
LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00

Excessive milk production during breast-feeding prior to breast cancer diagnosis is
associated with increased risk for early events.

Gustbée, Emma; Anesten, Charlotte; Markkula, Andrea; Simonsson, Maria; Rose, Carsten;
Ingvar, Christian; Jernström, Helena
Published in:
SpringerPlus

DOI:
10.1186/2193-1801-2-298

2013

Link to publication

Citation for published version (APA):
Gustbée, E., Anesten, C., Markkula, A., Simonsson, M., Rose, C., Ingvar, C., & Jernström, H. (2013). Excessive
milk production during breast-feeding prior to breast cancer diagnosis is associated with increased risk for early
events. SpringerPlus, 2(1), Article 298. https://doi.org/10.1186/2193-1801-2-298

Total number of authors:
7

General rights
Unless other specific re-use rights are stated the following general rights apply:
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
 • Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain
 • You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

https://doi.org/10.1186/2193-1801-2-298
https://portal.research.lu.se/en/publications/fd50142c-bdac-42ca-a9cc-6a544e6f29d5
https://doi.org/10.1186/2193-1801-2-298


Download date: 08. Dec. 2025



RESEARCH Open Access

Excessive milk production during breast-feeding
prior to breast cancer diagnosis is associated with
increased risk for early events
Emma Gustbée1, Charlotte Anesten1, Andrea Markkula1, Maria Simonsson1, Carsten Rose2, Christian Ingvar3

and Helena Jernström1*

Abstract

Breast-feeding is a known protective factor against breast cancer. Breast-feeding duration is influenced by hormone
levels, milk production, and lifestyle factors. The aims were to investigate how breast-feeding duration and milk
production affected tumor characteristics and risk for early breast cancer events in primary breast cancer patients.
Between 2002 and 2008, 634 breast cancer patients in Lund, Sweden, took part in an ongoing prospective cohort
study. Data were extracted from questionnaires, pathology reports, and patients’ charts from 592 patients without
preoperative treatment. Breast-feeding duration ≤12 months of the first child was associated with higher frequency
of ER+/PgR+ tumors (P=0.02). Median follow-up time was 4.9 years. Higher risk for early events was observed for
breast-feeding duration of first child >12 months (LogRank P=0.001), total breast-feeding duration >12 months
(LogRank P=0.008), as well as ‘excessive milk production’ during breast-feeding of the first child (LogRank P=0.001).
Patients with ‘almost no milk production’ had no events. In a multivariable model including both ‘excessive milk
production’ and breast-feeding duration of the first child >12 months, both were associated with a two-fold risk for
early events, adjusted HRs 2.33 (95% CI: 1.25-4.36) and 2.39 (0.97-5.85), respectively, while total breast-feeding
duration was not. ‘Excessive milk production’ was associated with a two-fold risk of early distant metastases,
adjusted HR 2.59 (1.13-5.94), but not duration. In conclusion, ‘excessive milk production’ during breast-feeding was
associated with higher risk for early events independent of tumor characteristics, stressing the need to consider
host factors in the evaluation of prognostic markers.
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Introduction
Breast cancer is the most common type of cancer among
women in Sweden with nearly 8000 cases reported every
year (The National Board of Health and Welfare 2011a).
Breast cancer specific mortality is approximately 1500
women per year in Sweden (The National Board of Health
and Welfare 2011b). Risk factors that influence the
incidence of breast cancer may also affect survival
after diagnosis (Barnett et al. 2008). Increased under-
standing of how lifestyle factors affect prognosis and
tumor characteristics may contribute to better
treatment.

Data from >50 000 breast cancer cases and >95 000
controls reveal that each year of breast-feeding de-
creases the risk by 4.3% (Collaborative Group on
Hormonal Factors in Breast Cancer 2002), while
others reported no overall association between breast-
feeding and breast cancer (Michels et al. 1996). In
women with BRCA1 mutations, one year of breast-
feeding was associated with between 32% and 45% de-
crease in the risk (Jernström et al. 2004; Kotsopoulos
et al. 2012). Shorter breast-feeding duration has been
associated with several factors such as BRCA1 mutations
(Jernström et al. 1998), body mass index (BMI) >30
(Guelinckx et al. 2011), and smoking (Hietala et al. 2008;
Donath & Amir 2004). Low milk production has been asso-
ciated with shorter duration of breast-feeding (Hietala et al.
2008; Gatti 2008). Whether insufficient milk production is
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associated with breast cancer risk is still unclear according
to a review (Cohen et al. 2009). A murine model has sug-
gested a link between breast tumor cells and insufficient
maternal milk supply (Cohen et al. 2009; Lazar et al. 2000).
The protective effect of breast-feeding, in high-risk BRCA1
mutation carriers as well as women in general, is thought
to be mediated in part by the decrease in post-lactational
prolactin levels (Hietala et al. 2008), as well as a decrease in
free testosterone levels (Nagata et al. 2011). One study
showed that post-lactational prolactin levels were deter-
mined by breast-feeding duration of the first child and not
simply by the first full-term pregnancy (Hietala et al. 2008).
Additional pregnancies and prolonged total breast-feeding
duration did not seem to further lower the hormonal levels
(Hietala et al. 2008; Nagata et al. 2011). Women who
reported insufficient milk production had higher prolactin
levels (Hietala et al. 2008). The effect of milk production
per se as opposed to breast-feeding duration on breast can-
cer is unknown. Prolactin increases the risk of breast cancer
(Tworoger et al. 2007) and can promote cell proliferation
and survival, increase cell motility, and support tumor
vascularization (Tworoger & Hankinson 2006). However, in
breast cancer cells, prolactin has also been implicated as an
invasion suppressor hormone (Nouhi et al. 2006).
According to two previous studies, there was no association
between total breast-feeding duration and breast cancer
survival (Trivers et al. 2007; Alsaker et al. 2011). To our
knowledge, the effect of milk production on breast cancer-
free survival has not been previously studied.
The breast is a dynamic tissue that develops

throughout pregnancy, childbirth and lactation (Ged-
des 2007). Breast-feeding affects the lobulo-alveolar
breast tissue and is associated with fewer type 1 lob-
ules, which are rich in ER+ receptors (Russo et al.
2000). ER+ tumors grow more slowly and relapse
later than ER– tumors (Osborne et al. 1980). The as-
sociation between milk production and tumor charac-
teristics or prognosis of women who subsequently
develop breast cancer are unclear. Some studies have
addressed the association between tumor characteris-
tics and breast-feeding duration. Three studies
reported that long breast-feeding was rare in patients
with ER-/PgR- breast cancer (Palmer et al. 2011), or
with triple negative breast cancer (Redondo et al.
2012; Gaudet et al. 2011). Others reported that longer
breast-feeding was associated with reduced risk of
basal-like breast cancer (Millikan et al. 2008), or that
breast-feeding was a protective factor for luminal sub-
type when compared to non-luminal breast cancer
(Turkoz et al. 2013).
The aims of the study were to investigate whether

breast-feeding duration and milk production were as-
sociated with the tumor characteristics and prognosis
of women who subsequently developed breast cancer.

