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Evaluating lipid-driven insulin resistance via TyG index in
breast cancer patients: Toward effective secondary

prevention

Bewertung der lipidbedingten Insulinresistenz uber den TyG-Index bei
Brustkrebspatientinnen: Auf dem Weg zur effektiven Sekundarpravention

Abstract

Objective: Breast cancer is the most commonly diagnosed malignancy
worldwide. Insulin resistance (IR) plays a key role in its progression by
activating oncogenic signaling pathways. The triglyceride-glucose (TyG)
index is a validated, cost-effective surrogate marker for IR. This study
aims to evaluate the prevalence of IR in female breast cancer patients
using the TyG index and to identify lipid parameters associated with
increased IR, thereby supporting strategies for secondary prevention.

Methods: A cross-sectional study was conducted among non-diabetic,
histopathologically confirmed female breast cancer patients. Demo-
graphic data, lipid profiles, and fasting glucose levels were collected.
Participants were stratified into high-risk (TyG=8.87) and low-risk
(TyG<8.87) groups based on their TyG index. Logistic regression analysis
was performed to identify significant predictors of elevated TyG index.

Results: Among 122 patients, 44.3% demonstrated elevated insulin
resistance. Triglycerides (TG), total cholesterol (TC), very low-density
lipoprotein cholesterol (VLDL-C), and the TC/high-density lipo-
protein-cholesterol (HDL-C) ratio were significantly higher in the high-
risk group. Logistic regression identified TC, TC/HDL-C ratio, and
low-density lipoprotein cholesterol (LDL-C) as significant pre-
dictors of elevated IR (p<0.05). The model is represented as:
Logit(P)=-13.941+0.145X,+1.558X,-0.178X,, where X,, X,, and X,
correspond to TC, TC/HDL-C ratio, and LDL-C, respectively. The predictive
model achieved 90.2% accuracy with an area under the receiver oper-
ating characteristic (ROC) curve (AUROC) of 0.927.

Conclusion: Monitoring lipid parameters and managing insulin resistance
are crucial for enhancing breast cancer prognosis and potentially reduc-
ing progression.
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Introduction

According to the 2020 GLOBOCAN Global Cancer Report,
breast cancer has surpassed lung cancer as the most
frequently diagnosed cancer in females, with an esti-
mated 2.3 million new cases reported [1]. The situation
is alarming as every 4 minutes a woman is diagnosed
with breast cancer, and one woman dies from the disease
every 13 minutes, largely due to late-stage diagnosis or
improper prevention [2], [3]. Projections suggest that by
2030, breast cancer will become the leading cause of
death among Indian women, highlighting the urgent need
for effective prevention and early detection strategies [3].

Triple-negative breast cancer (TNBC) is associated with
the poorest prognosis among all breast cancers [4].

Itis well established that poor metabolic health increases
the risk of developing breast cancer. However, recent
research has shown that body mass index (BMI) alone is
not a reliable indicator of metabolic health [5]. For in-
stance, individuals with obesity (BMI>30) can still be
metabolically healthy, while those who are lean (BMI<25)
may experience metabolic dysfunction [5]. This highlights
the importance of considering lifestyle factors - such as
diet, physical activity, and stress management - in the
prevention and management of metabolic health to re-
duce the risk of breast cancer [5].
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Insulin resistance (IR) elevates insulin levels, activating
pathways that promote aggressive breast cancer biology.
Research on insulin analogues and anti-insulin receptor
antibodies highlights the role of insulin signaling in cancer
progression. IR exacerbates tumor growth by sustaining
hyperinsulinemia, enhancing tumor cell proliferation and
survival. Targeting IR through lifestyle changes or phar-
macological interventions offers a promising strategy to
improve breast cancer outcomes [6]. Additionally, IR con-
tributes to metabolic syndrome, complicating breast can-
cer management. The PI3BK-AKT-mTOR pathway, involved
in insulin signaling, mediates resistance to endocrine
therapy (ET), with high insulin receptor expression linked
to poor prognosis [6].

