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Abstract: Obesity is a risk factor for the development of breast cancer, like many other cancers, and we aimed to 
evaluate the association between abdominal fat distribution and muscle mass measured on computed tomography 
(CT) and triple-negative breast cancer subtype in women. We studied 421 patients with breast cancer diagnosed at 
our hospital who had an abdominal CT scan. Abdominal fat distribution, including visceral, subcutaneous, and total 
fat amounts in mm2, and paraspinal muscle density (psoas, erector spinae multifidus, and total muscle density) 
were measured using CT scans. Analysis was performed to assess the association between participants’ medical 
information obtained from electronic medical records (EMR), abdominal fat tissue distributions, paraspinal muscle 
tissue densities, and triple-negative and non-triple-negative breast cancer. Visceral obesity and the ratio of visceral 
to subcutaneous fat tissue were found to increase the risk of triple-negative breast cancer in women (OR = 1.89 
[95% CI = 1.23-2.94]) and (OR = 9.09 [95% CI = 5.55-14.28]), respectively. Regression analysis based on body 
composition also revealed an association between low fat and low muscle mass and triple-negative breast cancer 
(OR = 10 [95% CI = 5.55-20]). Our findings demonstrate a clear association between triple-negative breast cancer 
and abdominal fat distribution and visceral-to-subcutaneous fat ratio, suggesting that abdominal fat distribution is 
a useful indicator of triple-negative breast cancer risk factors.

Keywords: Triple-negative breast cancer, intra-abdominal fat, adipose tissues, skeletal muscles, computed tomog-
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Introduction

Breast cancer is the most common cancer in 
women in both developed and developing coun-
tries. It is known that one in seven women 
develops breast cancer at some point in their 
lives [1]. After the ovaries, the main source  
of estrogen production in women is fat tissue 
[2]. A relationship has been reported between 
increased fat tissue and the risk of develop- 
ing estrogen receptor-positive breast cancer, 
particularly in postmenopausal women [3, 4]. 
Among molecular subtypes based on protein 
expression status, triple-negative breast can-
cer, which lacks expression of estrogen recep-
tor (ER), progesterone receptor (PR), and hu- 
man epidermal growth factor receptor 2 (HER2), 
accounts for up to 15% of breast cancer cases. 
Triple-negative breast cancers are generally 

more aggressive, have a poorer prognosis, and 
are more likely to metastasize to the liver and 
lungs than other subtypes [5].

Epidemiological studies indicate that obesity, 
as measured by body mass index (BMI), is posi-
tively associated with an increased risk of tri-
ple-negative breast cancer [6]. However, the 
association between obesity, as measured by 
BMI, and the risk of triple-negative breast  
cancer differs between premenopausal and 
postmenopausal women. In postmenopausal 
women, most studies have found no associa-
tion [7, 8] or a decreased risk with increasing 
BMI and body fat [9]. However, a systematic 
review and meta-analysis found that premeno-
pausal women with a body mass index ≥ 30 kg/
m2 had a higher risk of developing triple-nega-
tive breast cancer compared with non-obese 
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women [6]. Furthermore, increased abdominal 
fat, assessed by waist circumference, hip cir-
cumference, and waist-to-hip ratio (WHR), has 
been shown to increase the risk of the triple-
negative breast cancer subtype in premeno-
pausal women [9].

Obesity, and more specifically, visceral fat ac- 
cumulation, is a significant risk factor for the 
development of malignancy [10]. Furthermore, 
some studies have reported an association 
with increased recurrence after cancer treat-
ment [11] and higher mortality [12]. Some stud-
ies find no significant association between the 
amount of visceral fat and the development of 
colon and pancreatic cancer [1]. Recently, vis-
ceral fat has been identified as a key indicator 
in determining the effectiveness of antiangio-
genic agents in patients with colon and kidney 
cancer. Therefore, visceral fat is considered 
important in predicting treatment response. 
Various studies have been conducted on the 
methodology for measuring abdominal fat 
using computed tomography [2, 13]. Calcula- 
tions based on a single slice are sufficient [14]. 
Some studies have used the umbilicus as a ref-
erence point [15, 16], while others have used a 
bone or intervertebral disc level as a reference 
point [17, 18]. Recent studies have also sug-
gested the use of computed tomography (CT)-
assessed adiposity and skeletal muscle densi-
ty as measures of body composition [19]. Seg- 

ate and compare the results in both premeno-
pausal and postmenopausal women using this 
information.