Material and methods
Between October 2002 and October 2008, women diag-
nosed with a first breast cancer at Skåne University Hos-
pital in Lund, Sweden were invited to participate in an
ongoing prospective study that focuses on how lifestyle
factors influence prognosis and treatment response. Pa-
tients that had been treated for another cancer during
the last 10 years were excluded. The study was approved
by the Lund University Ethics Committee (Dnr LU75-02
& LU37-08). All participating patients signed informed
consents. Six hundred and thirty four patients were in-
cluded in the study during this period. Forty-two were
excluded because of pre-operative treatment that may
have affected tumor characteristics, leaving 592 pre-
operatively untreated women. The follow-up rates of the
patients without preoperative treatment who were alive
and breast cancer-free were as follows for the 9, 7, 5,
and 3-year: 80.0, 86.3, 92.6, and 93.5 %, respectively. An-
other 89 women were nulliparous and were excluded
from the analyses regarding breast-feeding and milk
production.
Patients received a pre-operative questionnaire on life-

style and reproductive factors. The question regarding
the duration of breast-feeding of each child was open.
When the patient responded with an interval (e.g. 3–5
months), the highest value was used. In case of twins,
only breast-feeding duration for one child was used. In
regards to milk production for each child, the women
were asked to pick between four alternatives: ‘almost no
milk’, ‘insufficient’, ‘adequate’ or ‘excessive’. There was no
question as to why a woman stopped breast-feeding.
The question about smoking habits enquired whether
the patients were currently smoking regularly, occasion-
ally at parties, or not at all. A trained research nurse
took body measurements, including weight, height,
breast volume, and hip- and waist circumference. The
nurse measured the volume of each breast, as previously
described (Ringberg et al. 2006). After 3–6 months, 1, 2,
3, 5, 7, and 9 years, the patients received follow-up
questionnaires.
Tumor characteristics were retrieved from pathology

reports and included invasive tumor size, number of ax-
illary lymph nodes involved, distant metastases and
histologic grade. The expression of hormone receptors
ER and PgR were analyzed. Tumors with >10% positive
nuclear staining, were considered receptor positive
(Bågeman et al. 2008; Jernström et al. 2009). Survival
status and date of death were collected from the Swedish
Population Registry. Clinical data including breast can-
cer events were obtained from patients’ charts.

Statistics
SPSS Statistics 19 (IBM, Chicago, IL, USA) was used to
analyze the data. Certain factors were not normally
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distributed. Year of birth was divided into three inter-
vals, 1903–1940, 1941–1954 and 1955+, due to differing
patterns of breast-feeding over time (The National Board
of Health and Welfare 2010). Age at diagnosis was di-
chotomized, younger than 50 years versus 50 years and
older and was also used as a proxy variable for meno-
pause. It was not possible determine the exact age of
menopause in patients who reported previous hormone
therapy use and had hormone induced bleedings as well
as in patients who reported hysterectomies without
oophorectomies.
Breast-feeding duration of the first child was dichoto-

mized into two groups, with the cut-point ≤12 months.
Total breast-feeding duration for all children was also
dichotomized, with the cut-point ≤12 months. Milk pro-
duction was analyzed as a categorical variable including
‘almost no milk’, ‘insufficient, ‘adequate’ or ‘excessive’.
The Chi-square test was used to analyze breast-feeding
and milk production in relation to categorized variables.
Reproductive factors included parity, age at first birth,
breast-feeding duration, and amount of milk production
for each child. Parity was classified as; 0, 1, 2, ≥3 chil-
dren. Age at first birth was divided into four groups;
<20, 20–24, 25–29, and ≥30 years.
BMI was stratified according to <25 kg/m2 (yes/no).

Waist Hip Ratio (WHR) was defined as ≤0.85 (yes/no)
(World Health Organization 2006; World Health
Organization 2008). Breast volume was dichotomized as
<850 ml or ≥850 ml (Markkula et al. 2012). Current
smoking was defined as ‘yes’ or ‘no’. Women who
reported smoking occasionally at parties were classified
as smokers.
Disease-free survival was defined as absence of breast

cancer events until the day of the last study follow-up or
death, before January 1st, 2012. An event was classified
as the occurrence of new breast cancer, local recurrence,
regional or distant metastases. Patients with carcinoma
in situ (n = 14) or a breast cancer event before three
months after inclusion in study (n = 2) were excluded
from the survival analyses. After excluding these patients
and nulliparous patients, there were 64 breast cancer
events including 39 distant metastases.
Survival in relation to breast-feeding duration >12

months (yes/no) and milk production for the first child
‘excessive’ (yes/no) was analyzed using Kaplan-Meier
Log-Rank tests. Adjusted Hazard Ratios (HR) were ana-
lyzed using Cox regression. Adjustments were made for
invasive tumor size (>20mm or muscular or skin in-
volvement), any axillary lymph node involvement, ER
and PgR status (positive/negative), and age (continuous),
age at first full-term pregnancy (continuous), time since
last full-term pregnancy (continuous), current smoking
(yes/no), BMI <25 kg/m2 (yes/no), type of surgery in-
cluding any reoperation modified radical mastectomy

(yes/no), and treatment; tamoxifen (yes/no), aromatase
inhibitor (yes/no), chemotherapy (yes/no), radiation
therapy (yes/no).
The P-values were two-tailed and considered signifi-

cant when <0.05. Nominal P-values were presented with-
out adjustment for multiple testing.

Results
Patient characteristics
Characteristics of the 592 patients, regarding breast-
feeding duration and milk production, are presented in
Tables 1 and 2. The median value for year of birth for all
women was 1945 (range 1903 to 1977). The median age
of diagnosis was 59.9 years (range 25.8 to 99.9). As
presented in Table 1, a significantly higher median age at
first birth was seen among the women who had breast-
fed their first child >12 months (P=0.02), compared to
women with shorter breast-feeding duration, 29 years
versus 24 years, respectively. The group of patients with
a total breast-feeding duration of >12 months had a sig-
nificantly lower percent of current smokers compared to
the group with a total breast-feeding duration of ≤12
months (P=0.004). The median time since first preg-
nancy was 35.6 (range 0.8 to 80.9) years and the median
time since last pregnancy was 30.9 (range 0.8 to 70.9)
years.
As presented in Table 2, a lower age at diagnosis was

significantly associated with a greater milk production
(Ptrend=0.004). Milk production was not associated with
other patient characteristics. Both longer breast-feeding
duration of the first child and longer total breast-feeding
duration were significantly associated with greater milk
production while breast-feeding the first child
(Ptrend=0.001) and (Ptrend<0.0001), respectively.

Tumor characteristics
Table 3 presents the tumor characteristics of the 592 pa-
tients, in relation to breast-feeding duration. Shorter
breast-feeding duration of the first child was associated
with a higher frequency of ER+/PgR+ tumors (P=0.02).
There was also a significant association between PgR+
tumors and shorter breast-feeding duration of the first
child (P=0.02). ER–/PgR– tumors were more common
among women who had breast-fed their first child >12
months, but this was not significant (P=0.09). The num-
ber of axillary lymph nodes involved was non-
significantly higher among patients who had breast-fed
their first child >12 months (Ptrend=0.09). Milk produc-
tion was not associated with tumor characteristics,
Table 4.

