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Background. Mechanisms underlying the obesity-breast cancer link involve inflammation but need to be elucidated. Determining
obesity by combining body mass index (BMI) with the waist circumference (WC) may clarify the role of inflammatory and
hormonally related markers in breast cancer. We examined the effect of combining adiposity indices (BMI/WC) with the gene
expression of several biomarkers involved in breast cancer. Methods. Expression of cytochrome P450 family 19 subfamily A
member 1 (CYP19A1), estrogen receptor-alpha (ER-α), allograft inflammatory factor 1 (AIF1), cyclooxygenase-2 (COX2),
interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and leptin (LEP) in 141 adipose breast tissues was quantified using
qPCR method. BMI and WC were measured by a trained nurse and categorized using the median split, BMILOWCLO, BMI-
LOWCHI, BMIHIWCLO, and BMIHIWCHI. Results. Gene expression of IL-6 (3-fold), TNF-α (2-fold), and LEP (2-fold) was higher
in the breast adipose tissue of women with high WC regardless of BMI, that is, BMILOWCHI and BMIHIWCHI women (all
P< 0.01). Compared to BMILOWCLO women, gene expression of CYP19A1, COX2, and AIF1 was increased by two-fold in breast
adipose tissue of BMIHIWCHI women (P< 0.10). ER-αwas not different across adiposity categories.Conclusions.*e expression of
some biomarkers, particularly those related to inflammation, is elevated in breast adipose tissue of women with a high WC
independent of BMI. Obesity monitoring should also include women with normal or low BMI, but with central adiposity.

1. Introduction

Obesity is a complex and serious chronic disease caused by a
web of interacting factors (genetic, metabolic, behavioural,
and environmental) that are thought to be major drivers
behind the continuing rise in obesity prevalence [1]. As
obesity numbers climb, so will obesity-related morbidity and
mortality [2]. *is is especially important because over-
weight and obesity are strong risk factors for chronic

diseases and are causally linked to several cancers, including
breast cancer, the most commonly occurring cancer among
women [3].

Overweight and obesity are characterized by increased
body fatness, often assessed using the body mass index or
BMI (weight in kilograms divided by the square of height in
meters). However, BMI does not account for body shape or
body fat distribution [4–6]. Body fat distribution between
individuals with similar BMIs can show significant variation

Hindawi
Journal of Obesity
Volume 2021, Article ID 3620147, 10 pages
https://doi.org/10.1155/2021/3620147

mailto:caroline.diorio@crchudequebec.ulaval.ca
https://orcid.org/0000-0003-3440-4102
https://orcid.org/0000-0002-2587-1000
https://orcid.org/0000-0001-8012-4641
https://orcid.org/0000-0001-5355-7345
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/3620147


and so may not adequately capture adverse health risks [7].
Research has shown that anthropometric indices such as
waist circumference (WC), which approximates the accu-
mulation of abdominal fat, provides additional information
on breast cancer risk or prognosis that is independent of
BMI [8, 9]. Combining WC with BMI may allow further
refinement in identifying individuals at risk for obesity-
related health risks [1, 8].

Studies have shown that obesity defined by BMI or WC
increases breast cancer risk [9, 10] and mortality [11].
Obesity-related adipose tissue dysfunction in the breast is
presumably a major contributing factor in this association
[12]. Obesity promotes the expansion and ensuing dysre-
gulation of adipose tissue, which bolsters the production and
secretion of adipokines and the infiltration of many immune
cell types [13]. *ese cells produce and release cytokines,
notably tumor necrosis factor-α and interleukin-6 [12], that
induce a state of chronic subclinical inflammation [14].
*ese cytokines, in turn, activate various pathways that can
modify the breast microenvironment into one that promotes
tumor initiation and development [12]. Inflamed breast
adipose tissue is observed consistently in women with ele-
vated body fat [15]. What is surprising is that adipose tissue
expansion in the breast is also found in women with elevated
levels of body fat but of normal-weight assessed by BMI [16].
*is makes sense when we consider that higher visceral
adiposity contributes to systemic and local inflammatory
and hormonal imbalances [17] and that breast adipocyte
hypertrophy is strongly correlated with WC [18]. Collec-
tively, this means that breast inflammation is telling of a
hyperadipose state that appears to be relatively independent
of BMI, suggesting that the latter may offer incomplete
information, especially when examining relationships in the
breast cancer-obesity axis [15]. Given the importance of
central obesity, as reflected by the WC, on health outcomes,
a few researchers have examined the combined effect of both
BMI and WC on breast cancer risk and prognosis with
inconsistent but often positive results in increasing risks
[19–22].

