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ABSTRACT
◥

Excess body fat and sedentary behavior are associatedwith
increased breast cancer risk and mortality, including in
normal weight women. To investigate underlying mechan-
isms, we examined whether adiposity and exercise impact
the breast microenvironment (e.g., inflammation and aro-
matase expression) and circulating metabo-inflammatory
factors. In a cross-sectional cohort study, breast white
adipose tissue (WAT) and blood were collected from 100
womenundergoingmastectomy for breast cancer risk reduc-
tion or treatment. Self-reported exercise behavior, body
composition measured by dual-energy x-ray absorptiometry
(DXA), and waist:hip ratio were obtained prior to surgery.
Breast WAT inflammation (B-WATi) was assessed by IHC
and aromatase expression was assessed by quantitative PCR.
Metabolic and inflammatory blood biomarkers that are
predictive of breast cancer risk and progression were mea-
sured. B-WATi was present in 56 of 100 patients and was
associated with older age, elevated BMI, postmenopausal
status, decreased exercise, hypertension and dyslipidemia
(Ps < 0.001). Total body fat and trunk fat correlated
with B-WATi and breast aromatase levels (Ps < 0.001).

Circulating C-reactive protein, IL6, insulin, and leptin
positively correlated with body fat and breast aromatase
levels, while negative correlations were observed for
adiponectin and sex hormone binding globulin (P <
0.001). Inverse relationships were observed with exercise
(Ps < 0.05). In a subgroup of 39 women with normal BMI,
body fat levels positively correlated with B-WATi and
aromatase expression (Ps < 0.05). In conclusion, elevated
body fat levels and decreased exercise are associated with
protumorigenic micro- and host environments in normal,
overweight, and obese individuals. These findings support
the development of BMI-agnostic lifestyle interventions that
target adiposity.

Prevention Relevance: We report that individuals with
high body fat and low exercise levels have breast inflamma-
tion, higher breast aromatase expression, and levels of
circulating metabo-inflammatory factors that have been
associated with increased breast cancer risk. These findings
support interventions to lower adiposity, even among nor-
mal weight individuals, to prevent tumor growth.

Introduction
Obesity, classically defined by elevated body mass index

(BMI), increases the risk of hormone receptor (HR)-positive
breast cancer in postmenopausal women (1, 2). In contrast, in
premenopausal women, obesity has been observed to confer a
mildly protective effect against breast cancer incidence (3–7).
After breast cancer diagnosis, obesity is associated with
increased risk of recurrence in pre- and postmenopausal
women across all tumor subtypes (8–11). However, some
women with a normal BMI may also have unfavorable breast
cancer risk or outcomes. For example, postmenopausal women
with a normal BMI but excess body fat are at increased risk for
invasive breast cancer (12). High levels of total body fat are also
associated with increased mortality after breast cancer diag-
nosis, independent of BMI (13). Adipose tissue dysfunction,
including inflammation and effects on adipokines, hormones,
and proinflammatory mediators have been implicated in the
pathogenesis and progression of breast cancer in obese and
normal weight individuals (12, 14–18). In this study, we
investigated whether the tumor-promoting effects of adipose
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tissue dysfunction correlate with adiposity independent of
BMI, which could explain the higher risk of breast cancer
incidence and mortality in women with excess body fat.
Chronic inflammation is linked to the development and

progression of multiple malignancies (19–23). There are
numerous causes of chronic inflammation including tobacco
use, infection, and obesity (24). The link between obesity and
white adipose tissue inflammation was first reported in
2003 (25). A pathologic hallmark of white adipose tissue
inflammation is the crown-like structure (CLS; ref. 26). CLSs
are easily recognized in adipose tissue and reflect a dead or
dying adipocyte surrounded by macrophages. The adipocyte
appears to be stressed or die secondary to hypoxia and possibly
endoplasmic reticulum stress (27). The surrounding macro-
phages phagocytize the dead adipocytes and become foam
cells (28).
Breast white adipose tissue inflammation (B-WATi), as