Risk for early breast cancer events
Risk for early breast cancer events was analyzed in rela-
tion to breast-feeding duration of the first child
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Table 1 Patient characteristics in relation to self-reported breast-feeding duration

Table 1 All
patients Nulliparous Breastfeeding duration of

first child ≤12 months
Breastfeeding duration of
first child >12 months

Ptrend or
Chi-square, P

Total breastfeeding
duration ≤12 months

Total breastfeeding
duration >12 months

Ptrend or
Chi-square, P

n=592 n=89 n=476 n=20 n=325 n=178

n
(percent) n (percent) n (percent) n (percent) n (percent) n (percent)

Year of birth

1903-1940 171 (28.9%) 24 (27%) 14 (29.8%) 4 (20.0%) 95 (29.2%) 52 (29.2%)

1941-1954 286 (48.3%) 47 (52.8%) 224 (47.1%) 10 (50.0%) 0.31 162 (49.8%) 77 (43.3%) 0.31

1955+ 135 (22.8%) 18 (20.2%) 110 (23.1%) 6 (30.0%) 68 (20.9%) 49 (27.5%)

Age at diagnosis (years)

<50 120 (20.3%) 17 (19.1%) 98 (20.6%) 4 (20.0%) 1df; 0.95 63 (19.4%) 40 (22.5%) 1df; 0.41

≥50 472 (79.7%) 72 (80.9%) 378 (79.4%) 16 (80.0%) 262 (80.6%) 138 (77.5%)

Body Mass Index (BMI), (kg/m-
2)

<25 312 (53.0%) 51 (57.3%) 244 (51.6%) 13 (65.0%) 167 (51.5%) 94 (53.4%)

≥25-<30 182 (30.9%) 22 (24.7%) 154 (32.6%) 4 (20.0%) 0.40 106 (32.7%) 54 (30.7%) 0.81

≥30 95 (16.1%) 16 (18.0%) 75 (15.9%) 3 (15.0%) 51 (15.7%) 28 (15.9%)

Missing 3 0 3 0 0 2

Waist-Hip-Ratio (WHR)

≤0,85 340 (57.6%) 51 (58.0%) 274 (57.7%) 11 (55.0%) 1df;0.81 183 (56.5%) 106 (59.6%) 1df; 0.51

>0,85 250 (42.4%) 37 (42.0%) 201 (42.3%) 9 (45.0%) 141 (43.5%) 72 (40.4%)

Missing 2 1 1 0 1 0

Breast volume (ml)

<850 219 (37.0%) 33 (37.1%) 176 (37.0%) 8 (40.0%) 1df; 0.86 120 (36.9%) 66 (37.1%) 1df; 0.42

≥850 292 (49.3%) 40 (45.0%) 239 (50.2%) 10 (50.0%) 153 (47.1%) 99 (55.6%)

Missing* 81 16 61 2 52 13

Current smoking

Yes 130 (22%) 24 (27.0%) 101 (21.2%) 2 (10.0%) 1df; 0.23 81 (24.9%) 25 (14.0%) 1df; 0.004

No 462 (78%) 65 (73.0%) 375 (78.8%) 18 (90.0%) 244 (75.1%) 153 (86.0%)

Parity

0 89 (15.0%) 89 (100%) 0 0 0 0

1 91 (15.4%) 84 (17.6%) 6 (30.0%) 85 (26.2%) 6 (3.4%)

2 253 (42.7%) 240 (50.4%) 10 (50.0%) 0.12 186 (57.2%) 67 (37.6%) <0.0001

3+ 159 (26.9%) 152 (31.9%) 4 (20.0%) 54 (16.6%) 105 (59.0%)
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Table 1 Patient characteristics in relation to self-reported breast-feeding duration (Continued)

Age at first birth, years**

<20 62 (12.4%) 59 (12.4%) 3 (10.0%) 43 (13.3%) 19 (10.8%)

20-24 187 (37.4%) 179 (37.8%) 5 (25.0%) 0.03 130 (40.1%) 57 (32.4%) 0.08

25-29 175 (35.0%) 168 (35.4%) 5 (25.0%) 104 (32.1%) 71 (40.3%)

30+ 76 (15.2%) 68 (14.3%) 8 (40.0%) 47 (14.5%) 29 (16.5%)

Missing 3 2 0 1 2

Milk production of first child **

Almost no milk 25 (5.2%) 24 (5.3%) 0 23 (7.5%) 2 (1.2%)

Too little milk 129 (27.0%) 128 (28.3%) 0 106 (34.5%) 23 (13.5%)

Adequate amount of milk 245 (51.3%) 229 (50.6%) 13 (65.0%) 0.001 137 (44.6%) 108 (63.2%) <0.0001

Too much milk 79 (16.5%) 72 (15.9%) 7 (35.0%) 41 (13.4%) 38 (22.2%)

Missing 25 23 0 18 7

* Data missing or previous breast surgery.
** Among parous women.

G
ustbée

et
al.SpringerPlus

2013,2:298
Page

5
of

15
http://w

w
w
.springerplus.com

/content/2/1/298



Table 2 Patient characteristics in relation to self-reported milk production of the first child

Table 2
All

patients Nulliparous
Milk production of first
child -Almost no milk

Milk production of first
child -Insufficient

Milk production of first
child -Adequate

Milk production of first
child -Excessive Ptrend

n=592 n=89 n=25 n=129 n=245 n=79

n (percent) n (percent) n (percent) n (percent) n (percent) n (percent)

Year of birth

1903-1940 171 (28.9%) 24 (27.0%) 7 (28.0%) 35 (27.1%) 76 (31.0%) 21 (26.6%) 0.16

1941-1954 286 (48.3%) 47 (52.8%) 16 (64.0%) 69 (53.5%) 109 (44.5%) 34 (43.0%)

1955+ 135 (22.8%) 18 (20.2%) 2 (8.0%) 25 (19.4%) 60 (24.5%) 24 (30.4%)

Age at diagnosis (years)

<50 120 (20.3%) 17 (19.1%) 1 (4.0%) 22 (17.1%) 52 (21.2%) 23 (29.1%) 0.004

≥50 472 (79.7%) 72 (80.9%) 24 (96.0%) 107 (82.9%) 193 (78.8%) 56 (70.9%)

Body Mass Index (BMI), (kg/m-2)

<25 312 (53.0%) 51 (57.3%) 8 (32.0%) 62 (48.4%) 138 (56.3%) 41 (53.2%) 0.074

≥25-<30 185 (30.9%) 22 (24.7%) 8 (32.0%) 51 (39.8%) 68 (27.8%) 25 (32.5%)

≥30 95 (16.1%) 16 (18.0%) 9 (36.0%) 15 (11.7%) 39 (15.9%) 11 (14.3%)

Missing 3 0 0 1 0 2

Waist-Hip-Ratio (WHR)

≤0,85 340 (57.6%) 51 (58.0%) 12 (48.0%) 75 (58.1%) 146 (59.8%) 43 (54.4%) 0.82

>0,85 250 (42.4%) 37 (42.0%) 13 (53.0%) 54 (41.9%) 98 (40.2%) 36 (45.6%)

Missing 2 1 0 0 1 0

Breast volume (ml)