Here, we sought to understand the effects of combining
adiposity indices on the variation in inflammation- and
hormone-related markers in the breast microenvironment
to shed light on results from prospective studies of breast
cancer risk and mortality. By using tissue-based rather than
systemic biomarkers, we postulate that we are more likely to
measure the local breast tissue-specific effects of obesity on
inflammation and provide insight into possible underlying
mechanisms. We aimed to investigate the association be-
tween obesity, by combining BMI and WC, and the relative
gene expression of biomarkers associated with breast cancer
in breast adipose tissue.

2. Materials and Methods

2.1. Study Population. Our study population included pre-
and postmenopausal women diagnosed with breast cancer
prospectively recruited between January 2011 and May 2012
at the Deschênes-Fabia Center for Breast Diseases in Quebec
City, Canada, a breast cancer reference center. Details of the

study design, recruitment, and data collection process have
been previously published [23]. Briefly, women were invited
to participate in the study if they were between 30 and 69
years of age and received no treatment before their mas-
tectomy. In total, 165 women were eligible for the study,
which was approved by the CHU de Quebec Research
Center Ethics Board. All women provided written consent to
participate in this study.

2.2. Data Collection. Data concerning breast cancer risk
factors such as age at surgery and menopausal status were
collected during a telephone interview and anthropometric
factors (weight, height, waist circumference, and hip cir-
cumference) were measured using standardized methods
[24]. BMI was calculated as weight (kg) divided by the
squared height (m2). Given the small sample size, partici-
pants were classified as having either high or low adiposity
levels based on the median BMI and WC split. Women with
a low BMI <25.5 kg/m2 or WC< 86 cm were denoted BMILO
or WCLO, while women with a high BMI ≥25.5 kg/m2 or
WC≥ 86 cm were denoted BMIHI or WCHI. Data were
combined to create four categories of joined adiposity pa-
rameters: BMILOWCLO, BMILOWCHI, BMIHIWCLO, and
BMIHIWCHI.

2.3. Quantitative Real-Time PCR Analysis. We used relative
gene expression data obtained from a previous study [25].
Briefly, formalin-fixed paraffin-embedded (FFPE) mastec-
tomy specimens were obtained for 141 breast cancer pa-
tients. Total RNA was extracted using miRNeasy (FFPE) kit
(Qiagen) from fifteen 0.6mm cores of breast adipose tissue
obtained more than 1.0 cm distal to the tumor. For some
women, breast adipose could not be harvested due to in-
sufficient material; therefore, the number of women varies
between markers. Relative quantity for cytochrome P450
family 19 subfamily A member 1 (CYP19A1), estrogen
receptor-alpha (ER-α), allograft inflammatory factor 1 iso-
form 1 (AIF1), cyclooxygenase-2 (COX2), interleukin-6 (IL-
6), tumor necrosis factor-alpha (TNF-α), and leptin (LEP)
was calculated using the fit point method. Relative gene
expressions were calculated by applying the delta Ct method
[26]. qRT-PCR analyses were performed by the CHU de
Quebec Research Center (CHUL) Gene Expression Plat-
form, Quebec, Canada, and were compliant with MIQE
guidelines [27, 28].

2.4. Statistical Analyses. Descriptive data are presented as
means± standard deviation (SD) or as medians with
interquartile ranges (IQRs). Relative CYP19A1, ER-α, AIF1,
COX2, IL-6, TNF-α, and LEP expression was compared
across combined adiposity categories (BMILOWCLO, BMI-
LOWCHI, BMIHIWCLO, and BMIHIWCHI) using nonpara-
metric Kruskal–Wallis test for overall group differences.
Between-group comparisons were performed with Dunn’s
post hoc test using Benjamini–Hochberg (BH) false-positive
correction [29] using RStudio, version 1.1.143.
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Associations between combined adiposity categories and
gene expressions were analyzed using linear mixed models
with a repeated statement to account for the nonconstant
variance among the residuals. All models were adjusted for
age at surgery, menopausal status, and PCR batch. Bio-
marker gene expressions were log-transformed to comply
with Gaussian assumptions in the models. Results were
back-transformed and expressed as adjusted least-square
geometric means and least-square geometric mean ratios
with 95% confidence intervals. SAS 9.4 was used to carry out
statistical analyses.

