 9:1349-1355.
12. Hsieh C, Pavia M, Lambe M, Lan SJ, Colditz GA, Ekbom A, Adami HO, Trichopoulos D,
Willett WC: Dual effect of parity on breast cancer risk. Eur J Cancer 1994, 30A:969-973.
13. Allen SH, Bennett JA, Mizejewski GJ, Andersen TT, Ferraris S, Jacobson HI:
Purification of alpha-fetoprotein from human corad serum with demonstration of its
antiestrogenic activity. Biochim Biophys Acta 1993, 1202:135-142.
14. Vakharia D, Mizejewski GJ: Human alpha-fetoprotein peptides bind estrogen receptor
and estradiol, and suppress breast cancer. Breast Cancer Res Treat 2000, 63:41-52.
15. Acromite MT, Mantzoros CS, Leach RE, Hurwitz J, Dorey LG: Androgens in
preeclampsia. Am J Obstet Gynecol 1999, 180:60-63.
16. Peck JD, Hulka BS, Poole C, Savitz DA, Baird D, Richardson BE: Steroid hormone
levels during pregnancy and incidence of maternal breast cancer. Cancer Epidemiol
Biomarkers Prev 2002, 11:361-368.
17. Troisi R, Weiss HA, Hoover RN, Potischman N, Swanson CA, Brogan DR: Pregnancy
characteristics and maternal risk of breast cancer. Epidemiology 1998, 9:641-647.
18. McTiernan A, Rajan KB, Tworoger SS, Irwin M, Bernstein L, Baumgartner R, Gilliland F,
Stanczyk FZ, Yasui Y, Ballard-Barbash R: Adiposity and sex hormones in
postmenopausal breast cancer survivors. J Clin Oncol 2003, 21:1961-1966.
19. Petridou E, Katsouyanni K, Hsieh C, Antsaklis A, Trichopoulos D: Diet, pregnancy
estrogens and their possible relevance to cancer risk in the offspring. Oncology 1992,
49:127-132.
20. Yang CY, Meng CL: Regulation of PG synthase by EGF and PDGF in human oral,
breast, stomach, and fibrosarcoma cancer cell lines. J Dent Res 1994, 73:1407-1415.
21. Wuu J, Hellerstein S, Lipworth L, Wide L, Xu B, Yu GP, Kuper H, Lagiou P, Hankinson
SE, Ekbom A, Carlstrom K, Trichopoulos D: Correlates of pregnancy oestrogen,
progesterone and sex hormone-binding globulin in the USA and China. Eur J Cancer
Prev 2002, 11:283-293.
22. Hemminki E, Gissler M, Toukomaa H: Exposure to female hormone drugs during
pregnancy: effect on malformations and cancer. Br J Cancer 1999, 80:1092-1097.
23. Hemminki E, Gissler M, Merilainen J: Reproductive effects of in utero exposure to
estrogen and progestin drugs. Fertil Steril 1999, 71:1092-1098.
24. Siega-Riz AM, Adair LS, Hobel CJ: Institute of Medicine maternal weight gain
recommendations and pregnancy outcome in a predominantly Hispanic population.

Obstet Gynecol 1994, 84:565-573.
25. Carmichael S, Abrams B, Selvin S: The pattern of maternal weight gain in women with
good pregnancy outcomes. Am J Public Health 1997, 87:1984-1988.
26. Yong LC, Brown CC, Schatzkin A, Schairer C: Prospective study of relative weight and
risk of breast cancer: the Breast Cancer Detection Demonstration Project follow-up
study, 1979 to 1987-1989. Am J Epidemiol 1996, 143:985-995.
27. Ostlund RE Jr, Yang JW, Klein S, Gingerich R: Relation between plasma leptin
concentration and body fat, gender, diet, age, and metabolic covariates. J Clin
Endocrinol Metab 1996, 81:3909-3913.
28. Institute of Medicine: Nutrition during pregnancy, weight gain and nutrient supplements.
Report of the Subcommittee on Nutritional Status and Weight Gain during Pregnancy,
Subcommittee on Dietary Intake and Nutrient Supplements during Pregnancy, and
Committee on Nutritional Status during Pregnancy and Lactation, Food and Nutrition
Board.Washington DC, National Academic Press; 1990.
29. Rossner S, Ohlin A: Pregnancy as a risk factor for obesity: lessons from the Stockholm
Pregnancy and Weight Development Study. Obes Res 1995, 3(Suppl 2):267s-275s.
30. Stock SM, Sande EM, Bremme KA: Leptin levels vary significantly during the menstrual
cycle, pregnancy, and in vitro fertilization treatment: possible relation to estradiol. Fertil
Steril 1999, 72:657-662.
31. Hu X, Juneja SC, Maihle NJ, Cleary MP: Leptin - a growth factor in normal and
malignant breast cells and for normal mammary gland development. J Natl Cancer Inst
2002, 94:1704-1711.
32. Liehr JG: Is estradiol a genotox mutagenic carcinogen? Endocr Rev 2000, 21:40-54.
33. Olson CM, Strawderman MS: Modifiable behavioral factors in a biopsychosocial model
predict inadequate and excessive gestational weight gain. J Am Diet Assoc 2003,
103:48-54.

Sidebar: Additional Material
Additional File 1
Calculations of line a and line b for each mother. Click here for file
[http://www.biomedcentral.com/content/supplementary/1472-6874-4-7-S1.doc]

Funding Information

The work was supported by grants to LH-C from NCI (5 RO1 CA89950-02), the Susan G. Komen
Breast Cancer Research Foundation (9847), Breast Cancer Research Foundation (BCRA-01)
and Department of Defense (DAMD17-99-1-9196).
Disclaimer
This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.
Abbreviation Notes
DES = diethylstilbestrol; BMI= body mass index

Tarja I Kinnunen,1, 2 Riitta Luoto,1, 2 Mika Gissler,3 Elina Hemminki,3 and Leena HilakiviClarke,4
1

Tampere School of Public Health, 33014 University of Tampere, Finland; 2UKK Institute, PL 30,
33501 Tampere, Finland; 3National Research and Development Centre for Welfare and Health,
PL 220, 00531 Helsinki, Finland; 4Lombardi Cancer Center and Department of Oncology,
Georgetown University, 3970 Reservoir Rd, NW, Washington, DC 20057, USA
Competing Interests: The author(s) declare that they have no competing interests.
Authors' Contributions: TK: PhD student who collected and put together all the material for the
study, managed the data and did statistical analysis, and participated in writing the manuscript.
MG: Participated in statistical analysis of the data and writing the manuscript.
EH: Collected the original data base of pregnant women and was in charge of linking the data
base to cancer registry, participated in statistical analysis planning and writing the manuscript.
RL: Generated the idea of testing the hypothesis in the Hemminki data base, and participated in
all stages of the study and in writing the manuscript.
LH-C: Generated the hypothesis, obtained funding for the study, and was in charge of writing the
manuscript.