Not all breast cancer patients exhibit insulin resistance
(IR). A study by Alan et al. involving 55 patients found that
25 did not have IR and showed a better response to
treatment [7]. Breast epithelial cells are surrounded by
adipose tissue, and the crosstalk between these compart-
ments is increasingly recognized as a key factor in the
initiation and progression of breast cancer, alongside IR
[8]. Lipid dysregulation, a common consequence of IR,
leads to free fatty acid accumulation, heightening oxida-
tive stress by increasing reactive oxygen species (ROS)
production [9]. This oxidative stress damages DNA, pro-
teins, and lipids, while the hypoxic tumor environment
further exacerbates lipid accumulation in breast tissue
[10]. This creates a vicious cycle that not only amplifies
oxidative stress but also disrupts insulin signaling, pro-
moting tumor growth and metastasis [10]. However, not
all lipid parameter derangements predispose individuals
to breast cancer. A meta-analysis of 26 prospective
studies revealed conflicting data on the relationship be-
tween lipids and breast cancer [11].

The Homeostatic Model Assessment of Insulin Resistance
(HOMA-IR), based on fasting glucose and insulin levels,
is commonly used to evaluate IR. However, the triglycer-
ide-glucose (TyG) index, calculated from fasting triglycer-
ides and glucose, has emerged as a more cost-effective
and reliable alternative [12], [13], [14]. This study aimed
to assess the prevalence of insulin resistance in female
breast cancer patients and identify the lipid parameters
most significantly influencing IR to prevent further com-
plications.

Materials and methods

This retrospective observational study was conducted at
a tertiary care center in India. Newly diagnosed, histopa-
thologically confirmed non-diabetic female breast cancer
patients aged above 18 years, who provided informed
consent and had complete clinical data, were included.
Out of 269 patients initially enrolled, only 122 met the
inclusion criteria. Patients with diabetes mellitus, those
who declined consent, or those with incomplete data were
excluded.

Data were collected using a pre-defined proforma covering
age, BMI, smoking history, hypertension history, and fam-

ily history of breast cancer. Laboratory parameters, includ-
ing lipid profiles and fasting glucose, were retrieved from
the hospital’s information system. Based on Panigoro et
al., who identified a TyG index >8.87 as a risk threshold
for breast cancer [15], participants were categorized into
high- and low-risk groups accordingly.
Group |: Breast cancer patients with TyG index <8.87
Group lI: Breast cancer patients with TyG index >8.87
The TyG index was calculated as the natural logarithm
(Ln) of the product of plasma glucose and triglyceride
(TG) using the formula [16]:

Ln (TG[mg/dL]*xglucose [mg/dL]/2)
Difference relating to the levels of various lipid parame-
ters and the demographic details were assessed between
these two groups.

Statistical analysis plan

The data was analysed using Jamovi version 2.4.11.
Normality of continuous variables was assessed with Q-Q
plots and the Shapiro-Wilk test. Continuous variables
were reported as mean (xSD)/median (IQR), and categor-
ical variables as frequency and percentage. Subjects were
grouped by TyG index (cutoff: 8.87). Differences between
groups were analysed using independent t-test or Mann-
Whitney U test for continuous variables and Chi-square
test for categorical variables. A p-value <0.05 was con-
sidered significant. Multicollinearity among lipid parame-
ters was assessed using the Variance Inflation Factor
(VIF).

Univariate analysis was conducted to identify potential
predictors, and significant variables were selected using
the backward elimination method for the model. The
model was developed using Python version 3.10.12, and
its predictive performance was assessed to ensure
goodness of fit. Odds ratios with 95% confidence intervals
and standard errors were calculated for each variable.
The model’s predictive value was evaluated using the
receiver operating characteristic (ROC) curve, and a logis-
tic regression formula was derived to estimate the likeli-
hood of insulin resistance in breast cancer patients.
Various Python libraries were utilized, including NumPy
for efficient numerical operations, Pandas for handling
tabular data, matplotlib.pyplot for creating visualizations
such as graphs, sklearn.linear_model for logistic regres-
sion modeling, sklearn.metrics for model evaluation, and
statsmodels.api for advanced statistical modeling and
interpretation of logistic regression results.