defined by the presence of CLS, is found in the majority of
overweight and obese women but also in some women with a
normal BMI (14, 18). B-WATi has been associated with an
increased risk of breast cancer in women who have a history of
benign breast disease (29). In addition to its potentially pro-
carcinogenic impact, B-WATi appears to support the progres-
sion of established breast tumors. Specifically, we carried out a
retrospective study of women with recurrent breast cancer
despite curative-intent treatment for primary disease and
showed that the presence of B-WATi at the time ofmastectomy
was associated with shorter distant recurrence-free surviv-
al (15). Another group reported that B-WATi at the time of
mastectomy was associated with reduced overall survival in
patients with breast cancer (16). Our previous work suggests
that the connection between inflamed adipose tissue and cancer
can be explained, in part, by local effects in the breast as well as
related systemic effects (23). For example, B-WATi is associ-
ated with elevated levels of aromatase, the rate-limiting enzyme
for estrogen biosynthesis (30). B-WATi is also associated with
the metabolic syndrome and altered levels of systemic metabo-
inflammatory factors (15). Thus, B-WATi is associated with
systemic changes that have been linked to both tumor devel-
opment and recurrence.
We previously reported that women with B-WATi have

larger breast adipocytes, suggestive of higher overall body fat
levels (14, 31). Accordingly, we investigated whether body fat
level measured by dual-energy x-ray absorptiometry (DXA) is
an independent determinant of B-WATi and its associated
tumor-promoting effects including elevated aromatase expres-
sion in the breast and altered circulatingmetabo-inflammatory
factors.We also examinedwhether exercisewas associatedwith
B-WATi in a cohort of women undergoing breast surgery.

Materials and Methods
Study population and clinical data collection
Written informed consent was provided by women who

were scheduled to undergo mastectomy for breast cancer risk

reduction or treatment at Memorial Sloan Kettering Cancer
Center (MSKCC, New York, NY). Institutional Review
Board approval was obtained from MSKCC and Weill
Cornell Medicine (New York, NY) to conduct this study.
Prior to surgery, body fat was measured by DXA using a
Lunar Prodigy multiple detector fan-beam densitometer (GE
Healthcare). After calibration, single-beam, whole-body
scanning was conducted in the supine position. Height and
weight were prospectively recorded prior to surgery and used
to calculate BMI. Standard definitions were used to catego-
rize BMI as under- or normal weight (BMI< 25), overweight
(BMI 25.0 – 29.9), or obese (BMI ≥ 30). Waist circumference
was measured using a paper measuring tape placed hori-
zontally halfway between the lower border of the ribs, and
the iliac crest. Hip circumference was measured at the widest
point over the buttocks. For each parameter, the average of
two measurements was taken and the waist:hip ratio was
calculated. Clinicopathologic data (age, race, and menopause
status) were systematically extracted from the electronic
medical record by research staff and physicians, and inde-
pendent data review was carried out for quality assurance.
Menopause status was categorized as either premenopausal
or postmenopausal based on National Comprehensive
Cancer Network (NCCN) criteria (32). Specifically, women
were classified as postmenopausal if they had bilateral
oophorectomy or reported permanent cessation of menses
for 12 or more months in the absence of chemotherapy or
endocrine therapy.

Exercise behavior
Self-reported exercise was quantified using the Godin Lesion

Time Exercise Questionnaire (GLTEQ; ref. 33). The GLTEQ
assesses the number of times per week an individual performs
mild,moderate, and vigorous exercise formore than20minutes
during free time. Total exercise behavior was calculated as
follows: the frequency of exercise sessions per week within each
intensity category was multiplied by the average reported
duration, weighted by an estimate of the metabolic equivalent
(MET), summed across all intensities, and reported as average
MET-hours per week. Standard MET weightings including
examples for each level of exercise intensity are as follows: mild
(3 METs, e.g., easy walking, yoga), moderate (5 METs, e.g.,
brisk walking, tennis), and strenuous (9 METs, e.g., running,
vigorous swimming).