Materials and methods

Patient population

Women diagnosed with breast cancer between 
January 2015 and December 2024 were iden- 
tified retrospectively through a search of the 
hospital electronic records system. Partici- 
pants aged 25 to 92 years with a histopatho-
logical diagnosis of breast cancer were includ-
ed. Among these patients, those who had an 
abdominal CT scan within a 6-month period, 
including 3 months before and 3 months after 
their breast cancer diagnosis, were included in 
the study. In 86% of the patients included in the 
study, an abdominal CT scan was performed 
after a breast cancer diagnosis. In patients 
with multiple CT scans, the initial scan was 
used to minimize the impact of the disease on 
BMI. Patients with a history of diabetes, diabe-
tes treatment, or any obesity-related interven-
tions or medical treatments were excluded. 
Furthermore, patients without an evaluable CT 
scan at the umbilicus were excluded. Forty-one 
participants with conflicting or incomplete in- 
formation regarding hormone receptor status 
were excluded from the study. A total of 421 
breast cancer patients who met these crite- 
ria were enrolled (Figure 1). The protocol was 

Figure 1. Flowchart of participant inclusion in the study.

mentation performed with se- 
mi-automatic programming can 
accurately measure subcutane-
ous fat tissue (SFT), visceral fat 
tissue (VFT), intramuscular adi-
pose tissue (IMAT), and muscle 
tissue to fat tissue ratios in a 
single CT section in the abdomi-
nal region [20]. While there is 
one study examining the rela- 
tionship between body composi-
tion assessed by CT in breast 
cancer patients and triple-nega-
tive breast cancer subtypes [21], 
there are insufficient studies 
using visceral fat to subcutane-
ous fat ratios and muscle to fat 
ratios of specific muscles to 
examine the relationship be- 
tween these values and triple-
negative breast cancer, as well 
as other breast cancer subtypes. 
In our study, we aimed to evalu-
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approved by the HNEAH Institutional Ethics 
Committee (No: HNEAH-KAEK-2021-184).

Body composition measurements

CT images, jointly evaluated by two radiologists 
with over 40 years of combined experience, 
were analyzed using 3D Slicer. 3D Slicer 5.6.1 
is open-source software for medical image pro-
cessing and visualization used in medical 
image analysis and research (http://www.slic-
er.org/accessed on December 12, 2024). On 
the umbilicus-level CT image, the amounts of 
subcutaneous fat, visceral fat, and total ab- 
dominal fat were recorded separately using the 
area measurement method. Total fat was first 
measured using the manual demarcation me- 
thod, followed by visceral fat, and subcutane-
ous fat was calculated by subtracting it from 

the total fat. For the paraspinal muscles, the 
average density of the psoas muscles was 
measured separately, and the erector spinae 
and multifidus muscles were measured sepa-
rately as a group, measured in Hounsfield units 
(HU). The average of the results was calculated 
and used as the total muscle density. Visceral 
and subcutaneous adipose tissue measure-
ments were recorded in mm2. Adipose tissue 
was identified and measured by segmenting 
the measured area, with a lower limit of -190 
HU and an upper limit of -30 HU as thresholds 
(Figures 2 and 3).

Statistical analysis

First, we examined the relationship between 
patient, tumor, and body composition charac-
teristics and triple-negative breast cancer sub-
type using chi-square analysis. Patients were 
divided into two groups: high visceral fat and 

Figure 2. Measurements of the paraspinal muscles 
density. (A) Density measurement of the psoas mus-
cles, (B) erector spinae and multifidus muscles by 
drawing them manually. Segmentation and measure-
ment were performed automatically with 3D slicer 
software based on density.

Figure 3. Measurements of abdominal fat from a 
CT ımage. (A) Measurement of total abdominal fat 
tissue amount and (B) visceral fat tissue amount 
by segmentation. Segmentation and measurement 
were performed automatically with 3D slicer soft-
ware based on density.
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low visceral fat, determined by the average 
ratio of visceral fat to subcutaneous fat. 
Similarly, two groups were created for total 
muscle density [21, 22]. To examine the asso-
ciations between abdominal fat and muscle 
adiposity values and triple-negative breast can-
cer subtype, we first performed univariate lo- 
gistic regression analysis to calculate odds 
ratios (ORs) and 95% confidence intervals (CIs). 
All statistical analyses were performed using 
IBM SPSS software, Version 26.0 (IBM Corp, 
Armonk, NY, USA).