<850 219 (37.0%) 33 (37.1%) 6 (24.0%) 54 (41.9%) 97 (39.6%) 20 (25.3%) 0.19

≥850 292 (49.3%) 40 (44.9%) 15 (60.0%) 58 (45.0%) 116 (47.3%) 50 (63.3%)

Missing* 81 16 4 17 32 9

Current smoking 0.19

Yes 130 (22%) 24 (27.0%) 9 (36.0%) 27 (20.9%) 44 (18.0%) 16 (20.3%)

No 462 (78%) 65 (73.0%) 16 (64.0%) 102 (79.1%) 201 (82.0%) 63 (79.7%)

Missing 0 0 0 0 0 0

Parity

0 89 (15.0%) 89 (100%) 0 0 0 0 0.43

1 91 (15.4%) 3 (12.0%) 22 (17.1%) 47 (19.2%) 15 (19.0%)

2 253 (42.7%) 14 (56.0%) 64 (49.6%) 125 (51.0%) 40 (50.6%)

3+ 159 (26.9%) 8 (32.0%) 43 (33.3%) 73 (29.8%) 24 (30.4%)

Missing 0 0 0 0 0 0
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Table 2 Patient characteristics in relation to self-reported milk production of the first child (Continued)

Age at first birth, years**

<20 62 (12.4%) 5 (20.0%) 16 (12.4%) 26 (10.7%) 10 (12.7%) 0.09

20-24 187 (37.4%) 8 (32.0%) 59 (45.7%) 73 (30.0%) 35 (44.3%)

25-29 175 (35.0%) 11 (44.0%) 44 (34.1%) 93 (38.3%) 23 (29.1%)

30+ 76 (15.2%) 1 (4.0%) 10 (7.8%) 51 (21.0%) 11 (13.9%)

Missing 3 0 0 2 0

Breastfeeding duration of first child**

Breastfeeding duration of first child, ≤ 12 months 476 (96.0%) 24 (100%) 128 (100%) 229 (94.6%) 72 (91.1%) 0.001

Breastfeeding duration of first child, > 12 months 20 (4%) 0 (%) 0 (%) 13 (5.4%) 7 (8.9%)

Missing 7 1 1 3 0

* Data missing or previous breast surgery.
** Among parous women.
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Table 3 Tumor characteristics in relation to self-reported breast-feeding duration

Table 3 All
patients Nulliparous Breastfeeding duration of

first child ≤12 months
Breastfeeding duration of
first child >12 months

Ptrend or
Chi-square, P

Total breastfeeding
duration ≤12 months

Total breastfeeding
duration >12 months

Ptrend or
Chi-square, P

n=592 n=89 n=476 n=20 n=325 n=178

n (percent) n (percent) n (percent) n (percent) n (percent) n (percent)

pT

0 14 (2.4%) 3 (3.4%) 10 (2.1%) 0 9 (2.8%) 2 (1.1%)

1 424 (71.6%) 61 (68.5%) 347 (72.9%) 12 (60.0%) 237 (72.9%) 126 (70.8%)

2 144 (24.3%) 23 (25.8%) 111 (23.3%) 8 (40.0%) 0.20 72 (22.2%) 49 (27.5%) 0.47

3 9 (1.5%) 2 (2.2%) 7 (1.5%) 0 6 (1.8%) 1 (0.6%)

4 1 (0.2%) 0 1 (0.2%) 0 1 (0.3%) 0

Number of axillary lymph
nodes

0 368 (62.4%) 61 (68.5%) 296 (62.3%) 9 (47.4%) 203 (62.7%) 104 (58.8%)

1-3 167 (28.3%) 21 (23.6%) 135 (28.4%) 6 (31.6%) 0.09 95 (29.3%) 51 (28.8%) 0.18

4+ 55 (9.3%) 7 (7.9%) 44 (9.3%) 4 (21.1%) 26 (8.0%) 22 (12.4%)

Missing 2 0 1 1 1 1

Histologic grade

I 157 (26.6%) 22 (24.7%) 132 (27.8%) 3 (15.0%) 87 (26.9%) 48 (27.0%)

II 308 (52.1%) 47 (52.8%) 248 (52.2%) 11 (55.0%) 0.15 170 (52.5%) 91 (51.5%) 0.86

III 126 (21.3%) 20 (22.5%) 95 (20.0%) 6 (30.0%) 67 (20.7%) 39 (21.9%)

Missing 1 0 1 0 1 0

Hormone receptor status

ER+ 502 (86.7%) 76 (88.4%) 407 (87.2%) 15 (75.0%) 1df; 0.12 273 (85.8%) 153 (87.4%) 1df; 0.62

ER- 77 (13.3%) 10 (11.6%) 60 (12.8%) 5 (25.0%) 45 (14.2%) 22 (12.6%)

PgR+ 402 (69.4%) 61 (70.9%) 328 (70.2%) 9 (45.0%) 1df; 0.02 219 (68.9%) 122 (69.7%) 1df; 0.85

PgR- 177 (30.6%) 25 (29.1) 139 (29.8%) 11 (55.0%) 99 (31.1%) 53 (30.3%)

Missing 13 3 9 0 7 3

ER+ PgR+ 398 (68.7%) 60 (69.8%) 325 (69.6%) 9 (45.0%) 1df; 0.02 216 (67.9%) 122 (69.7%) 1df; 0.68

ER+ PgR- 104 (18.0%) 16 (18.6%) 82 (17.6%) 6 (30.0%) 1df; 0.16 57 (17.9%) 31 (17.7%) 1df; 0.95

ER- PgR+ 4 (0.7%) 1 (1.2%) 3 (0.6%) 0 1df; 0.72 3 (0.9%) 0 1df; 0.20

ER- PgR- 73 (12.6%) 9 (10.5%) 57 (12.2%) 5 (25.0%) 1df; 0.09 42 (13.2%) 22 (12.6%) 1df; 0.84

Missing 13 3 9 0 7 3
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Table 4 Tumor characteristics in relation to self-reported milk production

Table 4 All patients Nulliparous Milk production of first
child -Almost no milk

Milk production of first
child -Insufficient

Milk production of first
child -Adequate

Milk production of first
child -Excessive Ptrend

n=592 n=89 n=25 n=129 n=245 n=79

n (percent) n (percent) n (percent) n (percent) n (percent) n (percent)

pT 0.79

0 14 (2.4%) 3 (3.4%) 2 (8.0%) 2 (1.6%) 3 (1.2%) 1 (1.3%)

1 424 (71.6%) 61 (68.5%) 15 (60.0%) 89 (69.0%) 185 (75.5%) 57 (72.2%)

2 144 (24.3%) 23 (25.8%) 8 (32.0%) 36 (27.9%) 54 (22.0%) 19 (24.1%)

3 9 (1.5%) 2 (2.2%) 0 2 (1.6%) 3 (1.2%) 2 (2.5%)

4 1 (0.2%) 0 0 0 0 0

Number of axillary lymph nodes 0.14

0 368 (62.4%) 61 (68.5%) 18 (72.0%) 81 (62.8%) 151 (61.9%) 43 (55.1%)

1-3 167 (28.3%) 21 (23.6%) 4 (16.0%) 38 (29.5%) 72 (29.5%) 24 (30.8%)