2.5. Sensitivity Analyses. Sensitivity analyses were carried
out after excluding participants with a very low BMI
≤18.5 kg/m2 (n� 2) since underweight women may differ
from the rest of the population [30, 31]. We also conducted
an analysis restricting to women diagnosed with higher
tumor grade (grades 2 and 3) obtained frommedical records
to determine associations in a homogenous group (n� 95).
Finally, we conducted a further sensitivity analysis using
standard overweight or obese cut-offs (BMI≥ 25.0 kg/m2 or
WC≥ 88 cm) [32] to examine if the main results still held.

3. Results

3.1. PatientCharacteristics. Table 1 details the characteristics
of the 141 study participants across adiposity categories.
According to the combined adiposity classification, most
women were classified in BMI and WC concordant cate-
gories: fifty-nine (41.8%) women were classified BMILOW-
CLO and 63 (44.7%) BMIHIWCHI. *ere were fewer women
in BMI and WC discordant categories with ten women
(7.1%) classified BMILOWCHI and nine (6.4%) BMIHIWCLO.
Women were older with an average age of 54 years in
categories with a high WC than those with a lower WC.
Likewise, in these two categories, women were predomi-
nantly postmenopausal, 60.0% in BMILOWCHI and 57.1% in
BMIHIWCHI.

3.2. Analysis of Relative Gene Expression across Combined
Adiposity Categories. Analysis of the overall differences in
gene expression of CYP19A1, ER-α, AIF1, COX2, IL-6,
TNF-α, and LEP was performed across BMILOWCLO,
BMILOWCHI, BMIHIWCLO, and BMIHIWCHI adiposity
categories (Figures 1(a)–1(g)). Gene expression was signif-
icantly different overall across adiposity categories for
CYP19A1 (P � 0.017), IL-6 (P � 0.0024), TNF-α (P � 0.022),
and LEP (P< 0.00001). *ere were no overall group dif-
ferences in expression of ER-α (P � 0.42) and COX2
(P � 0.11), but near significant for AIF1 (P � 0.079). When
comparing gene expression differences between adiposity
groups, BMIHIWCHI women had higher CYP19A1
(P � 0.014), IL-6 (P � 0.005), and LEP expression
(P< 0.00001) compared to BMILOWCLOwomen. Expression
of IL-6 and LEP was also upregulated in women in the
BMILOWCHI category (P � 0.034 and P< 0.01, respectively)
compared to women in the BMILOWCLO category.

3.3. Differences in Relative Gene Expression among Combined
Adiposity Categories. No significant differences were found
in the adjusted geometric means (GM) of CYP19A1, ER-α,
AIF1, and COX2 across joint adiposity categories (Table 2),
although adjusted GMs of CYP19A1, AIF1, and COX2 were
borderline significant (P � 0.0899, P � 0.0633, P � 0.0900,
respectively). Compared to women in the BMILOWCLO

category, mean CYP19A1 expression was significantly
higher in BMIHIWCHI (ratio of GM (GMR), 1.77; 95%
confidence interval (CI), 1.11–2.82; P � 0.0184), but not
significant in BMILOWCHI women (GMR, 2.53; 95% CI,
0.68–9.39; P � 0.1672). Similarly, mean AIF1 expression was
higher in BMIHIWCHI (GMR, 2.12; 95% CI, 1.17–3.86;
P � 0.0163) and BMILOWCHI women (GMR, 4.17; 95% CI,
0.93–18.76; P � 0.0671). Expression levels of COX2 were also
significantly higher in BMIHIWCHI (GMR, 2.00; 95%,
1.08–3.69; P � 0.0312) but not in BMILOWCHI women
(GMR, 2.01; 95%, 0.69–5.90; P � 0.2074) when compared to
BMILOWCLO women. Adjusted GMs of IL-6, TNF-α, and
LEP were significantly different across combined categories
(all P< 0.01) (Table 2). Notably, the expression of these three
markers was higher in adiposity categories where WC was
high, regardless of BMI. Adjusted mean IL-6 expression
levels were higher in BMIHIWCHI (GMR, 2.96; 95% CI,
1.59–5.49; P � 0.0010) and BMILOWCHI (GMR, 3.21; 95%
CI, 1.12–9.17; P � 0.0333) compared to BMILOWCLO