Biospecimen acquisition
Breast white adipose tissue (WAT) specimens were obtained

prospectively under a standard tissue acquisition protocol. For
each subject, paraffin blocks were prepared from breast WAT
not involved by tumor on the day of surgery. Frozen samples
were stored in the presence or absence of RNAlater (Ambion).
A 30-mL fasting blood sample was obtained preoperatively
on the day of surgery. Blood was separated into serum and
plasma by centrifugation within 3 hours of collection and
stored at �80� C.
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Detection and measurement of B-WATi
The presence or absence of B-WATi was determined by

histologic assessment as described previously (14). Briefly,
B-WATi was detected by the presence of CLS of the breast
(CLS-B), which are comprised of a dead or dying adipocyte
surrounded by CD68þ macrophages (19). From each mastec-
tomy sample, five formalin-fixed paraffin-embedded (FFPE)
blocks were prepared and one section per FFPE block (5-mm
thick and approximately 2 cm in diameter) was generated such
that five sections were stained for CD68, a macrophage marker
(mouse monoclonal KP1 antibody; Dako; dilution 1:4,000).
Immunostained tissue sections were examined by the study
pathologist (D.D. Giri) using light microscopy to detect the
presence or absence of CLS-B and record the number of CLS-B
per slide. Digital photographs of each slide were generated and
WAT area was measured with ImageJ Software (NIH,
Bethesda, MD). The severity of B-WATi was quantified as
number of CLS-B per square centimeter ofWAT (CLS-B/cm2).

Adipocyte measurement
Two hematoxylin and eosin (H&E)-stained sections were

generated from FFPE breast tissue to measure adipocyte dia-
meters as described previously (14). The H&E sections were
photographed at 20� using an Olympus BX43 or BX50
microscopes equipped with an Olympus DP27 or MicroFire
(Optronics) digital camera, respectively. Mean diameters were
calculated using measurements from 30 individual adipocytes
for each patient using the linear dimensional tool in the Canvas
11 Software (ACD Systems International, Inc.), which was
calibrated using a microscope stage micrometer.

Quantitative PCR
Total RNA was isolated from human breast tissue using the

RNeasyMini Kit (Qiagen). RNA (2 mg) was reverse transcribed
using the qScript cDNA Synthesis Kit (QuantaBio), and the
resulting cDNA used for real-time PCR amplification with Fast
SYBR Green PCR Master Mix on a 7500 HT real-time PCR
system (Applied Biosystems). GAPDH was used as an endog-
enous normalization control. Commercial primers for SIRT1
(QT00051261), and GAPDH (QT00079247) were purchased
from Qiagen. In-house primers for aromatase (forward: 50-
CACATCCTCAATACCAGGTCC-30 and reverse: 50-CAGA-
GATCCAGACTCGCATG-30) were synthesized by Sigma-
Aldrich. Relative fold induction was determined using the
cycle threshold (DDCt) analysis protocol.

Blood assays
Plasma levels of leptin, adiponectin, high sensitivity C-

reactive protein (hsCRP), sex hormone binding globulin
(SHBG), IL6 (R&D Systems), and insulin (Mercodia), were
measured in a single batch by ELISA.

Biostatistical analyses
For continuous variables, differences between patients with

and without B-WATi were examined using the nonparametric
Wilcoxon rank-sum test. Categorical variables were examined

using Fisher exact test. Levels of a circulating factor and levels of
relative expression of a gene were log transformed and CLS-B/
cm2 was square root transformed for improving clarity in data
visualization. Correlation between two continuous variables
was examined using Spearman method. For inflammation
markers, absolute quantification was made for duplicates of
samples per patient. Average values from duplicate samples per
patient were used in subsequent analysis. For gene expression
measured using qPCR, reference samples from the same
sources were included in all the batches and DDCt values were
calculated by normalizing against the DCt values for the
reference samples. These analyses were carried out in the
overall study population and in the subpopulation with
BMI < 25. For all analyses, statistical significance was set at
two-tailed P < 0.05. All statistical analyses were conducted
using R software (R Foundation for Statistical Computing).

