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Abstract. – OBJECTIVE: Since both breast car-

cinogenesis and the triglyceride glucose index
(TyG) are associated with metabolic syndrome,
this study aims at focussing on the TyG index in
the breast control group to investigate risk factors causing breast cancer. The predictive value
of triglyceride glucose score in predicting breast
cancer was investigated.
PATIENTS AND METHODS: Patients with a
pathological diagnosis of cancer and patients
with benign breast lesions who were operated
on between May 2018 and December 2021 were
included in the study. Patients were divided into
two groups: those with Breast Cancer (BC) and
those with benign breast lesions. The predictive
value of the TyG in predicting breast cancer was
investigated. The mean standard deviation (SD)
or median values with a 25-75 percent interquartile range (IQR) were used to represent the distribution of continuous data. The Student’s t-test
was used to evaluate parametric values, and
the Mann-Whitney U test was used to analyze
non-parametric values. The Chi-square test was
used to see if categorical variables could be compared. The optimal cut-off points for the TyG value had been determined using receiver operating curve (ROC) analysis. Cut-off points that are
optimal for the TyG value were determined using
receiver operating curve (ROC) analysis.
RESULTS: The patients in the study had a median age of 51 [IQR (25-75) = 44-62]. Of the 510
patients who had been operated for a breast lesion, 13 were male and 499 were female. While
the median glucose value of the patients was 97
[IQR (25-75) = 89-109-9], the median triglyceride value was 155 [IQR (25-75): 86-159]. When
glucose and triglyceride values were examined,
group I seemed to have significantly lower values (p<0.001, p=0.001, respectively). The mass
size was larger in group 2 (p<0.001). In addition,
ln TyG was statistically higher in the malignant
group (p<0.001). Receiver operating characteristic curves were obtained for TyG levels in BC
diagnosis. (AUC = 0.606, standard error 0.025,
p<0.001; 95% CI = 0.556-0.655). The cut-off value
for TyG was 8,628. The sensitivity of this value
was 57.5% and the specificity was 42.6%.

CONCLUSIONS: In this study, we investigated the predictive effect of the TyG index in distinguishing benign and malignant lesions of the
breast and concluded that the TyG index can be
used to differentiate BC in patients with BC.
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Introduction
Breast cancer (BC) is the most common cancer
in women worldwide, as well as the common cause
of cancer death. In 2017, more than 250,000 new
cases of BC were discovered in the United States1.
Nearly 2.3 million new cases of BC were diagnosed
in 2020 and 685,000 deaths from BC worldwide2.
Early menarche, late pregnancy, short breastfeeding periods, hormonal menopause medicines,
oral contraceptives, breast density, and a family
history of BC both are major risk factors for BC3,4.
Metabolic syndrome, a group of metabolic disorders, has been linked to a variety of cancers, including BC5,6. Insulin resistance (IR), which plays a key
role in the development of metabolic syndrome, is
now recognized as a key factor in carcinogenesis7.
IR can be assessed with a variety of techniques, including the hyperinsulinemic-euglycemic clamp and
insulin tolerance testing8,9. However, simple, lowcost, and easy-to-use approaches have surpassed
these intrusive and expensive procedures.
The triglyceride glucose (TyG) index is a novel metabolic syndrome test with high specificity
and sensitivity10. Furthermore, the TyG index is a
new and efficient IR indicator11.
Because both breast carcinogenesis and the
TyG index are associated with metabolic syndrome, we hypothesized that there would be a direct connection between the two. As a result, the
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objective of this study was to investigate risk factors for breast carcinogenesis using the TyG index
in the breast control group. The triglyceride glucose score’s predictive effectiveness in predicting
breast cancer was investigated.

Patients and Methods
Study Population
After the Hitit University Non-Invasive Clinical Research Ethics Committee accepted our investigation with the decision numbered 29.12.2021
dated 2021-88, a retrospective, cross-sectional
study was designed. We collected data by examining patient files and computer records. Patients
with a pathological diagnosis of cancer and patients with benign breast lesions who had been
operated between May 2018 and December 2021
were included in the study. The study was planned
in accordance with the Helsinki Declaration.
Patients were divided into two groups: those
with BC and those with benign breast lesions. The
following are the working group’s eligibility requirements: (1) people aged 19 and up who had
received a pathologically BC diagnosis between
May 2018 and December 2021; (2) untreated BC
after diagnosis; (3) patients who could read, understand, and approve; (4) patients whose medical record and paraffin block could be searched;
(5) patients whose preoperative TG and glucose
values could be reached. Those with missing data
were excluded. Data from the relevant hospital
were obtained from computer records and patient
files.
For the control group, the following requirements were met: (1) women 18 years and older,
(2) patients with benign breast lesions with histopathology and immunohistochemical results
who had been operated between May 2018 and
December 2021; (3) people who showed no signs
or symptoms of BC; (4) patients without evidence
of chronic disease and (5) patients whose preoperative TG and glucose values could be achieved.
Measurements
A power analysis was calculated using an effect size of 0.8, alpha level adjusted at 0.05, and
power adjusted at 0.82, resulting in a total sample
size of 139 subjects.
Demographic data of the patients were recorded. Fasting TG [mg/dl] x fasting glucose
[mg/dl] was used to calculate the ln TyG index12
(ln: natural logarithm of a number). The con4672