women. Similarly, GMs of TNF-α were higher in BMI-
HIWCHI (GMR, 2.49; 95% CI, 1.55–4.01; P � 0.0004) and
BMILOWCHI women (GMR, 3.18; 95% CI, 1.06–9.55;
P � 0.0436). Concerning LEP, GMs were higher in all
combinations of BMI and WC when compared to BMI-
LOWCLO women. Compared to women in the BMILOWCLO

category, GM ratios were higher in BMIHIWCLO (GMR,
1.73; 95% CI, 1.11–2.68; P � 0.0176), BMIHIWCHI (GMR,
2.49; 95% CI, 1.69–3.68; P< 0.0001), and BMILOWCHI

women (GMR, 2.31; 95% CI, 1.31–4.08; P � 0.0052).
*ere were no appreciable differences in sensitivity

analysis when excluding women with BMI ≤18.5 kg/m2.
Similar results were obtained when restricted to women
diagnosed with higher-grade tumors but were somewhat
stronger than those that included lower grades. Analyses
using BMI ≥25.0 kg/m2 or WC≥ 88 cm cut-offs showed
similar trends, although results for BMILOWCHI were less
precise (see Tables S1–S3 in the Supplementary Materials for
results of sensitivity analyses).

4. Discussion

In this first cross-sectional study, examining breast tissue-
specific biomarker expression with combined obesity pa-
rameters, we found that mean expression levels of IL-6,
TNF-α, and LEP were higher in the breast adipose tissue of
women with WC≥ 86 cm, regardless of BMI. Mean ex-
pression levels of CYP19A1 and AIF1 were also increased in
these women though not significantly in BMILOWCHI

women. *ese results suggest that breast adipose inflam-
mation occurs with excess central adiposity, as proxied here
by WC.
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Table 1: Characteristics of study population n� 141.

Characteristics
Adiposity combinations1

BMILOWCLO BMILOWCHI BMIHIWCLO BMIHIWCHI

n (%) 59 (41.8) 10 (7.1) 9 (6.4) 63 (44.7)
Age at surgery, years (mean± SD) 50.4± 7.4 54.4± 9.8 52.0± 6.9 54.1± 7.4
Postmenopausal, n (%) 22 (37.3) 6 (60.0) 3 (33.3) 36 (57.1)
BMI, kg/m2 (median (IQR)) 22.7 (21.2–24.2) 24.3 (23.4–25.2) 26.1 (26.0–26.9) 30.1 (27.4–35.1)
WC, cm (median (IQR)) 75.0 (72.0–79.0) 86.0 (86.0–88.0) 83.0 (81.0–85.0) 95.0 (90.0–104.0)
1BMIHI is ≥median (25.5 kg/m2); WCHI is≥median (86.0 cm). BMI� body mass index; WC�waist circumference; LO� low adiposity; HI� high adiposity;
SD� standard deviation; IQR� interquartile range.
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Figure 1: Continued.
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Findings from this study share similarities to those
reporting systemic or local levels of inflammatory or hor-
monal dysfunction in normal-weight women as defined by
BMI. Inflammation, characterized by crown-like structures,
was reportedly present in the breast adipose tissue of 39% of
the 72 women with normal-weight (BMI< 25 kg/m2) un-
dergoing risk-reducing or treatment mastectomies [16].
What is perhaps more important is that these alterations in
breast adipose tissue were similar to those associated with
elevated BMI [16]. Specifically, we found that mean ex-
pressions of IL-6 (3-fold), TNF-α (2-fold), and LEP (2-fold)
were higher in the breast adipose tissue of women with high
WC regardless of BMI. *ese findings echo those studies