Results
Study population
From April 2016 through August 2018, 100 women were

enrolled and underwent DXA scans prior to mastectomy.
Breast WAT and blood samples were obtained from all 100
women at the time of surgery. In the overall study population,
median age was 49 years (range, 29–82). Median BMI was 26.1
(range, 17.5–42), 52% were premenopausal and 45% were
postmenopausal. B-WATi, as defined by CLS-B positivity, was
observed in 56% of participants (Fig. 1A). Additional baseline
characteristics stratified by the presence or absence of CLS-B
are summarized in Table 1.

B-WATi correlates with metabolic disorders, decreased
exercise, and excess body fat
On average, patients with B-WATi were older, had higher

BMI and larger adipocytes, and were more likely to be post-
menopausal compared with women without inflammation
(Table 1). The incidence of hypertension (P ¼ 0.038) and
dyslipidemia (P ¼ 0.005) was higher in women with B-WATi.
Self-reported exercise participation, standardized as MET-
hours per week, was lower in women with B-WATi compared
with those without inflammation. Several measures of adipos-
ity including total body fat and trunk fat were higher in women
with B-WATi (Table 2).When adjusted formenopausal status,
the associations among BMI and body fat parameters with B-
WATi remained similar (Ps< 0.05).Notably, waist:hip ratio did
not correlate with B-WATi.

Breast aromatase levels correlate with amounts of body
fat and B-WATi
AromatasemRNA levels positively correlated withmeasure-

ments of body fat and B-WATi. Levels of aromatase mRNA
positively correlated with BMI, breast adipocyte diameter, total
fat, and trunk fat (Ps < 0.001; Fig. 1). In addition, levels of
aromatase were increased in women with B-WATi (P < 0.001)
and correlated with the severity of B-WATi (P¼ 0.001). When
adjusted for menopausal status, the correlations among BMI
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and body fat parameters with relative aromatase expression
remained similar (Ps < 0.05).

Systemic factors correlate with adiposity, B-WATi, and
aromatase expression
Blood biomarkers that have been linked to the pathogen-

esis of breast cancer were measured. Levels of hsCRP, IL6,
leptin, and insulin all increased in a stepwise manner
from underweight/normal to overweight to obese partici-
pants (Ps < 0.001; Supplementary Table S1). In contrast,
levels of SHBG decreased in association with elevated BMI
(P < 0.001; Supplementary Table S1). Next levels of each of
these blood biomarkers were correlated with measurements
of adiposity, total MET hours (TMetHr) of exercise, and
intra-breast histologic and molecular endpoints (adipocyte
diameter, severity of B-WATi, SIRT1, and aromatase mRNA
levels; Table 3). Blood levels of hsCRP, IL6, leptin, and
insulin positively correlated with BMI, total fat mass, and
trunk fat mass (Ps < 0.001). Blood levels of adiponectin
(P < 0.05) and SHBG (P < 0.001) were inversely related to
BMI. SHBG levels were also inversely correlated with total
fat mass and trunk fat mass (Ps < 0.001). Levels of hsCRP
(P ¼ 0.034), IL6 (P ¼ 0.018), and leptin (P ¼ 0.001) were

inversely related to levels of exercise (TMetHr). In contrast,
blood levels of adiponectin (P¼ 0.040) and SHBG (P¼ 0.003)
positively correlated with levels of exercise.
Although blood biomarkers are routinely used in studies that

evaluate the link between obesity and breast cancer, to our
knowledge, blood biomarkers have not been correlated with
relevant intra-breast measurements. Notably, levels of hsCRP,
IL6, leptin, and insulin were positively correlated with breast
adipocyte diameter (Ps < 0.001). Each of these blood biomar-
kers except insulin also correlated with the severity of B-WATi
(CLS-B/cm2). Breast SIRT1 mRNA levels inversely correlated
with body fat (Supplementary Fig. S1) and blood levels of
hsCRP, IL6, leptin, and insulin (Table 3). Conversely, levels of
adiponectin (P¼ 0.020) and SHBG (P¼ 0.076) were positively
correlated with SIRT1 mRNA levels. Breast aromatase
mRNA levels were positively correlated with blood levels of
hsCRP, IL6, leptin, and insulin (Ps < 0.001). In contrast, an
inverse relationship was observed between blood levels of
SHBG (P ¼ 0.012) and aromatase mRNA levels.
To investigate a potential impact of medications for hyper-

tension or diabetes, sensitivity analyses were carried out by
excluding patients taking these medications (18 patients were
taking antihypertensivemedications and 3 patients were taking

Figure 1.