stant “e” is used to calculate natural logarithms
(2.71828182845904).
Statistical Analysis
The SPSS 22.0 for Windows data analysis program (IBM Corp., Armonk, NY, USA) was used
to conduct the analysis. The study aimed at retrospectively examining two separate clinical entities.
The Shapiro-Wilk and Kolmogorov-Smirnoff tests
were used to determine the data’s normal distribution. The mean standard deviation (SD) or median values with a 25-75 percent interquartile range
(IQR) were used to represent the distribution of
continuous data. The Student’s t-test was used to
evaluate parametric values, and the Mann-Whitney
U test was used to analyze non-parametric values.
The Chi-square test was used to see if categorical
variables could be compared. The optimal cut-off
points for the TyG value had been determined using receiver operating curve (ROC) analysis. Cutoff points that are optimal for the TyG value were
determined using receiver operating curve (ROC)
analysis. Group differences with a p-value lower
than 0.05 were deemed statistically significant.

Results
The patients in the study had a median age of 51
[IQR (25-75) = 44-62]. Of the 510 patients who were
operated on for a breast lesion, 13 were male and 499
were female. The median hospital stay was 3 days.
While the median glucose value of the patients was
97 [IQR (25-75) = 89-109-9], the median triglyceride
value was 155 [IQR (25-75) = 86-159] (Table I).
Then, the patients were divided into two
groups: benign breast lesions (Group I) and malignant breast lesions (Group II). All malignant
breast lesions were reported as invasive ductal
carcinoma. When the groups were compared, the
patients in Group II were reported to be older than
those in Group I (p<0.001). In addition, the length
of hospital stay was longer in Group II (p<0.001).
While there were 13 male patients in Group I,
there were only 4 male patients in Group II. The
number of female patients was statistically higher
in both groups (p=0.033). When glucose and triglyceride values were examined, Group I showed
significantly lower values (p<0.001, p=0.001, respectively). The mass size was larger in Group 2
(p<0.001). In addition, ln TyG was statistically
higher in the malignant group (p<0.001) (Table I).
Roc analysis was performed for TyG, glucose, and triglyceride value (Figure 1). Re-
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Table I. Clinical and laboratory characteristics of patients.
Total (n=510)

Benign (n=207)

Breast Cancer (n=303)

p-value

Age, y, median (IQR 25-75)
51 (44-62)
46 (25-55)
57 (47.5-69)
<0.001*
Sex, n				
Male
13
9
4
0.033†
Female
499
198
301
Hospital Stay, d, median (IQR 25-75)
3 (2-9)
2 (2-3)
8 (3-13)
<0.001*
Glucose, mg/dl, median (IQR 25-75)
97 (89-109.9)
94 (85-105.4)
99 (91-114)
<0.001*
Triglyceride, mg/dl, median (IQR 25-75)
115 (86-159)
106 (80-144)
124 (90-178.5)
0.001*
Mass Size, cm
2 (1.6-3)
2 (1.5-2)
2.5 (1.8-3.5)
0.001*
ln TyG
8.6 (8.2-9.1)
8.56 (8.16-8.8)
8.7 (8.3-9.1)
<0.001*
IQR: Interquartile range; y: year; d: day; mg/dl: milligram/deciliter.
*Mann-Whitney U test; †Chi-Square test.

ceiver operating characteristic (ROC) curves
were obtained for TyG levels in BC diagnosis
(AUC=0.606, standard error 0.025, p<0.001;
95% CI=0.556-0.655). The cut-off value for
TyG was 8,628. The sensitivity of this value
was 57.5% and the specificity was 42.6%. Values for glucose and triglycerides are given in
Table II.

Discussion
In this study, we investigated the effect of the
TyG index on benign and malignant lesions of the
breast, and it was concluded that the TyG index can
be used to differentiate BC types in patients with BC.
Metabolic syndrome is an important pathogenic condition in the development of many cancers.

Figure 1. Receiver operating characteristic (ROC) curves obtained for TyG, glucose and triglyceride levels.
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Table II. Comparison of the groups with regard to TyG levels, glucose, and triglyceride levels.