using circulating measurements of inflammatory markers
and other adiposity measures, such as those that are cor-
related with WC. For instance, one study showed that
normal-weight women with higher fat mass (FM), defined as
BMI< 25 kg/m2, and % FM> 30%, had higher levels of
circulating proinflammatory cytokines compared to women
who are nonobese (P< 0.001, for IL-6 and TNF-α) [14].
More importantly, these levels were not significantly dif-
ferent from those of women with obesity. Another study of
normal-weight postmenopausal women (BMI� 18.5 to
24.9 kg/m2) [15] showed that circulating IL-6 and leptin
concentrations were significantly higher in women in the
highest quartile of trunk fat mass (determined by dual-
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Figure 1: Relative expression of CYP19A1, ER-α, AIF1, COX2, IL-6, TNF-α, and LEP mRNA in breast adipose tissue, as obtained with RT-
qPCR. Box plots represent RQ expression values for each adiposity group. BMI andWC were dichotomized at the median and combined to
form the following low (LO) and high (HI) adiposity combined categories: BMILOWCLO, BMIHIWCLO, BMIHIWCHI, and BMILOWCHI. For
each adiposity group, biomarker median values are shown as horizontal lines; gray boxes represent the interquartile range and the bars the
full range. Kruskal–Wallis test showed significant differences in biomarker gene expression across adiposity groups for (a) CYP19A1
(P � 0.017), (e) IL-6 (P � 0.0024), (f ) TNF-α (P � 0.022), and (g) LEP (P< 0.00001).*ere were no significant differences in expression of (b)
ER-α (P � 0.42), (c) AIF1 (P � 0.079), and (d) COX2 (P � 0.11). Significant differences remained after post hoc Dunn’s test using Benjamini-
Hochberg correction in (a) CYP19A1, BMILOWCLO vs. BMIHIWCHI, P � 0.014, (e) IL-6, BMILOWCLO vs. BMIHIWCHI, P � 0.005, and
BMILOWCLO vs. BMILOWCHI, P � 0.034, and (g) LEP, BMILOWCLO vs. BMIHIWCHI, P< 0.00001, and BMILOWCLO vs. BMILOWCHI,
P< 0.01. RT-PCR� quantitative real-time PCR; RQ� relative quantification; BMI, body mass index; WC�waist circumference.
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energy X-ray absorptiometry (DXA)) than in the lowest
(P< 0.05 for IL-6 and P< 0.01 for leptin). Notably, in our
study, leptin was significantly expressed in the breast adipose
tissue of women with either high BMI or WC compared to
BMILOWCLO women. Possibly, because leptin is correlated
with overall weight [17], it may be associated with general
obesity despite the absence of central adiposity.

Although CYP19A1, AIF1, and COX2 expressions were
not significantly different in BMILOWCHI women (possibly
due to a lack of power), they were still 2- and 4-fold higher
than in BMILOWCLO women. *ese biomarkers were also
elevated in BMIHIWCHI women. Still, plausibility is sup-
ported by the fact that AIF1 is an adipokine previously
described as being correlated with the waist-to-hip ratio
(r� 0.23) and not BMI [25] and is associated with adverse
metabolic phenotypes in women with obesity [33]. Because
obesity is associated with increased aromatase activity [34], it
is not surprising that women with high WC had increased
CYP19A1 expression in breast adipose tissue. We can tie
these results to WC because white adipose tissue, in con-
ditions of obesity, contributes to elevated circulating es-
trogens [35] and subsequent aromatization of the breast
adipose tissue [17]. While COX2 mRNA levels have also

been higher in the breast tissue of obese than in normal-
weight women, it is unclear if this is the case in breast
adipose [36]. Unlike the other biomarkers, ER-α expression
was not significantly different between adiposity categories.
Others have reported that ER-α is reduced in the abdominal
subcutaneous adipose tissue of obese vs. nonobese pre-
menopausal women [37, 38]. In vitro studies also suggest
that the cancerogenic effects of breast adipocytes are perhaps
stimulated by ER-α deficiency and that this loss in ER-α
signaling in adipose tissue promotes obesity [37]. Overall,
the fact that biomarker expression in the breast adipose
tissue of BMIHIWCLO and BMILOWCLO women was similar
in our study underscores the importance of central obesity.
*ese findings build from earlier work by Vaysse et al. [39],
suggesting that breast adipose tissue inflammation is more
likely to occur in patients with visceral adiposity.