Results

Our study participants included 421 breast 
cancer patients with available hormone recep-
tor status data; 116 (27.6%) of these par- 
ticipants were diagnosed with triple-negative 
breast cancer. The overall mean age of the par-
ticipants was 57.8 ± 8.2 years. The prevalence 
of obesity and overweight was 42.2% and 
28.4%, respectively, for triple-negative breast 
cancer, 32.5% and 22.2% for non-triple-nega-
tive breast cancer, and 35.2% and 24% for all 
breast cancer patients overall. Patients with 
the triple-negative breast cancer subtype had  
a higher rate of obesity (body mass index > 30 
kg/m2) than those with non-triple-negative 
breast cancer (42.2% vs. 32.5%; P = 0.018; 
Table 2). Patients with triple-negative breast 
cancer had a higher rate of large tumors (gre- 
ater than 2 cm, 62.1% vs. 43.0%) compared to 
patients with non-triple-negative breast cancer 
(P < 0.05) (Table 1).

In terms of abdominal fat tissue and distribu-
tion, the values in terms of the amount of vis-
ceral fat tissue and the ratio of visceral fat tis-
sue to subcutaneous fat tissue were signifi-

cantly higher in participants with triple-negative 
breast cancer subtype compared to partici-
pants without triple-negative breast cancer 
subtype (P < 0.05). In triple negative breast 
cancer patients, the proportion of individuals 
with low fat and low muscle group was found to 
be 45.7%, which was significantly high, while in 
the non-triple negative breast cancer group, 
the proportion of individuals with low fat and 
high muscle group was found to be 43.6%, 
which was significantly high (Table 2).

Table 3 shows the results of regression analy-
ses for the associations between specific body 
composition components and triple-negative 
breast cancer subtype. Anthropometric factors 
were dichotomized as low and high based on 
the median value, and we performed logistic 
regression to assess the association between 
anthropometric measurements and triple-neg-
ative breast cancer subtype.

A significant association was found between 
high visceral fat tissue and triple-negative bre- 
ast cancer (OR = 1.89 [95% CI = 1.23-2.94]), 
while a particularly strong association was 
found between the visceral fat tissue to sub- 
cutaneous fat tissue ratio and triple-negative 
breast cancer subtype (OR = 9.09 [95% CI = 
5.55-14.28]).

In muscle density measurements, when the 
psoas, erector spinae, and multifidus muscles 
were compared with the total muscle density 
values, the relationship between low muscle 
density and triple-negative breast cancer sub-
type was significant (OR = 3.89 [95% CI = 2.45-
6.19]) (Table 3).

In the regression analysis performed according 
to body composition, an association was found 

Table 1. Distribution of breast cancer patient characteristics by subtype
TNBC

N = 116 (%)
Non-TNBC

N = 305 (%) Total

Age 60.8 ± 7.8 56.6 ± 6.4 57.8 ± 7.2
BMI 27.8 ± 3.9 26.2 ± 5.1 26.7 ± 4.8
Subcutaneous fat tissue (mm2) 26920 ± 10681 34294 ± 14524 32263 ± 13957
Visceral fat tissue (mm2) 18240 ± 6957 15276 ± 5494 16093 ± 6071
Total fat tissue (mm2) 45160 ± 14939 47513 ± 18266 48356 ± 17507
Psoas density (HU) 39.5 ± 10.1 47.7 ± 10.5 45.5 ± 10.9
ES/MF density (HU) 32.8 ± 9.5 39.6 ± 10.2 38.6 ± 10.6
Total muscle density (HU) 39.2 ± 9.8 44.3 ± 10.3 42.1 ± 10.8
TNBC, Triple-negative breast cancer; BMI, Body mass index; HU, Hounsfield Unit; ES, Erector spinae; MF, Multifidus.



Obesity and triple-negative breast cancer

3973	 Am J Cancer Res 2025;15(9):3969-3979

between low fat, low muscle group individuals 
and triple negative breast cancer group (OR = 
10 [95% CI = 5.55-20]) (Table 4).

