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Abstract

Background: Obesity and high radiologic breast density independently increase breast cancer risk. We evaluated
the effect of surgical weight loss on mammographic density (MD).

Methods: Patients undergoing bariatric surgery and screening mammography (MG) were identified, data regarding
demographics, comorbidities, calculated and genetic breast cancer risk was collected. Patients had a MG before and
after surgery. Fellowship-trained breast radiologists assigned Breast Imaging Reporting and Data System density categories.

Results: Patients underwent sleeve gastrectomy (n = 56) or gastric bypass (n = 7), 78% had hypertension, 48% had diabetes.
Four had deleterious BRCA mutations, four were calculated high risk. Mean weight loss = 28.7 kg. Mean initial BMI = 44.
3 kg/m2 (range:33–77), final BMI = 33.6 kg/m2 (range:20–62;p < 0.01). Density was unchanged in 53, decreased in 1,
increased in 9. Of these 9(14%), 5 changed from almost entirely fatty to scattered MD, and 4 changed from scattered
MD to heterogeneously dense. Mean weight loss of the 9 with increased MD was greater than the cohort (37.7vs.28.
7 kg;p < 0.01).

Conclusions: Surgical weight loss increased MD in 14%. Increased MD masks malignancies, patients may benefit from
additional screening based on calculated risk assessments that include MD.
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Background
Breast density
Mammographic breast density is caused by a mixture of
stromal, glandular, and adipose tissue. Radiologically dense
tissue, which is primarily composed of stromal and epithelial
components, typically appears radiopaque on mammog-
raphy, while adipose tissue appears dark and radiologically
lucent [1, 2]. The American College of Radiology (ACR) cre-
ated a standardized lexicon in the Breast Imaging-Reporting
and Data System (BI-RADS) Atlas for reporting overall
breast composition on mammograms. The overall mammo-
graphic breast composition is divided into four categories:

(a) almost entirely fatty, (b) scattered areas of fibroglandular
density, (c) heterogeneously dense and (d) extremely dense
[3, 4] (Fig. 1). Overall breast tissue composition that is con-
sidered mammographically dense is categorized as either
heterogeneously dense or extremely dense. Increased tissue
density is known to obscure breast cancer and can signifi-
cantly decrease the sensitivity of mammography secondary
to a decrease in contrast resolution between a radiopaque
malignancy and dense breast tissue [4]. In addition, studies
reveal a potential correlation between breast cancer and
increased breast density [5–7]. Women with mammographi-
cally dense breasts have an increased relative risk of develop-
ing breast cancer 4 to 6 times that of low breast density
women; this increased risk remains even after adjusting for
confounding variables [4, 8–11]. This relative risk elevation
is larger than the risk associated with family history or any
other reproductive risk factors [4].

* Correspondence: rr3181@cumc.columbia.edu
4Division of Breast Surgery, Columbia University Medical Center/New York
Presbyterian, 161 Fort Washington Ave 10th floor, New York, NY 10032, USA
Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Partain et al. BMC Medical Imaging  (2018) 18:10 
DOI 10.1186/s12880-017-0242-4

http://crossmark.crossref.org/dialog/?doi=10.1186/s12880-017-0242-4&domain=pdf
mailto:rr3181@cumc.columbia.edu
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Obesity and breast cancer
Obesity, defined by an elevated body mass index, occurs as
a consequence of excess adipose tissue [12]. Adipose tissue,
the largest endocrine organ in the body, plays a role in
energy homeostasis. Unchecked hyperadiposity may lead to
metabolic disorders, altered production of steroid hormones
(estrogen) and adipokines, and chronic subclinical inflam-
mation [13, 14]. All of these pathophysiologic changes have
been associated with cancer development, especially in
estrogen-dependent postmenopausal breast cancer [15]. The
main source of estrogen in postmenopausal women is
adipose tissue. At the molecular level, excess white adipose
tissue leads to endoplasmic reticulum stress, tissue fibrosis,
and local hypoxia. This, in turn, triggers a vicious cycle of
inflammation to include adipocyte cell death and recruit-
ment of macrophages, and increased levels of aromatase,
the rate-limiting enzyme in estrogen production. Weight
reduction, by lowering systemic and local estrogen produc-
tion, is thus important in cancer prevention and treatment
[13, 14]. Surgically-induced weight loss appears to decrease
the risks of endometrial, breast, and ovarian cancers [16, 17].
Bariatric surgery has also been shown to improve outcomes
in colorectal cancer [18]. Additionally, a study evaluating the
post-menopausal symptoms of vaginal dryness and flushing
demonstrated decreased rates of symptomatology after bar-
iatric surgery, potentially underscoring estrogen associated
changes due to surgically-induced weight loss [19].

Bariatric surgery and breast density
Mammographic breast density can be inversely related to
body weight but is associated with increased breast cancer
risk. Paradoxically, obesity is also associated with increased
breast cancer risk [5, 20]. Studies are underway to evaluate
if dietary changes and physical activity are able to reduce
mammographic breast density in postmenopausal women

[21]. Some studies have shown that density increases with
weight loss [22–24]. Therefore, due to the lack of clarity
regarding the impact of weight loss on density, this study
evaluates the effect of weight loss on mammographic
breast density.