Breast aromatase levels correlate with adiposity and B-WATi. A, Anti-CD68 immunostaining showing CLS-B (200�). Aromatase expression in the breast positively
correlated with BMI (B), adipocyte diameter (C), total fat percentage (D), trunk fat percentage (E), and the severity of B-WATi (F).
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medications for diabetes). The results remained consistent with
analyses in the overall population (Supplementary Table S2).

Adiposity correlates with B-WATi and breast aromatase
levels in normal weight women
A subgroup of 39 out of 100 women in our study had BMI <

25. Of these, 14 (36%) had B-WATi and 25 (64%) did not.
Normal weight women with B-WATi had enlarged adipocytes
and a higher incidence of dyslipidemia compared with women

without inflammation (Supplementary Table S3). Participants
with higher body fat levels were more likely to have B-WATi
despite having a normal BMI (Table 4). Next, we evaluated the
relationship between body fat, B-WATi, and aromatasemRNA
levels in these normal weight women. Although a clear rela-
tionship between BMI and aromatase mRNA levels was not
detected, adipocyte diameter (P ¼ 0.06) and DXA-derived
measures of total body fat and trunk fat positively correlated
with breast aromatase levels (Ps¼ 0.02; Fig. 2). In women with

Table 1. Baseline characteristics of study population.

Variables All (n ¼ 100) B-WATi Absent (n ¼ 44) B-WATi Present (n ¼ 56) P

Age (years), median (range) 49 (29–82) 45 (29–79) 52 (31–82) 0.001
BMI, median (range) 26.1 (17.5–42.0) 23.7 (17.5–32.2) 28.3 (20.1–42.0) <0.001
BMI (%)

Normal/Underweight 39 (39%) 25 (58%) 14 (25%)
Overweight 37 (37%) 15 (35%) 22 (39%)
Obese 23 (23%) 3 (7%) 20 (36%) <0.001

Menopausal status, n (%)
Pre 52 (54%) 32 (74%) 20 (37%)
Post 45 (46%) 11 (26%) 34 (63%)
Not reported 3 (3%) 1 (2%) 2 (4%) <0.001

Race, n (%)
Asian 14 (14%) 4 (9%) 10 (18%)
Black 8 (8%) 4 (9%) 4 (7%)
White 68 (68%) 32 (73%) 36 (64%)
Not reported 10 (10%) 4 (9%) 6 (11%) 0.625

Adipocyte diameter (mm)
Median (range) 102.5 (51.1–145.1) 95.9 (51.1–118.2) 105.8 (72.1–145.1) <0.001

Exercise (MET-hours/week)a

Median (range) 12.5 (0–137.5) 22.5 (0–137.5) 8 (0–78) 0.005
Hypertension, n (%) 18 (18%) 4 (9%) 14 (26%)b 0.038
Diabetes, n (%) 3 (3%) 0 (0%) 3 (5%)c 0.252
Dyslipidemia, n (%) 13 (13%) 1 (2%) 12 (22%)b 0.005
Tumor subtype, n (%)

HRþ, HER2� 56 (88%) 28 (88%) 28 (88%)
HER2þ 7 (11%) 4 (12%) 3 (10%)
Triple negative 1 (1%) 0 (0%) 1 (2%) 1.00
Noninvasive or benign 36 (36%) 12 (27%) 24 (43%) 0.142

Note: No data: a, n ¼ 6 (B-WATi absent) and n ¼ 11 (B-WATi present); b, n ¼ 2; c, n ¼ 1.
Abbreviations: BMI, body mass index; HR, hormone receptor; MET, metabolic equivalent task.