To our knowledge, this is the first study examining the
expression of inflammatory and hormonal biomarkers in the
local breast microenvironment as a function of combined
adiposity measurements. How these results tie into those of
prospective studies in terms of breast cancer outcomes is yet
unclear, and few studies have examined combined adiposity
categories with breast cancer risk [19, 22] or prognosis

Table 2: Breast adipose tissue biomarker mRNA expression according to combined adiposity (n� 141).

Biomarkers n
Geometric meansa

P value b Ratioc
P value b

(95% Cl) (95% CI)

CYP19A1

BMILOWCLO 59 0.022 (0.016–0.032) 0.0899 1 Ref.
BMIHIWCLO 9 0.027 (0.011–0.066) 1.22 (0.46–3.21) 0.6904
BMILOWCHI 10 0.056 (0.016–0.199) 2.53 (0.68–9.39) 0.1672
BMIHIWCHI 63 0.039 (0.029–0.053) 1.77 (1.11–2.82) 0.0184

ER-α

BMILOWCLO 59 0.216 (0.181–0.258) 0.3641 1 Ref.
BMIHIWCLO 9 0.199 (0.137–0.289) 0.92 (0.61–1.39) 0.6932
BMILOWCHI 10 0.185 (0.110–0.313) 0.86 (0.49–1.49) 0.5879
BMIHIWCHI 63 0.171 (0.142–0.205) 0.79 (0.61–1.02) 0.0777

AIF1

BMILOWCLO 35 0.068 (0.044–0.107) 0.0633 1 Ref.
BMIHIWCLO 3 0.129 (0.024–0.705) 1.89 (0.33–10.80) 0.4768
BMILOWCHI 7 0.285 (0.069–1.180) 4.17 (0.93–18.76) 0.0671
BMIHIWCHI 29 0.145 (0.100–0.210) 2.12 (1.17–3.86) 0.0163

COX2

BMILOWCLO 34 0.192 (0.122–0.300) 0.0900 1 Ref.
BMIHIWCLO 3 0.144 (0.060–0.344) 0.75 (0.29–1.96) 0.5619
BMILOWCHI 7 0.386 (0.149–0.999) 2.01 (0.69–5.90) 0.2074
BMIHIWCHI 29 0.383 (0.259–0.566) 2.00 (1.08–3.69) 0.0312

IL-6

BMILOWCLO 35 0.464 (0.300–0.719) 0.0085 1 Ref.
BMIHIWCLO 3 0.654 (0.183–2.343) 1.41 (0.37–5.35) 0.6162
BMILOWCHI 7 1.489 (0.589–3.764) 3.21 (1.12–9.17) 0.0333
BMIHIWCHI 29 1.373 (0.915–2.060) 2.96 (1.59–5.49) 0.0010

TNF-α

BMILOWCLO 31 0.006 (0.005–0.009) 0.0006 1 Ref.
BMIHIWCLO 2 0.004 (0.002–0.008) 0.67 (0.32–1.40) 0.2917
BMILOWCHI 5 0.020 (0.007–0.060) 3.18 (1.06–9.55) 0.0436
BMIHIWCHI 26 0.016 (0.011–0.022) 2.49 (1.55–4.01) 0.0004

LEP

BMILOWCLO 35 1.005 (0.766–1.319) 0.0002 1 Ref.
BMIHIWCLO 3 1.734 (1.204–2.497) 1.73 (1.11–2.68) 0.0176
BMILOWCHI 7 2.323 (1.440–3.747) 2.31 (1.31–4.08) 0.0052
BMIHIWCHI 29 2.502 (1.927–3.250) 2.49 (1.69–3.68) <0.0001