Methods
Approval for this study was obtained from the Institu-
tional Review Board (STU 032015–088) at the University
of Texas Southwestern Medical Center (UTSW). Initial
medical record review queried for female bariatric sur-
gery patients who were ≥40 years of age and therefore
would have been advised to undergo screening mam-
mography. These 700 records were cross-referenced to
identify patients who had undergone weight loss surgery
and mammographic screening within the UTSW med-
ical center from 2008 to 2015. Data collected included
demographics, breast cancer risk factors, co-morbidities,
development of cancer, and genetic mutation status.
Three-hundred patients had screening mammograms.
Patients were excluded if they had a history of breast
cancer prior to bariatric surgery or did not have digital
imaging available within the UTSW system. Sixty-three
patients included had a mammogram prior to and at
least 1 year after surgery. The mammograms of included
patients were then retrieved from the digital imaging
archive. The mediolateral oblique view was selected as
the image to review for assignment of overall breast
composition, as this view includes more fibroglandular
tissue than does the craniocaudal view, especially in the
upper outer quadrant, where most cancers develop [25].
All mammogram images (void of any personal identi-
fiers, information overlays, or dates of examinations)
were reviewed by two board certified radiologists who
are fellowship trained in breast imaging. The radiologists

Fig. 1 Examples of BI-RADS breast composition categories of breast density in increasing order of density from left to right (panels a-d)
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were blinded to all information about the participants in-
cluding identification number and the temporal sequence
of the mammograms. The radiologists then performed an
independent clinical assessment of overall mammographic
breast composition using the ACR BI-RADS Atlas 5th
Edition. This approach to categorizing density is currently
the most commonly used approach in the United States,
and subsequently the most clinically applicable [26]. Stat-
istical analysis was carried out using chi-square and paired
t-test, SAS 9.4, with a p value less than <0.05 considered
statistically significant. Any change in mammographic
density before and after weight loss surgery was evaluated.

Results
Patient characteristics
Sixty-three patients were identified who met eligibility cri-
teria. Mean age at the time of bariatric surgery was 51.7 years
(Table 1). The majority of women were Caucasian (65.1%),
postmenopausal (77.8%), and had an average of 4 comorbid-
ities with the most common being hypertension, hyperlipid-
emia and reflux. The majority of the mammograms (n = 48,
76%) were performed for routine screening. Patients

underwent a variety of bariatric operations with 73% (n= 46)
undergoing sleeve gastrectomy, 16% (n= 10) had a prior lap-
aroscopic adjustable gastric band placed with subsequent
conversion to a sleeve gastrectomy, and 11% (n= 7) under-
went a gastric bypass procedure. Four patients were known
BRCA mutation carriers.

Changes in weight and BI-RADS density
As expected, there was a statistically significant decrease
in weight and Body Mass Index (BMI) after bariatric sur-
gery. Average weight loss was 28.7 kg (95% CI: 25.1–
33.3; p < 0.0001) and BMI decreased by 10.6 kg/m2 (95%
CI: 8.9–12.3; p < 0.0001) (Table 2). Both breast imagers
were “blinded” and assigned independently the same density
to each mammographic film, showing accuracy and inter-
observer agreement. For the change in BI-RADS density,
patients who started out as scattered areas of fibroglandular
density or heterogeneously dense tended to stay the same
after weight loss surgery, while about half the patients that
were almost entirely fatty density increased to scattered
areas of fibroglandular density (Table 3) (Fig. 2). The mean
time from initial mammogram to surgery, surgery to final
mammogram, and initial to final mammogram was 55.6,
85.2, 140.8 weeks, respectively. Only one patient, who had
an initial and final mammographic breast composition of
scattered areas of fibroglandular density, developed breast
cancer a year and 8 months after surgery.

Discussion
In our study, significant and rapid surgical weight loss
appeared to impact mammographic density. As previously
mentioned, increased mammographic density has been
associated with greater stromal area and less adipose
tissue; however there is conflicting evidence regarding
changes in the epithelial areas [2, 27–29].

Biology of breast density
The biologic and molecular contributions to breast density
are unclear. Research has focused on studying cellular pro-
liferation markers such as Ki-67 with inconsistent results.
Gabrielson et al., [2] studied the histo-biologic composition
of normal breast tissue in relation to mammographic dens-
ity by obtaining ultrasound-guided breast biopsies in 160
healthy women. There was no association between high
mammographic breast density and increased epithelial
levels of Ki-67 and the expression of epithelial estrogen or

Table 1 Patient Characteristics

n (%)

Age (mean ± std) 51.7 ± 8.2

Race

Black 22 (34.9)

White 41 (65.1)

Reason for mammogram

High risk 14 (22.2)

Prior benign 1 (1.6)

Screening 48 (76.2)

Menopause status

Pre-menopausal 14 (22.2)

Post-menopausal 49 (77.8)

Morbidities (mean ± std) 4.0 ± 1.5

Diabetes 32 (50.8)

Hypertension 49 (77.8)

Sleep apnea 30 (47.6)