Table 2. Body composition measurements and breast white adipose tissue inflammation.

Variables All (n ¼ 100) B-WATi Absent (n ¼ 44) B-WATi Present (n ¼ 56) P

Total body fat (%)
Median (range) 38.8 (21.7–63.5) 34.7 (21.7–63.5) 42.5 (31.7–56.5) <0.001

Total fat mass (kg)
Median (range) 25.46 (9.82–55.04) 20.23 (9.82–42.65) 29.34 (15.89–55.04) <0.001

Total lean mass (kg)
Median (range) 39.14 (19.57–57.66) 37.55 (19.57–46.73) 40.08 (29.97–57.66) 0.043

Fat:Lean Ratio
Median (range) 0.64 (0.28–1.3) 0.56 (0.28–1.27) 0.74 (0.46–1.3) <0.001

Trunk fat (%)a

Median (range) 40 (18.2–60.8) 32.85 (18.2–59.1) 45.4 (30–60.8) <0.001
Trunk fat mass (kg)a

Median (range) 12.77 (3.73–29.11) 9.11 (3.73–21.9) 15.44 (7.07–29.11) <0.001
Waist:hip ratiob

Median (range) 0.84 (0.59–1.33) 0.82 (0.59–1.32) 0.84 (0.62–1.33) 0.268

Note: No data: a, n ¼ 1 (B-WATi absent); b, n ¼ 8 (B-WATi absent) and n ¼ 14 (B-WATi present).
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a BMI<25, levels of aromatase mRNA were increased in those
with B-WATi (P¼ 0.045) and correlated with the severity of B-
WATi (P ¼ 0.03; Fig. 2).

Discussion
Here we report that elevated body fat levels are associated

with breast inflammation, higher aromatase expression in
the breast, and dysregulation of circulating metabo-
inflammatory factors. Decreased exercise was associated with
both breast inflammation and dysregulated circulating
metabo-inflammatory factors. In addition, we report that
commonly measured blood biomarkers are predictive of
body fat levels and histological and molecular changes in
the breast that have been linked to the development and
progression of breast cancer.

The findings from this study confirm prior evidence that B-
WATi correlates with elevated BMI, the postmenopausal state
and features of the metabolic syndrome (14, 15). Collectively,
these findings suggest that inflammation contributes to the
increased risk of breast cancer associated with excess body fat,
the postmenopausal state, andmetabolic syndrome. Because of
the inherent limitations of using BMI as an objective measure-
ment of body fat, it was important to utilize DXA scans to
determine whether excess body fat correlated with both B-
WATi and aromatase levels. Adiposity assessment by DXA
provides highly accurate and reproducible measurements,
whereas anthropometric measures such as waist circumference
have variable sensitivity for diagnosing excess body fat (34, 35).
Our findings indicate that measurement of body fat using DXA
scan provides a more sensitive diagnosis of B-WATi than BMI
or waist-hip ratio. Interestingly, increased body fat including in

Table 3. Correlations among blood biomarkers, adiposity, exercise, and breast endpoints.

Breast
Blood marker BMI Total fat mass Trunk fat mass TMetHr Adipocyte diameter CLS-B/cm2 SIRT1 Aromatase

hsCRP
r (Spearman) 0.68 0.67 0.66 �0.25 0.47 0.42 �0.3 0.47
P <0.001 <0.001 <0.001 0.034 <0.001 <0.001 0.010 <0.001

IL6
r (Spearman) 0.48 0.48 0.50 �0.28 0.47 0.28 �0.46 0.43
P <0.001 <0.001 <0.001 0.018 <0.001 0.009 <0.001 <0.001

Leptin
r (Spearman) 0.81 0.85 0.82 �0.37 0.56 0.29 �0.46 0.43
P <0.001 <0.001 <0.001 0.001 <0.001 0.007 <0.001 <0.001

Adiponectin
r (Spearman) �0.21 �0.14 �0.21 0.24 �0.33 �0.28 0.27 �0.19
P 0.045 0.201 0.053 0.040 0.001 0.008 0.020 0.107