TyG
Glucose (mg/dl)
Triglyceride (mg/dl)

AUC

95% CI

Cut-off

Sensitivity (%)

Specificity (%)

p-value*

0.606
0.604
0.587

0.556-0.655
0.555-0.564
0.538-0.637

8.628
95.5
114.5

57.5
55.1
56

42.6
39.0
44.3

<0.001
<0.001
<0.001

AUC: Area under the curve; TyG: Triglyceride-glucose index.
*Mann-Whitney U test.

Although IR is an indicator of metabolic syndrome, it also plays a role in carcinogenesis7. IR
can be measured using a variety of methods such
as hyperinsulinemic-euglycemic clamp and insulin tolerance testing8,9. Instead of these invasive
and expensive procedures, the TyG index is used
as a biomarker of IR. The TyG index is derived
using fasting triglycerides and plasma glucose and
is a simple, inexpensive, and easy-to-use tool13,14.
Sánchez−Íñigo et al15 concluded in their study that
the TyG index may be useful for the early detection of individuals at high risk of developing cardiovascular events. In addition, based on the data
of 116 colorectal cancer (CRS) patients as a result
of the historical cohort study on 27,944 individuals, Okamura et al16 reported the cut-off value
of TyG for colorectal cancer as 8.272, sensitivity
and specificity as 62%, 66%, respectively. These
data suggested that patients with high TyG values
should be included in the screening program16. In
addition, Kim et al17 conducted the same study for
gastric cancers and concluded that the increase in
the TyG index was significantly associated with
gastric cancer. Similar results were obtained for
lung cancer, obesity-related cancers, and prostate
cancer18-20. In our study, the cut-off value for TyG
was 8.628. This value had a sensitivity of 57.5%
and a specificity of 42.6%. This shows that a high
TyG value may be a precursor for BC screening.
Hyperinsulinemia is caused by IR, and it promotes the PI3K/Akt/mTOR/S6K signaling pathway in cancer21. Increased serum TG, which is part
of the TyG index, also activates the Akt signaling
pathway via the G protein-coupled receptor22. Akt
has been found in a variety of cancers, including BC. Increased IGF-1 levels are also linked to
IR23,24. IGF-1 regulates cell proliferation, survival,
and angiogenesis by activating the IGF-1 receptor25. IGF-1 stimulates cell growth by promoting
the production of vascular endothelial growth
factors. The favorable association between the expression of IGF-1 and IGF-1 receptors in BC has
been documented in numerous investigations26,27.
Hyperglycemia also enhances cellular sensitivity
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to IGF-I, which results in enhanced cell proliferation and migration28.
Hyperinsulinemia, IGF-1, c-peptide, and fasting insulin levels have been shown in many studies
to be risk factors for BC29-32. Kabat et al32 showed
the association of high serum insulin levels with
BC but stated that glucose levels alone did not affect BC. Zhu et al26 demonstrated a positive association between elevated circulating IGF-1 levels
and BC. Circulating insulin, C-peptide, IGF-1,
and IR were all found to be positively and synergistically associated with BC in Chinese women
in a study of BC and benign lesions of the breast27.
IR is associated with both cancer-specific and allcause mortality in postmenopausal women, making it a risk factor for BC33.
In addition, Panigoro et al34 indicated TyG index to have a significant impact on BC risk. In
their study, the TyG index was found to have a
non-linear dose-response relationship with BC. In
the study conducted with 212 BC patients and 212
control groups, TyG > 8.87 was found to be significant. However, unlike our study, the sensitivity
and specificity were not investigated and evaluated as precursors. Using these baseline data, to
the best of our knowledge, our study is the only
study in the literature examining the relationship
between TyG and BC in the group of patients operated on for benign breast lesions and cancer patients. In our study, we found that the TyG index is
a significant risk factor in patients with BC.
Limitations
Due to the hospital-based study system, one of
our study’s shortcomings could have been selection bias. A larger or national survey is also needed to investigate factors connected to histological
subtypes of BC, as different risk factors may exist
for different histological subtypes of BC.
Finally, lipid and glucose levels fluctuate
depending on how long it has been since the
last meal. This may also have affected the results. However, although our study is retrospective-based, the number of patients is higher than
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the number of patients in similar studies, providing better data for this result. In addition, as far as
we know, our study is the only study in the literature examining the relationship between TyG and
BC in a group of patients who had been operated
for benign breast lesions and cancer patients.

Conclusions
The TyG index consists of triglyceride and glucose levels, and the TyG index is expected to be a
useful risk marker for BC. In our study, we determined that a high TyG index is an important risk
factor in patients with BC. Fasting TG [mg/dl] x
fasting glucose [mg/dl] was used to calculate the
TyG index in our study. As a result of this calculation, it should be kept in mind that patients with
values > 8.628 may have breast cancer rather than a
benign lesion. Larger multi-centered, and prospective studies are needed to confirm this finding.
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