4+ 55 (9.3%) 7 (7.9%) 3 (12.0%) 10 (7.8%) 21 (8.6%) 11 (14.1%)

Missing 2 0 0 0 1 1

Histologic grade 0.29

I 157 (26.6%) 22 (24.7%) 11 (44.0%) 31 (24.2%) 66 (26.9%) 23 (29.1%)

II 308 (52.1%) 47 (52.8%) 12 (48.0%) 73 (57.0%) 123 (50.2%) 39 (49.4%)

III 126 (21.3%) 20 (22.5%) 2 (8.0%) 24 (18.8%) 56 (22.9%)' 17 (21.5%)

Missing 1 0 0 1 0 0

Hormone receptor status

ER+ 502 (86.7%) 76 (88.4%) 22 (95.7%) 108 (84.4%) 207 (85.9%) 71 (91.0%) 0.68

ER- 77 (13.3%) 10 (11.6%) 1 (4.3%) 20 (15.6%) 34 (14.1%) 7 (9.0%)

PgR+ 402 (69.4%) 61 (70.9%) 18 (78.3%) 85 (66.4%) 162 (67.2%) 58 (74.4%) 0.70

PgR- 177 (30.6%) 25 (29.1) 5 (21.7%) 43 (33.6%) 79 (32.8%) 20 (25.6%)

Missing 13 3 2 1 4 1

ER+ PgR+ 398 (68.7%) 60 (69.8%) 18 (78.3%) 85 (66.4%) 159 (66.0%) 58 (74.4%) 0.76

ER+ PgR- 104 (18.0%) 16 (18.6%) 4 (17.4%) 23 (18.0%) 48 (19.9%) 13 (16.7%) 0.98

ER- PgR+ 4 (0.7%) 1 (1.2%) 0 0 3 (1.2%) 0 0.65

ER- PgR- 73 (12.6%) 9 (10.5%) 1 (4.3%) 20 (15.6%) 31 (12.9%) 7 (9.0%) 0.60

Missing 13 3 2 1 4 1
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≤12 months, n=  466      453      420      365       258       214       119       92        21        15
>12 months, n=   20       20        17        14          9          7            3           2          0           0

No of events
55
7

a

Log-Rank P=0.001

≤ 12 months

> 12 months

Breast-feeding duration of the first child

b

≤12 months, n=  316      305      287      252       178       149       88        69         14       10
>12 months, n=  176      174      156      131        91        74         36        27         7          5

No of events
32
32

Cumulative breast-feeding duration

≤ 12 months

> 12 months

Log-Rank P=0.008

Figure 1 (See legend on next page.)
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(Figure 1a) and total breast-feeding duration (Figure 1b).
Median follow-up time was 4.9 (interquartile range 3.0
to 6.4) years for all patients. Higher risk for early events
was seen in patients with over >12 months of breast-
feeding of the first child (Log-Rank P=0.001) and over >
12 months of total breast-feeding (Log-Rank P=0.008).
Breast-feeding of the first child > 12 months was associ-
ated with a three-fold increased risk for an early event
crude HR 3.54 (95% CI: 1.61-7.79) and remained signifi-
cant after adjustment for age, invasive tumor size (>20
mm or muscular or skin involvement), axillary lymph
node involvement, ER and PgR status, age at first birth,
time since last birth, smoking status, and BMI, type of
surgery, and treatment, adjusted HR 2.90 (95% CI: 1.22-
6.94). Total breast-feeding >12 months was associated
with a two-fold increased risk for an early event crude
HR 1.92 (1.18-3.14) and adjusted HR 1.96 (1.12-3.41).
Figures 2a and 2b illustrate the associations between milk

production during breast-feeding of the first child and risk
for early events. Greater milk production was associated
with higher risk for early events (Figure 2a; Log-Rank
Ptrend=0.011). Patients with almost no milk had no events.
‘Excessive milk production’ was associated with an over
two-fold increased risk for early breast cancer events com-
pared to patients with either adequate or insufficient milk
production as presented in Figure 2b (Log-Rank P=0.001)
crude HR 2.44 (1.39-4.30) and adjusted HR 2.54 (1.37-4.68).
‘Excessive milk production’ was associated with higher risk
for early events both in patients <50 years and ≥ 50 years at
diagnosis.
In a multivariable model including both ‘excessive milk

production’ and breast-feeding duration of the first child
>12 months, both were associated with a 2-fold risk for
early events, adjusted HRs 2.33 (1.25-4.36) and 2.39
(0.97-5.85), respectively. There was no interaction be-
tween long breast-feeding duration of the first child and
’excessive milk production’, neither in the crude analysis
nor in the multivariable model (both Ps≥0.54). However,
when including ‘excessive milk production’ and total
breast-feeding duration >12 months in the same model,
total breast-feeding duration was only borderline signifi-
cantly associated with risk for early events (P=0.14),
while the effect of milk production remained significant
(P=0.007).
‘Excessive milk production’ and breast-feeding dur-

ation of the first child >12 months, were both

associated with shorter distant metastasis-free sur-
vival, adjusted HRs 2.59 (1.13-5.94) and 2.44 (0.82-
7.29), respectively. In the model including ‘excessive
milk production’ and total breast-feeding duration >12
months in the same model showed that patients with
‘excessive’ milk production had an over two-fold in-
creased risk for early distant metastases adjusted HR
2.88 (1.26-6.55), while total breast-feeding duration
>12 months was not associated with distant-
metastasis-free survival HR 1.32 (0.62-2.82).

Discussion
The main findings of this study were that breast cancer
patients who reported to have experienced ‘excessive
milk production’ while breast-feeding had an over two-
fold increased risk of an early breast cancer event as well
as distant metastasis. On the other hand, none of the
breast cancer patients in this study who had experienced
‘almost no milk production’ had a breast-cancer event.
To our knowledge this has not been shown in previous
studies. Longer breast-feeding duration of the first child
was also associated with higher risk for early events.
This finding could only in part be explained by the
amount of milk produced. Breast-feeding duration was
associated with ER/PgR status but not with other tumor
characteristics and milk production was not associated
with any of the tumor characteristics investigated.
Breast-feeding the first child for >12 months was asso-

ciated with a higher median age at first birth. Different
distributions of breast-feeding duration in relation to pa-
tient and tumor characteristics were also originally in-
vestigated. However, none of these distributions
contributed any further to the study and it was decided
to make the cut-off at 1-year, which is in line with other
studies (Collaborative Group on Hormonal Factors in
Breast Cancer 2002; Jernström et al. 2004). Ludvigsson
et al. reported that younger women tended to breast-
feed for a shorter period of time (Ludvigsson &
Ludvigsson 2005). Women who had a total breast-
feeding duration of >12 months were significantly less
often current smokers in the present study, which is in
line with other studies (Donath & Amir 2004;
Ludvigsson & Ludvigsson 2005). However, our study
only considered current smoking. Current smoking was
not significantly associated with milk production of the
first child, which was significantly correlated to breast-