Insulin
r (Spearman) 0.57 0.51 0.50 �0.19 0.40 0.15 �0.31 0.37
P <0.001 <0.001 <0.001 0.108 <0.001 0.157 0.007 <0.001

SHBG
r (Spearman) �0.40 �0.37 �0.43 0.35 �0.41 �0.28 0.21 �0.29
P <0.001 <0.001 <0.001 0.003 <0.001 0.008 0.076 0.012

Abbreviation: TMetHr, total metabolic equivalent task hours;

Table 4. Body composition measurements and breast white adipose tissue inflammation in patients with BMI <25.

Variables All (n ¼ 39) B-WATi Absent (n ¼ 25) B-WATi Present (n ¼ 14) P

Total fat (%)
Median (range) 33.5 (21.7–43.8) 31 (21.7–38.7) 35.9 (31.7–43.8) 0.002

Total fat mass (kg)
Median (range) 17.74 (9.82–25.74) 16.51 (9.82–25.74) 20.46 (15.89–24.45) 0.004

Total lean mass (kg)
Median (range) 35.73 (19.57–45.59) 36.31 (19.57–45.59) 34.76 (29.97–43.01) 0.117

Fat:Lean Ratio
Median (range) 0.51 (0.28–0.84) 0.46 (0.28–0.84) 0.56 (0.46–0.78) 0.007

Trunk fat (%)a

Median (range) 30.3 (18.2–48.1) 27.8 (18.2–37.7) 36.2 (30–48.1) <0.001
Trunk fat mass (kg)a

Median (range) 7.56 (3.73–13.99) 6.98 (3.73–11.39) 9.69 (7.07–13.99) <0.001
Waist:hip ratiob

Median (range) 0.8 (0.59–1.33) 0.79 (0.59–1.32) 0.81 (0.7–1.33) 0.662

Note: No data: a, n ¼ 1 (B-WATi present); b, n ¼ 4 (B-WATi absent) and n ¼ 3 (B-WATi present).
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women with a normal BMI correlated with both B-WATi and
elevated breast aromatase levels. The fact that increased body
fat correlated with elevated breast aromatase levels in normal
BMI women provides important mechanistic insights into why
increased body fat is associated with a doubling in the risk of
HR-positive breast cancer in normal BMI postmenopausal
women (12). Although the precise mechanism by which aro-
matase levels increase in the context of excess body fat is
incompletely understood, one likely contributor is leptin, a
proinflammatory adipokine (36). In addition, B-WATi may
promote the growth of hormone-independent tumors via
metabolic dysregulation (e.g., elevated levels of insulin).
Numerous observational and preclinical studies have sug-

gested that exercise protects against the development and
progression of breast cancer (37–40). Exercise has a variety of
effects that can potentially explain this protective effect ranging
from modulating immune function to altering hormone
levels (41–46). Here we show for the first time that reduced
exercise is associated with B-WATi, which would be predicted,
in turn, to increase the risk of breast cancer or potentially
worsen prognosis. Certainly, this finding strengthens the ratio-
nale for incorporating exercise into lifestyle interventions
aimed at improving body composition and reducing B-WATi.

This finding also underscores the need to include women with
normal BMI and elevated body fat levels in exercise interven-
tion trials.
Blood biomarkers are commonly measured in studies that

focus on the link between obesity and cancer (47–51). Our
observation that blood levels of hsCRP, IL6, leptin and insulin
increasedwhereas SHBGdecreased in associationwith elevated
BMI, total and trunk fat mass is consistent with previously
published reports. A negative correlation was observed
between the amount of exercise and blood levels of hsCRP,
IL6, and leptin whereas a positive correlation was found with
blood levels of adiponectin and SHBG; these correlations with
exercise are interesting but may simply reflect the inverse
relationship between exercise and body fat. Importantly, very
little is known about the relationship between these commonly
measured blood biomarkers and the state of the breast micro-
environment. Here we found that blood levels of hsCRP, IL6,
leptin, and insulin positively correlate with breast adipocyte
size, the severity of B-WATi or both. Excess body fat manifests
as adipocyte hypertrophy at the microscopic level, and these
observations are consistent with our prior studies in which
increased breast adipocyte size and B-WATi were associated
with elevated levels of inflammatory biomarkers (hsCRP, IL6),

Figure 2.