Results

Atotal of 122 breast cancer patients were recruited, with
a mean age of 50.7+10.9 years (range: 26-85 years).
Table 1 presents the demographic and clinical character-
istics of the subjects, categorized by TyG index using a
cut-off value of 8.87. There were 54 (44.3%) breast can-
cer patients with high IR as assessed by TyG index in our
cohort. No significant differences were observed between

GMS German Medical Science 2025, Vol. 23, ISSN 1612-3174

2/7



Kumari et al.: Evaluating lipid-driven insulin resistance via TyG ...

Table 1: Demographic and clinical characteristics of subjects categorized by TyG index

Parameters Total population Low TyG index (n=68) High TyG index P-value
(N=122) (n=54)
Age (years) 50.7+10.9 49.9+11.9 51.8+9.54 0.342
BMI (kg/m)? 23.0 (21.0-25.8) 23.1 (21.2-24.6) 22.9 (20.9-26.6) 0.981
Triglycerides (mg/dI) 139.0 (98.5-184.0) 102.0 (83.2-127.5) 192.0 (167.5-220.3) | <0.001*
Total cholesterol (mg/dl) 177 (152-204) 173.0 (147.3-188.2) 192.0 (164.8-217.1) 0.003*
LDL-C (mg/dl) 106 (81-129) 102.0 (81.4-123.4) 111 (81-135) 0.236
HDL-C (mg/dl) 43.4+11.0 44.2+11.4 42.3+10.4 0.358
VLDL-C (mg/dl) 27.7 (19.7-37.8) 20.4 (16.6-25.5) 39.1 (33.5-44.1) <0.001*
Total cholesterol/HDL-C 4.31+1.03 4.02+1.06 4.68+0.87 <0.001*
LDL-C/HDL-C 2.50 (1.94-3.10) 2.29 (1.86-3.09) 2.73 (2.17-3.10) 0.095
VLDL-C/HDL-C 0.65 (0.44-1.02) 0.46 (0.33-0.61) 1.00 (2.17-3.10) <0.001*
Triglyceride/HDL-C 3.19 (2.22-5.08) 2.32 (1.64-3.06) 4.92 (3.74-5.66) <0.001*
History of hypertension
a) Yes 65 (563.3%) 39 (57.4%) 26 (48.1%) 0.311
b) No 57 (46.7%) 29 (42.6%) 28 (51.9%)
Family history
a) Yes 71 (58.2%) 40 (58.8%) 31 (57.4%) 0.875
b) No 51 (41.8%) 28 (41.2%) 23 (42.6%)
Smoking history
a) Yes 67 (54.9%) 40 (58.8%) 27 (50%) 0.331
b) No 55 (45.1%) 28 (41.2%) 27 (50%)

VLDL-C=very low-density lipoprotein-cholesterol, LDL-C=low-density lipoprotein-cholesterol, HDL-C=high-density
lipoprotein-cholesterol, BMI=body mass index [weight in kg/(height in meter)]?

the two groups in terms of age, BMI, history of hyperten-
sion, smoking history, low-density lipoprotein cholesterol
(LDL-C) levels, high-density lipoprotein cholesterol (HDL-C)
levels, LDL-C/HDL-C ratio, or family history. However, the
mean or median levels of triglycerides (TG), total choles-
terol (TC), very low-density lipoprotein cholesterol
(VLDL-C), total cholesterol/HDL-C ratio, VLDL-C/HDL-C
ratio, and triglyceride/HDL-C ratio were significantly
higher in the elevated TyG index group (Table 1).

Table 2 presents the results of the univariate analysis
used to identify potential parameters associated with low
and elevated TyG index groups for the binary logistic re-
gression model. Among the parameters analysed, TC,
VLDL-C, TC/HDL-C ratio, VLDLC/HDLC ratio, and
TG/HDL-C ratio showed statistical significance (P<0.05%).
Conversely, age, BMI, LDL-C, HDL-C, LDL-C/HDL-C ratio,
history of hypertension, family history, and smoking history
did not exhibit statistically significant differences
(P>0.05).

The multivariate logistic regression analysis found TC,
TC/HDL-C ratio, and LDL-C as factors influencing the low
and high TyG index groups in female breast cancer pa-
tients. We found no multicollinearity among these three
parameters as assessed by VIF (less than 10). Thus, our
results indicate that only these three are significantly
associated with an IR level greater than 8.87, which is a
known risk factor for the development of female breast
cancer.