CYP19A1� cytochrome P450 family 19 subfamily A member 1; ER-α� estrogen receptor-alpha; AIF1� allograft inflammatory factor 1;
COX2� cyclooxygenase-2; IL-6� interleukin-6; TNF-α� tumor necrosis factor-alpha; LEP� leptin. aBack-transformed least-square means and confidence
intervals (CI) from mixed-effects model performed on natural log-transformed values, adjusted for age at surgery, menopausal status, and PCR batch.b P

values were calculated with mixed models performed on the logarithms of biomarker level data. P values in bold indicate P< 0.05. cLeast-square geometric
mean ratio compared with adiposity category BMILOWCLO (reference) after adjusting for age, menopausal status, and PCR batch.
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[20, 21]. Notwithstanding methodological differences (an-
thropometric measurement cut-offs, populations) between
the studies, some results are worth highlighting. For in-
stance, Park et al. [19] reported that postmenopausal nor-
mal-weight women with central adiposity had more than
40–60% increased risk of developing breast cancer
depending on waist size (WC≥ 80 cm; hazard ratio (HR),
1.38; 95% CI, 1.09–1.75; and WC≥ 88 cm; HR, 1.58; 95% CI,
1.02–2.46) compared to normal-weight women with low
WC [19]. *ese increased risks were also reported in women
with BMI ≥25 kg/m2 and central adiposity. Wang et al. [22],
on the other hand, did not report significant results in a
population of Chinese women using combinedWC (≤73.33,
73.33–76.67, 76.67–83.33, and >83.33 cm) and BMI (≤24
and >24 kg/m2) cut-offs, although the results for women
with BMI ≤24 kg/m2 and WC> 83.33 cm were borderline
(odds ratio, 1.49; 95% CI, 0.91–2.42). In terms of prognosis,
one study found that the risk of breast cancer recurrence and
mortality was significantly increased only among women
with high BMI (≥25 kg/m2) and WC (≥80 cm) or when
combined with high breast volume [21]. However, combined
adiposity categories had few events, and the authors noted
possible insufficient power. Chen et al. [20] reported that
combined high WC and high BMI were independent
prognostic factors for disease-free and overall survival
among women with triple-negative breast cancer. However,
this study only compared the results againstWC< 80 cm and
BMI <25 kg/m2 women and discordant adiposity categories
were not considered.

Although studies on breast cancer risk and prognosis
and combined WC and BMI are divided and few, there is
supporting evidence from related studies that underscore the
importance of using measurements of central obesity in
addition to BMI for risk-stratification. We know from
studies of normal-weight postmenopausal women that those
with central obesity have a 20% increased risk of dying from
all-cause cancer than women without central obesity [6]. In
one study using DXA measurements to quantify body fat,
normal-weight postmenopausal women in the highest
quartile of trunk fat mass had increased breast cancer risk
compared to the lowest quartile (HR, 1.88; 95% CI,
1.18–2.98) [15]. WC was positively correlated to trunk fat
mass in the study (r� 0.68) [15]. Collectively, these findings
make sense considering that obesity promotes white adipose
tissue dysfunction [40], which then orchestrates many cel-
lular responses: increased secretion of proinflammatory
mediators such as TNF-α and IL-6 [41], overproduction of
leptin by adipocytes [35], and over activation of tran-
scription factors [15, 17, 35]. *ese biologically active factors
are thought to mediate the obesity and cancer relationship
[41] by deregulating common signaling pathways, including
PI3K/Akt/mTOR, a major pathway implicated in breast
cancer and involved in tumor initiation, progression,
growth, proliferation, invasion, and metabolism [35]. In
women with obesity, systemic and local dysregulation of the
inflammatory response is found mainly in visceral fat and
breast adipose tissue [41, 42]. Obesity may also trigger in-
flammatory pathways that increase TNF-α production in the
adipose tissue, which in turn induce aromatase expression in

adipose fibroblasts [34]. Aromatase expressed in adipose
tissue could allow for a permissive carcinogenic environ-
ment due to the proximity of breast adipocytes to nearby
breast epithelial cells [41, 43]. Excessive accumulation of
adipose tissue, particularly visceral adipose tissue, may
stimulate many local and systemic procarcinogenic mech-
anisms [40]. *ese observations support our findings of
locally elevated expression levels of inflammatory and
hormonal biomarkers in breast adipose tissue in women
with high WC, irrespective of their BMI.