Discussion

In this study, we evaluated the relationship be- 
tween the amount and distribution of abdomi-
nal fat measured by CT, the density of the para-
spinal muscles, and the triple-negative breast 
cancer subtype. Obesity is now recognized as a 

significant risk factor for many types of cancer 
[11]. Abdominal fat tissue, especially visceral 
fat tissue, contains metabolically active adipo-
cytes [1]. Adipose tissue is known as the body’s 
largest endocrine organ because it secretes 
numerous cytokines and hormones. An incre- 
ase in adipose tissue leads to increased syn-
thesis of leptin, also known as the hunger hor-
mone. Chronic inflammation in increased adi-
pose tissue results in increased levels of IL-6 
and TNF. Levels of these cytokines, along with 

Table 2. Patient and tumor characteristics by breast cancer subtype

Variables TNBC
N = 116 (%)

Non-TNBC
N = 305 (%)

Total BC  
N = 421 (%) p-value

BMI
    Underweight < 18.5 0 6 (2) 6 (1.4) 0.018*
    Normalweight 18.5-24.9 34 (29.3) 132 (43.3) 166 (39.4)
    Overweight 25-29.9 49 (42.2) 99 (32.5) 148 (35.2)
    Obese > 30 33 (28.4) 68 (22.2) 101 (24)
Tumor Size
    < 2 cm 44 (37.9) 174 (57) 218 (51.8) 0.01*
    > 2 cm 72 (62.1) 131 (43) 203 (48.2)
Subcutaneous Fat Tissue
    Low 69 (59.5) 149 (48.9) 218 (51.8) 0.063
    High 47 (40.5) 156 (51.1) 203 (48.2)
Visceral Fat Tissue
    Low 52 (44.8) 185 (60.7) 237 (56.3) 0.01*
    High 64 (55.2) 120 (39.3) 184 (43.7)
Total Fat Tissue
    Low 72 (62.1) 169 (55.4) 241 (57.2) 0.217
    High 44 (37.9) 136 (44.6) 180 (42.8)
Visceral/Subcutaneous Fat Ratio
    Low 34 (29.3) 240 (78.7) 274 (65.1) 0.01*
    High 82 (70.7) 65 (21.3) 147 (34.9)
Total Muscle Density
    Low 84 (72.4) 123 (40.3) 207 (49.2) 0.01*
    High 32 (27.6) 182 (59.7) 214 (50.8)
ES/MF Density
    Low 82 (70.7) 120 (39.3) 206 (48.9) 0.01*
    High 34 (29.3) 185 (60.7) 215 (51.1)
Psoas Density
    Low 84 (72.4) 109 (35.7) 193 (45.8) 0.01*
    High 32 (27.6) 196 (64.3) 228 (54.2)
Body Composition
    Normal (Low fat, High muscle) 19 (16.4) 133 (43.6) 152 (36.1) 0.01*
    High fat, High muscle 13 (11.2) 49 (16.1) 62 (14.7)
    Low fat, Low muscle 53 (45.7) 36 (11.8) 89 (21.1)
    High fat, Low muscle 31 (26.7) 87 (28.5) 118 (28)
TNBC, Triple-negative breast cancer; BMI, Body mass index; ES, Erector spinae; MF, Multifidus. *p < 0.05.
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leptin, have been reported to increase in many 
types of cancer. Therefore, obesity is thought  
to be a factor in cancer development, progres-
sion, and metastasis [23]. The relationship 
between inflammation and cancer was first 
described over a century ago by Virchow, who 
observed an increase in leukocytes in neoplas-
tic tissue [24]. The amount of visceral fat and 
the ratio of visceral fat to subcutaneous fat 
were found to be associated with an increased 
likelihood of triple-negative breast cancer. In- 
terestingly, and unlike other studies, the likeli-
hood of the triple-negative breast cancer sub-

type was found to be higher in those with low 
fat and low muscle mass compared to those 
with normal body composition (low fat/high 
muscle mass).