As shown in Table 3, the predictive model is expressed
as: Logit (P)=-13.941+0.145X,+1.558X,-0.178X,, where
the covariates X,, X, and X, represent TC, TC/HDL-C ratio,

and LDL-C, respectively. So, in this logistic regression
formula, on putting the values of these three parameters,
we will get the logit (P) value, which will be the probability
percentage of having high TyG index, indicating higher IR.
The logistic regression model demonstrated excellent
predictive performance, with an area under the curve
(AUC) of 0.927 (95% Cl: 0.864-0.978), indicating strong
discriminative ability between high and low TyG index
groups. The model showed high sensitivity (85.19%) and
specificity (94.12%), with a positive predictive value of
92.00% and a negative predictive value of 88.89%, result-
ing in an overall accuracy of 90.16%. Additionally, McFad-
den’s R2 value of 0.39 suggests a good model fit. These
findings indicate that the model reliably identifies insulin
resistance using key lipid parameters. Figure 1 shows
the ROC curve for the logistic regression model.

Discussion

Insulin resistance (IR) is increasingly recognized as a con-
tributor to breast cancer progression, with the triglyceride-
glucose (TyG) index serving as a reliable marker [1].
Among 122 female breast cancer patients, 44.3% exhib-
ited high IR. The high IR group had elevated triglycerides,
total cholesterol (TC), VLDL-C, and TC/HDL-C ratio. Uni-
variate analysis identified TC, VLDL-C, and TC/HDL-C ratio
as significant predictors. Multivariate regression con-
firmed TC, TC/HDL-C ratio, and LDL-C as independent pre-
dictors. The model demonstrated strong predictive per-
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Table 2: Univariate logistic regression analysis of parameters for predicting insulin resistance by TyG index

Parameters Coefficient (B) Odds ratio 95% confidence interval P-value
Age (years) 0.016 1.016 0.98-1.05 0.340
BMI (kg/m?) 0.015 1.012 0.93-1.10 0.797
Total cholesterol (mg/dl) 0.014 1.014 1.00-1.02 0.004*
LDL-C (mg/dl) 0.006 1.006 0.99-1.02 0.288
HDL-C (mg/dl) -0.016 0.985 0.95-1.02 0.355
VLDL-C (mg/dl) 0.358 1.430 1.25-1.64 <0.001*
Total cholesterol/HDL-C 0.683 1.981 1.34-2.94 <0.001*
LDL-C/HDL-C 0.284 1.329 0.86-2.06 0.205
VLDL-C/HDL-C 5.880 357.868 47.29-2,708.19 <0.001*
Triglyceride/HDL-C 1.150 3.157 2.12-4.71 <0.001*
History of hypertension
c) Yes -0.370 0.690 0.34-1.42 0.312
d) No 1
Family history
c) Yes —0.058 0.943 0.46-1.95 0.875
d) No 1
Smoking history
c) Yes -0.357 0.700 0.34-1.44 0.331
d) No 1

Table 3: Multivariate logistic regression analysis of parameters for predicting insulin resistance

Parameters Coefficient (B) | Standard error | Odds ratio 95% confidence P-value
interval
Intercept -13.941 2.527 0.0001 0.00001-0.001 <0.001*
Total cholesterol 0.145 0.028 1.156 1.095-1.221 <0.001*
Total cholesterol/HDL-C 1.558 0.334 4.749 2.466-9.146 <0.001*
LDL-C -0.178 0.035 0.837 0.782-0.896 <0.001*
Receiver Operating Characteristic (ROC) Curve
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Figure 1: ROC curve of the predictive model with the area under the curve 0.927
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formance (AUROC=0.927), emphasizing the clinical utility
of lipid markers in IR assessment.