Breast aromatase levels correlate with adiposity and B-WATi in patients with BMI < 25. Among the 39 normal weight patients in this study, correlations among
aromatase expression in the breast and BMI (A), adipocyte diameter (B), total fat percentage (C), trunk fat percentage (D), the presence of B-WATi (E), and the
severity of B-WATi (F).
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an adipokine (leptin) and insulin resistance. These findings
suggest that B-WATi may also promote tumor growth via
estrogen-independent mechanisms. A negative correlation was
observed for blood adiponectin and SHBG levels and both
breast adipocyte size and the severity of B-WATi. This result is
consistent with excess body fat being associated with both
suppression of adiponectin gene expression (52) and insulin
resistance; elevated insulin levels, a known consequence of
insulin resistance, downregulate levels of SHBG (53). In addi-
tion to inflammation and expansion of the breast fat depot, we
found that the measured blood biomarkers are predictive of
aromatase levels in the breast. Aromatase is the rate-limiting
enzyme in estrogen biosynthesis and is the target of widely used
medications (i.e., aromatase inhibitors) for breast cancer pre-
vention and treatment. In this study, blood levels of hsCRP, IL6,
leptin, and insulin all positively correlated with breast aroma-
tase levels. Because each of these blood biomarkers increases
with excess body fat as does breast aromatase, it is not sur-
prising that the blood biomarkers correlate with aromatase
levels. Blood levels of SHBG inversely correlated with breast
aromatase levels. The reduced levels of SHBG should result in
increased free estradiol levels. At the same time, a reduction in
blood SHBG predicts for elevated levels of aromatase and
presumably increased breast estrogens. Reduced levels of
SIRT1 occur in the breast tissue of obese women and contribute
to elevated aromatase expression (54, 55). In line with other
findings, levels of proinflammatory biomarkers including
hsCRP, IL6, and leptin were all inversely related to breast
SIRT1 levels, whereas SIRT1 levels were positively correlated
with blood levels of adiponectin. Although previous studies
have demonstrated a relationship between these blood bio-
markers and either the development or progression of breast
cancer, we demonstrate that these blood biomarkers provide a
window to important histologic and molecular changes in the
breast that are linked to cancer. Additional studies will be
needed to determine if measurements of body fat levels in
conjunction with blood biomarkers are more useful than blood
biomarkers alone for determining cancer risk.
Finally, we note that this is a cross-sectional study and that

the observed correlations do not indicate causation. Further-
more, women included in this study underwent mastectomy
for breast cancer treatment or as prophylaxis due to high risk.
Therefore, future prospective trials are needed to rule out
reverse causation and test whether lowering levels of body fat
impact breast cancer risk and/or outcomes. Such trials should
be conducted in both the primary and secondary risk settings
for better applicability and generalizability. Our finding that
aromatase levels are increased in the breasts of women with
excess body fat suggests that either an aromatase inhibitor or
selective estrogen receptor modulator (SERM) might reduce
the risk of HR-positive breast cancer in this high-risk group. In
fact, it is known that aromatase inhibitors are beneficial at
reducing the risk of HR-positive breast cancer even in normal
BMI women (56, 57). However, due to safety concerns and side
effects, most women are reluctant to use antiestrogens long

term to reduce the risk of breast cancer (58). Alternate strat-
egies warrant consideration. In the future, it is possible that a
role for weight loss medications will be identified. Lifestyle
interventions that aim to improve body composition ranging
from time-restricted eating to whole food plant-based diets
used alone or in combinationwith exercise alsowarrant testing.
It is possible, for example, that normal BMI postmenopausal
women with excess body fat will benefit from such an inter-
vention. These results suggest that future intervention trials
should include blood biomarkers that correlate with both body
composition and breast biology.
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