Reflux 44 (69.8)

Hyperlipidemia 40 (63.5)

Osteoarthritis 36 (57.1)

Heart disease 10 (15.9)

Fatty liver 8 (12.7)

Procedure

Gastric bypass 7 (11.1)

Gastric sleeve 46 (73.0)

Lap band to sleeve 10 (15.9)

Std standard deviation

Table 2 Comparison between preoperative and postoperatively
BMI and weight values

Before Surgery
(mean/median)

After Surgery
(mean/median)

P-value

BMI (kg/m2) 44.3 / 42 33.7 / 32 0.0001

Weight (kg) 119.4 / 108.2 90.7 / 85.4 0.0001

BMI body mass index
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progesterone receptors. Epithelial Ki-67 was associated with
a greater epithelial proportion, and epithelial progesterone
receptors were associated with greater stromal and lower
adipose proportions [2]. It is believed that cumulative expos-
ure to various hormones and growth factors may mediate
breast tissue changes associated with increased breast cancer
risk. The International Breast Cancer Intervention Study
demonstrated that for women with increased breast cancer
risk, initiating chemoprevention with tamoxifen can lower
mammographic breast density. Women were given 20 mg
of tamoxifen once daily versus placebo for 5 years. Forty-six
percent of patients taking tamoxifen had at least a 10% or
more decline in breast density. These women also had a
63% lower breast cancer incidence compared to placebo or
to those women who experienced a less than 10% reduction
in mammographic density [7]. Breast density changes in
postmenopausal women similar to our cohort are more lim-
ited, and there is a paucity of data regarding usage of aroma-
tase inhibitors when density changes have occurred [8]. The
Alberta Physical Activity and Breast Cancer Prevention Trial
examined aerobic exercise and breast density in postmeno-
pausal women. This study randomized women, who had

been postmenopausal for at least 24 months, sedentary and
not on any hormone replacement therapy, to a one-year
aerobic exercise intervention in comparison to usual sed-
entary lifestyle. Exercisers had a significant decrease in the
non-dense volume that correlated to a decrease in percent
body fat compared to the control group (2% versus 0.2%,
p = 0.001). Changes in the amount of fibroglandular tissue
in the breast were not affected by exercise [30]. Our study
similarly demonstrates that women with breast tissue
composed mainly of scattered areas of fibroglandular
density or heterogeneously dense tissue do not have sig-
nificant density changes, even with large amounts of surgi-
cal weight loss. In breasts mainly composed of almost
entirely fatty density, the density seemed to increase with
weight loss, potentially as a result of an overall decrease in
intervening adipose tissue within the breast.

Implications of increasing breast density and the paradox
of surgical weight loss
With increases in breast tissue density, the sensitivity of
mammography decreases. The addition of breast density
to the Gail model, which is the most widely used method
of predicting breast cancer in individuals, showed increased
predictive accuracy with increasing density correlating with
increased risk [4, 31, 32]. It is unclear then, how the
increasing mammographic breast density seen with surgical
weight loss correlates with the known overall reduction in
breast cancer risk after bariatric surgery. In the United
States, there continues to be significant debate and discord-
ance between physician groups, advocacy agencies, and
government panels regarding optimal mammographic
screening practices. As the risk factors for breast cancer are
more finely defined, potentially using results from studies
such as this one, personalized screening practice may have
more widespread support.
Given the increasing density seen in some of the

patients in this study, it may be useful to perform breast
cancer risk calculations on patients having undergone bar-
iatric surgery, in order to potentially allow personalized
screening practices that may include tomosynthesis or
breast magnetic resonance imaging depending on risk. In
patients who had complete medical records and a change
from scattered areas of fibroglandular density to heteroge-
neously dense breasts, the calculated 5-year risk of breast

Table 3 Mammographic breast composition before and after weight loss surgery

Initial BIRADS density

Almost entirely fatty Scattered
fibroglandular

Heterogeneously
dense

p

Final BI-RADS density <0.0001

Almost entirely fatty 6 (54.5) 0 (0) 0 (0)

Scattered fibroglandular 5 (45.5) 40 (90.9) 1 (12.5)

Heterogeneously dense 0 (0) 4 (9.1) 7 (87.5)

Fig. 2 Initial (a) and final (b) mammograms of a study patient who
underwent weight loss surgery showing change from scattered
areas of fibroglandular density to heterogeneously dense
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cancer increased when density was included in the calcu-
lations. With the addition of larger numbers of patients,
more specific nomograms that quantify the additive risk
of changes in density could be developed.
Limitations to our study include its retrospective nature,

small sample size, and reliability of a qualitative analysis of
mammograms as opposed to quantitative analysis with an
automated computer software.
Future studies could include a prospective collection of

breast tissue biopsy before and after weight loss surgery in
order to compare histology to mammographic density and
identify mechanisms for this change in density.

Conclusions
Surgical weight loss in postmenopausal women appears
to induce heterogeneous changes in mammographic breast
density composition. Some patients demonstrated increased
density, which could decrease the sensitivity of mammog-
raphy. These patients may benefit from a more personalized
approach to screening depending on their individual breast
cancer risk.
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