(See figure on previous page.)
Figure 1 Kaplan-Meier estimate of breast cancer-free survival in relation to breast-feeding duration. a. Kaplan-Meier estimate of breast
cancer-free survival in relation to breast-feeding duration of first child (P=0.001). The number of patients at each follow-up is indicated. Since this
is an ongoing study, the number of patients decreases with each follow-up. b. Kaplan-Meier estimate of breast cancer-free survival in relation to
total breast-feeding duration (P=0.008). The number of patients at each follow-up is indicated. Since this is an ongoing study, the number of
patients decreases with each follow-up.
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a

Milk production for the first child
Log-Rank Ptrend=0.011

Almost no milk

Insufficient

Adequate

Excessive

Almost no n=   23         23        23        21         13        12        8            8        3          1
Insufficient n=  127      121      114       96         58        47        26         19       2          2
Adequate n=    242      236      221       199       151      125      73          57      14        11
Excessive n=    78        77        66         50         35        30       12          8        2          1

No of events
0         
15      
27      
17

Not Excessive n=  392      380      358      316       222       184       107      84        19         14       
Excessive n=         78        77        66        50         35         30         12        8           2          1

b

Almost no milk, insufficient or 
adequate

Excessive

Milk production for the first child
Log-Rank P=0.001

No of events
42
17

Figure 2 (See legend on next page.)
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feeding duration of the first child, as well as total breast-
feeding duration. Accordingly, women with ‘excessive
milk production’ tended to breast-feed for a longer
period of time, which was expected, since an insufficient
amount of milk makes prolonged breast-feeding more
difficult (Gatti 2008; Thulier & Mercer 2009). Shorter
breast-feeding is associated with several socio-economic
factors including low maternal education (Ludvigsson &
Ludvigsson 2005). In the current study there was no
question regarding socioeconomic status. Low socioeco-
nomic status is associated with a decreased risk for
breast cancer (Granstrom et al. 2008), but an increased
risk for recurrence and death (Halmin et al. 2008). So-
cioeconomic status is therefore unlikely to explain why
patients who reported longer breast-feeding duration
and ‘excessive milk production’ had increased risk of
early events in the current study.
Breast-feeding duration, but not milk production, was

associated with ER and PgR status but not with other
tumor characteristics. In the current study, ER–/PgR–
tumors were non-significantly more common among
women who had breast-fed their first child for >12
months. However, there were only 20 women who had
breast-fed their first child for >12 months. Conversely,
two studies have found that triple negative breast tumors
were rare in patients with longer breast-feeding duration
(Redondo et al. 2012; Gaudet et al. 2011). However, the
study by Gaudet et al. only analyzed women 56 years
and younger, while the current study included patients
of all ages. Since Her2-status has only been routinely
evaluated since November 2005 in Lund (Lundin et al.
2011), it was not possible to investigate triple negativity
in relation to breast-feeding duration or milk production
in the current study.
Longer breast-feeding duration, both total and of the

first child, was associated with a higher risk for early
events. ‘Excessive milk production’ was the strongest fac-
tor of breast-feeding, affecting the risk for early events
as it was significant whether the model included breast-
feeding of the first child or total breast-feeding duration.
None of the investigated tumor criteria were associated
with milk production. However, it is possible that PRL
receptor or androgen receptor (AR) expression may dif-
fer as breast-feeding affects both prolactin and testoster-
one levels (Hietala et al. 2008; Nagata et al. 2011).
Ormandy et al. reported that the level of PRL receptor
expression in breast cancer cell lines was linearly related

to that of the ER and PgR expression, but not to that of
the AR (Ormandy et al. 1997).
A cleaved fragment of prolactin called PRL 16K, which

is generated during breast-feeding, has been shown to
inhibit angiogenesis (Freeman et al. 2000; Goffin et al.
1999). Inhibited angiogenesis may result in more inva-
sive tumors and more metastases according to a recent
review (Leite de Oliveira et al. 2011). Longer breast-
feeding duration may thereby affect tumor characteris-
tics through impaired angiogenesis. However, no in-
creased axillary lymph node involvement was found
among tumors from patients with ‘excessive milk pro-
duction’. Angiogenesis in breast tumors is not routinely
analyzed in Sweden today.
We did not find any significant association between

milk production and tumor characteristics. However, the
finding of an increased risk of early breast cancer events
among the women with ‘excessive milk production’ may
indicate tumors with a higher proliferation rate. Further
analyzes, including milk production, PRL levels, AR ex-
pression, and proliferation rate (Ki67), need to be done
to verify this theory. Ki67 expression has been routinely
analyzed in Lund since March 2009 (Lundin et al. 2011).
Breast-feeding duration was not as strongly associated

with early events as we hypothesized. A recent larger co-
hort study from Norway reported that there was no evi-
dence for a dose-related effect of breast-feeding on
survival (Alsaker et al. 2011), but this study did not spe-
cifically look at breast-feeding duration of the first child.
Similar results were found in another smaller Swedish
retrospective study that only included long-term survi-
vors (Lööf-Johanson et al. 2011).
Between October 2002 and October 2008, 1139

women were registered with breast cancer at Skåne Uni-
versity Hospital in Lund, according to the Regional
Tumor Registry. In this study, 592 patients were in-
cluded. Most of the remaining women did not decline
participation in the study. Instead it was the lack of
available research nurses that limited the number of par-
ticipants. The women who did not participate in this
study had similar patient and tumor characteristics as
the ones who did participate (Lundin et al. 2011). There-
fore, we consider the material to be generalizable for the
women operated for breast cancer in Lund.
In Sweden, a very high proportion of women initiate

breast-feeding and almost all (97%) infants born in 2008
were breastfed at the age of one week (The National

(See figure on previous page.)
Figure 2 Kaplan-Meier estimate of breast cancer-free survival in relation to milk production. a. Kaplan-Meier estimate of breast cancer-free
survival in relation to four categories of milk production (P=0.011). The number of patients at each follow-up is indicated. Since this is an ongoing
study, the number of patients decreases with each follow-up. b. Kaplan-Meier estimate of breast cancer-free survival in relation to ‘excessive milk
production’ (P=0.001). In this figure ‘excessive milk production’ is compared to the three categories with lower milk production. The number of
patients at each follow-up is indicated. Since this is an ongoing study, the number of patients decreases with each follow-up.
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Board of Health and Welfare 2010). This means that our
study results may be generalizable to the rest of Sweden,
but may not be generalizable to countries with different
breast-feeding practices. Since our study was a prospect-
ive cohort, we have been able to minimize several types
of bias. A retrospective study would not have caught the
short-term survivors, and therefore would have favored
patients with less aggressive cancer. All patients were in-
cluded in the study in a similar way; a few days prior to
surgery and before any events, minimizing the risk for
recall bias.
A study limitation is the fact that breast-feeding duration

and milk production were self-reported and that there was
no question with respect to why a woman stopped breast-
feeding. For some of the women, many years had passed
since they gave birth and there is a risk that they could have
forgotten for how long they breast-fed and how much milk
they produced. However, giving birth and breast-feeding are
very important events in a woman’s life. In Sweden, new
mothers who have too much milk are encouraged, during
postnatal follow-up, to sell their extra breast milk to the hos-
pital to feed premature babies, as long as the woman is
healthy and a non-smoker. Objective data on milk produc-
tion would be hard to come by given that it would involve
measuring breast milk production in a large cohort of
healthy women several decades prior to breast cancer diag-
nosis. Inaccurate reporting of breast-feeding duration and
milk production would have biased the results towards the
null hypothesis.
Milk production during breast-feeding may merit fur-