Our results, albeit exploratory, suggest important im-
plications from a clinical and public health standpoint. One
of the challenges when classifying patients as a function of
both BMI andWC is that both these measures are correlated,
although not perfectly [44]. *is leads to categories of ad-
iposity that contain few women, as was the case in this study
and others. However, given that the prevalence of normal-
weight metabolically obese individuals is estimated to range
between 13% and 38% [45], the proportion of women in
discordant adiposity categories in the population, BMI-
LOWCHI or BMIHIWCLO, is not negligible. What is more,
WC seems to be increasing beyond changes expected in BMI
[8]. For instance, in Canada, it is estimated that between
1981 and 2007, WC in women increased by 4.9 cm for a BMI
of 25 kg/m2 [8]. *is means that the number of women in
these categories stands to increase. *ere is currently no
consensus on which anthropometric measurement is best to
assess abdominal adiposity [8]. For its simplicity and clinical
applicability, the ICCR Working Group on Visceral Obesity
recommended the use of WC [8]. In their consensus
statement, they argued for the usage of a combination of
BMI and WC to identify high-risk obesity profiles [8].
Considering that normal-weight women, as defined by BMI,
carrying excess abdominal fat are currently not flagged for
weight-managing interventions, this represents a missed
opportunity for risk evaluation and intervention programs
for an at-risk group of women [6]. Weaving together the
results from this study and those of prospective studies,
women with high WC but with normal BMI may share
similar inflammatory profiles in the breast adipose tissue as
women considered obese by BMI, which could also account
for their similar breast cancer risks and prognosis trajectory.

4.1. Strengths and Limitations of the Study. Most epidemi-
ologic studies of inflammation, obesity, and breast cancer
have used systemic inflammatory markers, but these have
short half-lives and are not likely to reflect the effects of
obesity directly on the breast microenvironment [12]. Here,
we show results for several biomarkers that were quantified
in breast adipose tissue, not in close proximity, yet near the
breast tumor, thus adding to their relevance. Because pre-
vious studies on in situ markers of breast tissue inflam-
mation have been mainly limited to crown-like structures
[39], our study adds to the body of knowledge on breast
tissue inflammation. However, our results should be con-
sidered in light of some limitations. We acknowledge that
this study involved a small sample size and that consequently
discordant adiposity categories were sparse. With this in
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mind, adiposity categories were created by dichotomizing
WC and BMI using the median split, which may have led to
misclassification of our obesity exposure. However, our
median BMI cut-off of 25.5 kg/m2 was within the over-
weight/obesity range, and our WC of 86 cm falls within the
range of what is considered a risky or extremely risky WC
(80–88 cm) [32]. As part of our sensitivity analyses, we
repeated the analyses using standard cut-offs for obesity
(BMI≥ 25.0 kg/m2 or WC≥ 88 cm) [32], which resulted in
smaller sample sizes and larger standard errors for BMI-
LOWCHI women. However, the overall pattern of results
remained similar to ourmain analysis. Although we adjusted
for age, menopausal status, and PCR batch, there may be
residual confounding from unmeasured confounders. Fur-
thermore, we were unable to explore the effect of meno-
pausal status on associations. Given that mechanisms
linking obesity to breast cancer risk may differ between
premenopausal and postmenopausal women [46], this
question is worth exploring further. Lastly, though our
cross-sectional study design prevents the possibility of causal
interpretation, it does provide some future lines of
questioning.

5. Conclusions

We found that CYP19A1, AIF1, IL-6, TNF-α, and LEP
expression in breast adipose tissue was higher in women
with central adiposity, irrespective of BMI. BMIHIWCHI and
BMILOWCHI women had comparable inflammation- and
hormone-related expression profiles in the breast adipose
tissue. Considering that central obesity promotes chronic
systemic and local inflammation and hormonal imbalances
associated with breast cancer risk and poor prognosis, our
results imply that an important subgroup of women may be
misclassified as “not at risk” if we only use BMI to define
obesity. From a public health perspective, this could have
many implications as BMILOWCHI women are not currently
targeted for risk-reducing strategies. However, further
studies are warranted in larger prospective studies to con-
firm the results of this first study.
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