Previous studies using obesity as determined 
by body mass index (BMI) have yielded conflict-
ing results. These studies generally emphasize 
the association between obesity and breast 
cancer in the postmenopausal period [12, 25]. 
A large-scale study by Vatten et al. reported 
that obesity in the premenopausal period is 
protective [26]. Carmichael et al. reported that 

Table 3. Odds ratio (95% CI) of the association between body composition components and TNBC 
subtype

Variables (range) TNBC
N = 116 (%)

Non-TNBC
N = 305 (%)

Multivariate 
Odds ratio (95% CI) p-value

Subcutaneous Fat Tissue
    Low (12633-32263) 69 (59.5) 149 (48.9) 1.54 (0.99-2.37) 0.063
    High (32264-87179) 47 (40.5) 156 (51.1) ref
Visceral Fat Tissue
    Low (3376-16093) 52 (44.8) 185 (60.7) ref 0.01*
    High (16094-36378) 64 (55.2) 120 (39.3) 1.89 (1.23-2.94)
Total Fat Tissue
    Low (20957-48356) 72 (62.1) 169 (55.4) 1.32 (0.85-2.04) 0.217
    High (48357-106171) 44 (37.9) 136 (44.6) ref
Visceral/Subcutaneous Fat Ratio
    Low (0.17-0.55) 34 (29.3) 240 (78.7) ref 0.01*
    High (0.56-1.95) 82 (70.7) 65 (21.3) 9.09 (5.55-14.28)
Total Muscle Density
    Low (16-42) 84 (72.4) 123 (40.3) 3.89 (2.45-6.19) 0.01*
    High (43-71) 32 (27.6) 182 (59.7) ref
ES/MF Density
    Low (15-38) 82 (70.7) 120 (39.3) 3.86 (2.41-6.21) 0.01*
    High (39-68) 34 (29.3) 185 (60.7) ref
Psoas Density
    Low (17-45) 84 (72.4) 109 (35.7) 4.72 (2.95-7.55) 0.01*
    High (46-75) 32 (27.6) 196 (64.3) ref
TNBC, Triple-negative breast cancer; ES, Erector spinae; MF, Multifidus; ref, reference. *p < 0.05.

Table 4. Association between breast cancer subtype and body composition phenotype

Variables TNBC
N = 116 (%)

Non-TNBC
N = 305 (%)

Multivariate
Odds ratio (95% CI) p-value

Body Composition
    Normal (Low fat, High muscle) 19 (16.4) 133 (43.6) ref
    High fat, High muscle 13 (11.2) 49 (16.1) 0.54 (0.25-1.17) 0.12
    Low fat, Low muscle 53 (45.7) 36 (11.8) 10 (5.55-20) 0.01*
    High fat, Low muscle 31 (26.7) 87 (28.5) 2.5 (1.33-4.76) 0.21
TNBC, Triple-negative breast cancer; ref, reference. *p < 0.05.
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obesity was not significantly associated with 
mortality or survival in breast cancer patients 
[27]. Similarly, Katoh et al. reported that obesi-
ty had no effect on recurrence or survival in 
301 postmenopausal breast cancer cases 
[28]. However, some studies have reported that 
breast cancer patients, especially those with a 
BMI over 40, have a three-fold increased risk  
of death compared to non-obese patients [29, 
30]. The poor prognosis is thought to be due  
to increased estrogenic stimulation in obese 
patients with estrogen receptor positivity. How- 
ever, when obesity is assessed using BMI, the 
amount of visceral fat, which is thought to be 
associated with chronic inflammation, cannot 
be assessed [31].

Optimal measurement of fat tissue requires 
both the amount and distribution of fat tissue. 
Various anthropometric measurements (hip cir-
cumference, waist circumference, or abdomi-
nal sagittal diameter) are not reliable for as- 
sessing visceral fat [31]. They cannot distin-
guish between visceral fat and subcutaneous 
fat. Only radiological imaging methods can truly 
measure visceral and subcutaneous fat sepa-
rately. Sonography, an easily accessible and 
rapid method for measuring visceral fat in daily 
clinical practice, can be used [31]. However, 
because sonography yields operator-depen-
dent results, obtaining repeatable measure-
ments is difficult. Therefore, the reliability of 
sonographic measurements is low [14]. Esta- 
blishing a standard for measurement is par- 
ticularly challenging in obese patients. Com- 
puted tomography is the most commonly used 
imaging method for measuring abdominal fat 
because it is easily accessible, rapid, and reli-
able. However, CT scans are risky due to ioniz-
ing radiation. MRI, which carries no radiation 
risks, can also be used [32]. However, MRI has 
several disadvantages compared to CT scan-
ning. It is more expensive and less accessible 
than CT. Furthermore, specific sequences are 
required to ensure homogeneity of the fat seg-
mentation area, and optimal assessment may 
not be achieved with routine sequences. There- 
fore, retrospective assessment of visceral fat 
on MRI is not appropriate.