ther study to evaluate if it can be used as a prognostic
factor, since no correlation between milk production and
tumor characteristics was observed. Asking about
breast-feeding and milk production history is cheaper.
Markers, which would help to better tailor adjuvant
therapy to each patient are urgently needed. If the asso-
ciation between ‘excessive milk production’ and in-
creased risk for early events is confirmed in other breast
cancer populations, patients with ‘excessive milk produc-
tion’ may warrant more aggressive breast cancer therapy
and/or closer follow-up while patients who report al-
most no milk production while breast-feeding their first
child may warrant less aggressive treatment with fewer
side-effects. However, the median follow-up is currently
only five years and ER positive tumors tend to relapse
late (Osborne et al. 1980). Since breast-feeding is pro-
tective with respect to breast cancer incidence (Collab-
orative Group on Hormonal Factors in Breast Cancer
2002), we hypothesize that women who develop breast
cancer in spite of long breast-feeding may get especially
aggressive cancers, as shown in another South Swedish
cohort (Butt et al. 2010).
In conclusion, our finding that production of an ‘ex-

cessive’ amount of milk during breast-feeding increases

the risk for early event highlights the potential import-
ance of milk production as a reproductive factor that
may affect breast cancer prognosis. This could poten-
tially lead to an adjusted way of asking about patient his-
tory, regarding reproductive factors for breast cancer
patients. Patients with an excessive milk production
seem to have a more aggressive type of breast cancer,
with higher risk for early breast cancer events. Therefore
they may need a different treatment than patients with
almost no milk production, among whom no early
events were observed.

Competing interest
The authors do not have any conflict of interest.

Authors’ contributions
EG and CA participated in data entry, data analyses and interpretation of
data, and in manuscript writing. AM and MS participated in data entry, data
analyses and interpretation of data, and commented on the manuscript. CR
and CI participated in conception and design and in acquisition of data, and
commented on the manuscript. HJ is the PI of the study and participated in
conception and design, development of methodology, acquisition of data,
analysis and interpretation of data, writing, review, and revision of the
manuscript and study supervision. All authors read and approved the final
manuscript.

Acknowledgement
This study was supported by grants from The Swedish Research Council, The
Swedish Cancer Society, The Medical Faculty at Lund University, The Mrs
Berta Kamprad’s Foundation, The Gunnar Nilsson Foundation, The Konung
Gustav Vs Jubileumsfond, The South Swedish Health Care Region, BRO, and
the Skåne University Hospital, Lund Fund. We thank our research nurses Maj-
Britt Hedenblad, Karin Henriksson, Anette Möller, Monika Meszaros, Anette
Ahlin Gullers, Anita Schmidt Casslén, and Linda Ågren. We thank Eric Dryver
for proofreading.

Author details
1Division of Oncology, Department of Clinical Sciences, Lund, Lund
University, Barngatan 2B, Lund SE-221 85, Sweden. 2CREATE Health and
Department of Immunotechnology, Lund University, Medicon, Village,
Building 406, Lund, Sweden. 3Division of Surgery, Department of Clinical
Sciences, Lund, Lund University and Skane University Hospital, Lund, Sweden.

Received: 19 June 2013 Accepted: 25 June 2013
Published: 3 July 2013

References
Alsaker MD, Opdahl S, Asvold BO, Romundstad PR, Vatten LJ (2011) The

association of reproductive factors and breastfeeding with long term survival
from breast cancer. Breast Cancer Res Treat. 130(1):175–182

Bågeman E, Ingvar C, Rose C, Jernström H (2008) Coffee consumption and
CYP1A2*1F genotype modify age at breast cancer diagnosis and estrogen
receptor status. Cancer Epidemiol Biomarkers Prev. 17(4):895–901

Barnett GC, Shah M, Redman K, Easton DF, Ponder BA, Pharoah PD (2008) Risk
factors for the incidence of breast cancer: do they affect survival from the
disease? Journal of clinical oncology : official journal of the American Society
of Clinical Oncology. 26(20):3310–3316

Butt S, Borgquist S, Anagnostaki L, Landberg G, Manjer J (2010) Is duration of
breastfeeding related to risk of different breast cancer subgroups? European
Breast Cancer Conference Barcelona, Spain. EJC Supplements 8(3):206–207

Cohen JM, Hutcheon JA, Julien SG, Tremblay ML, Fuhrer R (2009) Insufficient milk
supply and breast cancer risk: a systematic review. PloS one. 4(12):e8237

Collaborative Group on Hormonal Factors in Breast Cancer (2002) Breast cancer
and breastfeeding: collaborative reanalysis of individual data from 47
epidemiological studies in 30 countries, including 50302 women with breast
cancer and 96973 women without the disease. Lancet. 360(9328):187–195

Gustbée et al. SpringerPlus 2013, 2:298 Page 14 of 15
http://www.springerplus.com/content/2/1/298



Donath SM, Amir LH (2004) The relationship between maternal smoking and
breastfeeding duration after adjustment for maternal infant feeding
intention. Acta Paediatr. 93(11):1514–1518

Freeman ME, Kanyicska B, Lerant A, Nagy G (2000) Prolactin: structure, function,
and regulation of secretion. Physiol Rev. 80(4):1523–1631

Gatti L (2008) Maternal perceptions of insufficient milk supply in breastfeeding.
J Nurs Scholarsh. 40(4):355–363

Gaudet MM, Press MF, Haile RW, et al. (2011) Risk factors by molecular subtypes
of breast cancer across a population-based study of women 56 years or
younger. Breast Cancer Res Treat. 130(2):587–597

Geddes DT (2007) Inside the lactating breast: the latest anatomy research.
J Midwifery Womens Health. 52(6):556–563

Goffin V, Touraine P, Pichard C, Bernichtein S, Kelly PA (1999) Should prolactin be
reconsidered as a therapeutic target in human breast cancer? Mol Cell
Endocrinol. 151(1–2):79–87

Granstrom C, Sundquist J, Hemminki K (2008) Population attributable risks for
breast cancer in Swedish women by morphological type. Breast Cancer Res
Treat. 111(3):559–568

Guelinckx I, Devlieger R, Bogaerts A, Pauwels S, Vansant G (2011) The effect of
pre-pregnancy BMI on intention, initiation and duration of breast-feeding.
Public Health Nutr. 15(5):1–9

Halmin M, Bellocco R, Lagerlund M, Karlsson P, Tejler G, Lambe M (2008) Long-
term inequalities in breast cancer survival–a ten year follow-up study of
patients managed within a National Health Care System (Sweden).
Acta oncologica. 47(2):216–224

Hietala M, Olsson H, Jernström H (2008) Prolactin levels, breast-feeding and milk
production in a cohort of young healthy women from high-risk breast
cancer families: implications for breast cancer risk. Fam Cancer. 7(3):221–228

Jernström H, Johannsson O, Borg A, Olsson H (1998) Do BRCA1 mutations affect
the ability to breast feed? Significantly shorter length of breast feeding
among BRCA1 mutation carriers compared with their unaffected relatives.
Breast 7:320–324