Chronic hyperinsulinemia promotes oncogenesis by acti-
vating cellular signaling pathways that drive growth factor-
dependent cell proliferation. Insulin increases IGF-1 bio-
activity by enhancing its production and suppressing
IGFBP-1 and IGFBP-2 [17]. It also reduces SHBG levels,
elevating free sex hormones like oestradiol and testoster-
one, which promote breast epithelial proliferation and in-
hibit apoptosis [17]. Additionally, insulin resistance (IR) in-
duces oxidative stress via excess ROS, contributing to
DNA damage and carcinogenesis [17]. Given the abun-
dance of adipose tissue in the breast, IR, adipose-derived
oestrogen, inflammatory mediators, and adipokines fur-
ther amplify cancer risk, particularly in dense breast tissue,
by driving oxidative stress and oncogenic signaling [8].
Dysregulated lipid metabolism has been implicated in breast
cancer development, although recent meta-analyses have
yielded conflicting results regarding the relationship
between lipid profile parameters and breast cancer risk
[14], [18]. One analysis reported a significant negative
association between HDL-C levels and breast cancer risk,
while no such correlation was found for TC, TG, or LDL-C
[11]. Contrarily, research by Hagyer et al. established a
significant link between HDL-C levels and breast cancer
risk, in contrast to studies by Moorman et al., Furberg et
al., and Kucharska-Newton et al., which found no such
association [19], [20], [21], [22]. Further investigations,
including those by Vatten et al., Gaard et al., and Manjer
et al., reported no significant connection between lipid
measures and breast cancer prognosis [23], [24], [25].
Additionally, studies by Iso et al. and Fagherazzi et al.
identified a significant correlation between TC levels and
the increased risk of breast cancer complications, while
other studies by Steenland et al. and Eliassen et al. found
no such link [26], [27], [28], [29]. Similarly, Melvin et al.
highlighted TG levels as significantly associated with
higher breast cancer risk and poor prognosis, whereas
Ulmer et al. found no such significant relationship [30], [31].
Our study identifies total cholesterol (TC), the TC/HDL-C
ratio, and LDL-C as significant factors influencing insulin
resistance (IR), as assessed by the TyG index, in female
breast cancer patients. We observed that alterations in
these lipid parameters are strongly associated with ele-
vated IR, particularly when the TyG index exceeds 8.87,
which is linked to a higher risk of complications and
poorer prognosis, as highlighted by Panigoro et al. [15].
However, the study has limitations, including a relatively
small sample size and its single-center design, which may
impact the generalizability of the findings. Further re-
search with larger, multicentre cohorts is needed to better
understand the pathogenesis of complications in breast
cancer patients. Early prevention and management of
insulin resistance through lifestyle changes, including die-
tary modifications, physical activity, and pharmacological
interventions, could play a crucial role in improving patient
outcomes and preventing the progression of complica-
tions, ultimately leading to better prognosis in breast
cancer.

Conclusion

Our study underscores the pivotal role of lipid abnormal-
ities - specifically total cholesterol (TC), the TC/HDL-C
ratio, and LDL-C - in modulating insulin resistance (IR)
among women with breast cancer. We observed that
these lipid imbalances are significantly linked to elevated
IR, as indicated by a TyG index greater than 8.87, a well-
established marker of heightened breast cancer risk.
Disruptions in lipid metabolism contribute to the patho-
physiology of breast cancer, potentially accelerating dis-
ease progression. These findings suggest that addressing
lipid abnormalities could offer a powerful tool for early
detection and preventive strategies. Regular monitoring
of lipid profiles, especially for women over 30 or those
perimenopausal, is critical to maintaining healthy TC,
TC/HDL-C, and LDL-C levels, thereby reducing the risk of
breast cancer. Moving forward, larger, multicentre studies
are needed to validate these findings and explore the
mechanisms by which lipid imbalances impact breast
cancer outcomes. In doing so, we can improve prevention
efforts and ultimately enhance patient prognosis.

Highlights

e Qur study highlights the significant association
between lipid abnormalities - particularly total choles-
terol (TC), the TC/HDL-C ratio, and LDL-C - and ele-
vated insulin resistance (IR) in women with breast
cancer.

* Elevated IR, as indicated by a TyG index greater than
8.87, was strongly linked to an increased risk of breast
cancer progression, emphasizing the role of lipid dys-
regulation in the disease’s pathophysiology.

* Regular monitoring of lipid profiles, particularly TC,
TC/HDLC, and LDLC, is essential for early detection
and prevention strategies, especially for women over
30 or those perimenopausal.

Data
Data for this article are available from Dryad [32]

(https://doi.org/10.5061/dryad.kd51c5hjn).
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