Numerous studies have been conducted on 
measuring abdominal fat with CT, optimizing 
the method used, and demonstrating the rela-
tionship between visceral fat and metabolic 
syndrome or visceral fat and cardiovascular 

disease risk [13-16]. In these studies, the 
cross-sectional level at which fat is measured 
has been debated, with the umbilicus level 
being the most frequently used level. Previous 
studies have used various upper and lower HU 
values to define adipose tissue on CT scans. 
The upper limits ranged from -10 to -50 HU, 
while the lower limits ranged from -150 to -250 
HU [15]. The values used in our study (-30 and 
-200 HU) are within the accepted ranges for 
defining adipose tissue.

In our study, subcutaneous adipose tissue, vis-
ceral adipose tissue, and total abdominal adi-
pose tissue were quantified separately, be- 
cause visceral adipose tissue is known to be 
metabolically more active than subcutaneous 
adipose tissue due to its high lipolytic activity 
and release of large amounts of free fatty acids 
[33]. However, most studies examining the rela-
tionship between body size and triple-negative 
breast cancer subtypes have used measure-
ments of body mass index and waist circumfer-
ence, which do not distinguish between adi-
pose tissue and skeletal muscle components. 
CT is a highly accurate method for measuring 
fat distribution and skeletal muscle mass 
because of its ability to provide segmentable 
cross-sectional images [34]. This study found a 
significant association between high visceral 
fat and the ratio of viseal to subcutaneous fat 
with the triple-negative breast cancer subtype. 
A similar previous study on the relationship 
between adiposity assessed by CT and triple-
negative breast cancer reported that high and 
low subcutaneous fat and visceral fat were 
associated with the triple-negative breast can-
cer subtype [21]. Several studies have reported 
that increased visceral fat assessed by CT is 
associated with a higher probability of deve- 
loping ER-negative, PR-negative, and HER2-
negative breast cancers compared to ER, PR, 
and HER2-positive breast cancers. A case-con-
trol study found an increased risk of developing 
triple-negative breast cancer in women with a 
higher waist-to-hip ratio [35]. A case-analysis 
study reported that women with triple-negative 
breast cancer were more likely to be obese 
than those with other breast cancer subtypes 
[36].

The mechanisms directly linking subcutane- 
ous and visceral fat to triple-negative breast 
cancer subtypes are unclear. However, some 
studies have attempted to explain possible 
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links between obesity and triple-negative 
breast cancer subtypes. First, as mentioned 
above, obesity-mediated inflammatory cyto-
kines, such as leptin, have been suggested to 
be involved in activation pathways that stimu-
late invasion and metastasis [37]. Circulating 
levels of insulin and leptin are elevated in obe-
sity [38]. Insulin stimulates leptin overexpres-
sion, which creates an autocrine loop to stimu-
late breast cancer cell growth [37]. Further- 
more, activation of insulin’s mammalian target 
of rapamycin (mTOR) has been implicated as  
a predictor of poor prognosis in women with 
triple-negative breast cancer [39]. Moreover, 
mTOR promotes the switch from mitochondrial 
to aerobic respiration, the Warburg effect [40]. 
The Warburg effect increases glucose uptake, 
which, through mitochondrial dysfunction, pro-
vides anabolic precursors for the rapid growth 
of triple-negative breast cancers [38].

In our study, a significant association was found 
between the amount of visceral fat, the ratio  
of visceral fat to subcutaneous fat, and the tri-
ple-negative breast cancer subtype. Two large 
case-control studies [6, 41] reported that 
increased waist-to-hip ratio was associated 
with an increased risk of triple-negative breast 
cancer in premenopausal women. Another 
study found no association between obesity 
and the triple-negative breast cancer subtype 
in postmenopausal women [21]. Postmeno- 
pausal women generally exhibit less aggressive 
phenotypes and estrogen-dependent lesions, 
likely a consequence of steroid hormone pro-
duction from fat cells [42]. Premenopausal 
women, on the other hand, generally exhibit 
more aggressive phenotypes (large size, high 
tumor grade, and high proliferation rate) and 
hormone-independent lesions [42]. Because 
our study primarily focused on investigating  
the relationship between triple-negative breast 
cancer subtypes and obesity, the evaluation 
was conducted without distinguishing between 
premenopausal and postmenopausal women. 
This assessment can be considered one of the 
most significant limitations of our study.