Jernström H, Lubinski J, Lynch HT, et al. (2004) Breast-feeding and the risk of
breast cancer in BRCA1 and BRCA2 mutation carriers. J Natl Cancer Inst.
96(14):1094–1098

Jernström H, Bågeman E, Rose C, Jönsson PE, Ingvar C (2009) CYP2C8 and
CYP2C9 polymorphisms in relation to tumour characteristics and early breast
cancer related events among 652 breast cancer patients. Br J Cancer. 101
(11):1817–1823

Kotsopoulos J, Lubinski J, Salmena L, et al. (2012) Breastfeeding and the risk of
breast cancer in BRCA1 and BRCA2 mutation carriers. Breast Cancer Res. 14
(2):R42

Lazar H, Baltzer A, Gimmi C, Marti A, Jaggi R (2000) Over-expression of erbB-2
/neu is paralleled by inhibition of mouse-mammary-epithelial-cell
differentiation and developmental apoptosis. International journal of cancer.
Journal international du cancer. 85(4):578–583

Leite de Oliveira R, Hamm A, Mazzone M (2011) Growing tumor vessels: more
than one way to skin a cat - implications for angiogenesis targeted cancer
therapies. Mol Aspects Med. 32(2):71–87

Lööf-Johanson M, Brudin L, Sundquist M, Thorstenson S, Rudebeck CE (2011)
Breastfeeding and prognostic markers in breast cancer. Breast. 20(2):170–175

Ludvigsson JF, Ludvigsson J (2005) Socio-economic determinants, maternal
smoking and coffee consumption, and exclusive breastfeeding in 10205
children. Acta paediatrica. 94(9):1310–1319

Lundin KB, Henningson M, Hietala M, Ingvar C, Rose C, Jernström H (2011)
Androgen receptor genotypes predict response to endocrine treatment in
breast cancer patients. Br J Cancer. 105(11):1676–1683

Markkula A, Bromee A, Henningson M, et al. (2012) Given breast cancer, does
breast size matter? Data from a prospective breast cancer cohort.
Cancer Causes Control. 23(8):1307–1316

Michels KB, Willett WC, Rosner BA, et al. (1996) Prospective assessment of
breastfeeding and breast cancer incidence among 89,887 women.
Lancet. 347(8999):431–436

Millikan RC, Newman B, Tse CK, et al. (2008) Epidemiology of basal-like breast
cancer. Breast Cancer Res Treat. 109(1):123–139

Nagata C, Wada K, Nakamura K, Hayashi M, Takeda N, Yasuda K (2011)
Associations of body size and reproductive factors with circulating levels of
sex hormones and prolactin in premenopausal Japanese women.
Cancer Causes Control. 22(4):581–588

Nouhi Z, Chughtai N, Hartley S, Cocolakis E, Lebrun JJ, Ali S (2006) Defining the
role of prolactin as an invasion suppressor hormone in breast cancer cells.
Cancer research. 66(3):1824–1832

Ormandy CJ, Hall RE, Manning DL, et al. (1997) Coexpression and cross-regulation
of the prolactin receptor and sex steroid hormone receptors in breast
cancer. The Journal of clinical endocrinology and metabolism.
82(11):3692–3699

Osborne CK, Yochmowitz MG, Knight WA, 3rd, McGuire WL (1980) The value of
estrogen and progesterone receptors in the treatment of breast cancer.
Cancer. 46(12 Suppl):2884–2888

Palmer JR, Boggs DA, Wise LA, Ambrosone CB, Adams-Campbell LL, Rosenberg L
(2011) Parity and lactation in relation to estrogen receptor negative breast
cancer in African American women. Cancer Epidemiol Biomarkers
Prev. 20(9):1883–1891

Redondo CM, Gago-Dominguez M, Ponte SM, et al. (2012) Breast feeding, parity
and breast cancer subtypes in a Spanish cohort. PloS one. 7(7):e40543

Ringberg A, Bågeman E, Rose C, Ingvar C, Jernström H (2006) Of cup and bra
size: reply to a prospective study of breast size and premenopausal breast
cancer incidence. International journal of cancer. Journal international du
cancer 119(9):2242–2243. author reply 4

Russo J, Hu YF, Yang X, Russo IH (2000) Developmental, cellular, and molecular
basis of human breast cancer. J Natl Cancer Inst Monogr 27:17–37

The National Board of Health and Welfare (2010) Breast-feeding and smoking
habits among parents of infants born in 2008. http://www.socialstyrelsen.se/
publikationer2010/2010-8-2

The National Board of Health and Welfare (2011a) Cancer Incidence in Sweden
2010. http://www.socialstyrelsen.se/publikationer2011/2011-12-15

The National Board of Health and Welfare (2011b) Causes of Death 2010. http://
www.socialstyrelsen.se/publikationer2011/2011-7-6

Thulier D, Mercer J (2009) Variables associated with breastfeeding duration.
Journal of obstetric, gynecologic, and neonatal nursing : JOGNN / NAACOG.
38(3):259–268

Trivers KF, Gammon MD, Abrahamson PE, et al. (2007) Association between
reproductive factors and breast cancer survival in younger women. Breast
Cancer Res Treat. 103(1):93–102

Turkoz FP, Solak M, Petekkaya I, et al. (2013) Association between common risk
factors and molecular subtypes in breast cancer patients. Breast 22(3):344–50

Tworoger SS, Hankinson SE (2006) Prolactin and breast cancer risk. Cancer letters.
243(2):160–169

Tworoger SS, Eliassen AH, Sluss P, Hankinson SE (2007) A prospective study of
plasma prolactin concentrations and risk of premenopausal and
postmenopausal breast cancer. Journal of clinical oncology : official journal
of the American Society of Clinical Oncology. 25(12):1482–1488

World Health Organization (2006) BMI Classification. http://apps.who.int/bmi/
index.jsp?introPage=intro_3.html

World Health Organization (2008) Waist Circumference and Waist-Hip Ratio
Report of a WHO Expert Consultation. http://whqlibdoc.who.int/publications/
2011/9789241501491_eng.pdf

doi:10.1186/2193-1801-2-298
Cite this article as: Gustbée et al.: Excessive milk production during
breast-feeding prior to breast cancer diagnosis is associated with
increased risk for early events. SpringerPlus 2013 2:298.

Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com

Gustbée et al. SpringerPlus 2013, 2:298 Page 15 of 15
http://www.springerplus.com/content/2/1/298

http://www.socialstyrelsen.se/publikationer2010/2010-8-2
http://www.socialstyrelsen.se/publikationer2010/2010-8-2
http://www.socialstyrelsen.se/publikationer2011/2011-12-15
http://www.socialstyrelsen.se/publikationer2011/2011-7-6
http://www.socialstyrelsen.se/publikationer2011/2011-7-6
http://apps.who.int/bmi/index.jsp?introPage=intro_3.html
http://apps.who.int/bmi/index.jsp?introPage=intro_3.html
http://whqlibdoc.who.int/publications/2011/9789241501491_eng.pdf
http://whqlibdoc.who.int/publications/2011/9789241501491_eng.pdf