In our study, which is different and interesting 
from other studies, there was a significant rela-
tionship between those with low fat, high mus-
cle body composition and non-triple negative 
breast cancer, while there was a significant 
relationship between those with low fat, low 

muscle body composition and the triple nega-
tive breast cancer subtype. Despite the lack of 
studies investigating the relationship between 
skeletal muscle areas and triple-negative 
breast cancer subtype, previous studies [43, 
44] have examined the relationship between 
skeletal muscle areas and survival. Most stud-
ies have reported an association between low 
muscle mass and an increased risk of death. 
Another study indicated that skeletal muscle 
fat may be an important factor in the prognosis 
of triple-negative breast cancer [21]. Muscle 
catabolic processes that cause sarcopenia are 
associated with multiple systemic etiological 
processes, including altered energy balance, 
mitochondrial dysfunction, oxidative stress, 
and immune system alterations [45]. These 
changes contribute to chronic low-grade inflam-
mation, which can particularly affect skeletal 
muscle. Markers of chronic low-grade inflam-
mation that are also increased during sarcope-
nia and normal aging include CRP, IL-1β, IL-6, 
and TNF [46, 47]. The increased inflammatory 
response and changes in metabolism during 
cancer and cancer treatment lead to loss of 
muscle mass [48, 49]. The relationship be- 
tween aging, cancer, cancer treatment, and 
sarcopenia can be explained in this way. How- 
ever, it is also argued that increased inflamma-
tion in sarcopenia may lead to cancer develop-
ment [45]. The significant association between 
the low muscle, low fat phenotype and TNBC in 
our study is striking. It is clear that additional 
studies are needed to determine whether mus-
cle loss is a cause or a consequence.

Limitations of this study include the fact that  
CT scanning involves ionizing radiation, and 
since it is clear that it would not be possible to 
perform a CT examination solely for the pur-
pose of obesity assessment in a patient who 
does not already have a CT scan, it is not pos-
sible to present generalizable results for breast 
cancer patients. For similar reasons, because 
not all breast cancer patients have an abdomi-
nal CT scan, our study represents a limited and 
small group within the overall breast cancer 
patient population. Although primarily for stag-
ing purposes, our study conducted a retros- 
pective analysis using available CT scans. 
Therefore, the time intervals between CT scans 
performed at the time of diagnosis are not 
standardized. These timing differences can be 
considered a significant limitation. Only patients 
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with available abdominal CT scans were includ-
ed in our study. The availability of an abdominal 
CT scan may have represented a subgroup with 
more advanced disease or other comorbidities. 
The potential impact of this selection bias is a 
significant limitation of the study. One of the 
most significant limitations of our study is the 
failure to separate patients based on meno-
pausal status. Previous studies have empha-
sized the association between obesity, gener-
ally determined by body mass index (BMI), and 
postmenopausal breast cancer [12, 25]. How- 
ever, these studies generally focused on hor-
mone receptor-positive breast cancers. Althou- 
gh the relationship between TNBC and obesity 
was investigated in our study, not evaluating 
menopausal status is an important limitation. 
Considering menopausal status in future stud-
ies will provide valuable information.

In conclusion, we showed that obesity, specifi-
cally the amount of visceral fat and the ratio of 
visceral fat to subcutaneous fat measured from 
a CT image passing through the umbilicus, was 
associated with TNBC subtype in breast cancer 
patients. Additionally, a significant association 
was found between those with a low fat, high 
muscle body composition and non-triple nega-
tive breast cancer, while a significant associa-
tion was found between those with a low fat, 
low muscle body composition and the triple 
negative breast cancer subtype. These find- 
ings highlight the need for prospective studies 
assessing body composition and TNBC risk, 
using larger sample sizes and non-breast can-
cer controls. Because obesity and muscle mass 
are modifiable risk factors in cancer patients,  
a better understanding of the relationships 
between obesity, abdominal fat distribution, 
and muscle mass and breast cancer can help 
develop new preventive strategies. This can 
lead to the development of new preventive and 
prognostic management strategies for TNBC.
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