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linking triglyceride-glucose index
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Background: Bladder carcinoma (BCa) is a prevalent urological malignancy
characterised by high recurrence and progression rates, posing significant
challenges in clinical management. The triglyceride-glucose (TyG) index has
emerged as a promising prognostic marker for metabolic health in various
cancers. This study explores the prognostic value of the TyG index in non-
muscle-invasive bladder cancer (NMIBC), with a focus on its association with
high-grade recurrence-free survival (RFS) and progression-free survival (PFS) and
the mediating role of systemic inflammation.

Methods: A total of 230 patients diagnosed with NMIBC between October 2017
and October 2022 were included in this retrospective study. Clinical and
pathological data were collected alongside follow-up treatment outcomes.
Mediation analysis was conducted to quantify the role of systemic
inflammation, using markers such as C-reactive protein (CRP), interleukin-6
(IL-6), and interleukin-8 (IL-8), in the relationship between the TyG index and
patient prognosis.

Results: The TyG index was identified as a significant, non-linear prognostic
factor for both RFS and PFS. An inverted U-shaped relationship was observed,
with inflexion points at 9.186 and 9.168 for RFS and PFS, respectively. Below
these thresholds, the TyG index was positively associated with worse outcomes
(RFS: HR = 3.37,95% Cl = 1.77-6.41, P < 0.001; PFS: HR = 3.54, 95% Cl = 1.65-
7.58, P = 0.001). Mediation analysis revealed systemic inflammation as a critical
intermediary, contributing significantly to the observed associations.

Conclusion: These findings suggest that the TyG index could serve as a valuable
tool for risk stratification and prognostic assessment in NMIBC. Its integration
into clinical decision-making frameworks may improve personalised
management strategies, particularly by targeting systemic inflammation as a
modifiable factor.
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1 Introduction

Bladder cancer (BCa) is among the malignant tumours with a
poor prognosis worldwide, primarily owing to its high risks of
recurrence and progression (1). Initially, approximately 70-75% of
patients are diagnosed with non-muscle-invasive bladder cancer
(NMIBC) (2). Despite the implementation of standard therapies
such as transurethral resection of bladder tumours (TURBT) with
intravesical instillation (IVI) therapy, tumour relapse or progression to
the more aggressive muscle-invasive bladder cancer (MIBC) occurs in
30-80% of patients (3, 4). Despite the identification of numerous
biomarkers for predicting NMIBC prognosis, these advancements
have not yet resulted in marked improvements in overall survival rates
for BCa patients (5, 6). This highlights the critical need for further
investigation into the biological and clinical characteristics of NMIBC,
as well as the discovery of novel biomarkers, which are essential for
developing more effective therapeutic strategies.

Metabolic syndrome (MetS), characterised by dyslipidemia,
hypertension, diabetes, and abdominal obesity (7), is increasingly
considered a notable risk factor that adversely affects the outcomes
of BCa patients (8, 9). Insulin resistance (IR) serves as a key
pathogenic link between metabolic disturbances and oncogenesis,
significantly contributing to tumour initiation and progression (7,
10). Extensive research has shown that IR elevates the risk of several
carcinomas, like gastric, prostate, and non-small cell lung cancers,
and is strongly associated with poorer prognoses (11, 12). A study
by Montella M. et al. notably identified that IR is more pervasive
among BCa patients than those without (13). Clinically, IR and lipid
metabolism disorders are commonly assessed using the TyG index
(14, 15), with the TyG index showing superior predictive value
compared with Euglycaemic-Hyperinsulinaemic Clamp (clamp-IR)
(16). Recent research has underscored the TyG index as a valuable
marker for predicting gastric, renal, and prostate cancer outcomes
(12, 17-19). However, the TyG index has not been explored in
relation to its prognostic significance in NMIBC. It is hypothesised
that an increased TyG index is believed to be strongly linked to a
negative outcome in NMIBC patients.

Inflammation is a key factor in mediating chronic cellular
damage and promoting tumour progression, and it is closely
linked to the pathophysiology of IR (20, 21). Research has
demonstrated that individuals with a higher TyG level tend to
exhibit a heightened inflammatory state (20). Furthermore, the TyG
index has been found to correlate with the systemic immune-
inflammation index (SII), indicating a possible connection
between metabolic dysfunction and systemic inflammation (22).
The intricate and bidirectional relationship between inflammation
and cancer has significant implications for NMIBC prognosis (23,
24). Together, these findings underscore the critical role of
inflammation in cancer progression and suggest that the TyG
index may further influence outcomes in BCa patients by
exacerbating inflammatory pathways.

Building upon the background provided, this study hypothesizes
that the TyG index significantly influences the prognosis of NMIBC
patients by modulating systemic inflammation. Furthermore,
inflammatory markers like interleukin-6 (IL-6) and interleukin-8
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(IL-8) are proposed to mediate the association between the TyG
index and patient outcomes. This study aims to thoroughly investigate
the prognostic relevance of the TyG index among the NMIBC
population, particularly emphasizing the mediating role
of inflammation.

2 Materials and methods
2.1 Study design and population

In accordance with ethical standards, written informed consent
was waived due to the retrospective design of the study. Data from
patients diagnosed with NMIBC between October 2017 and
October 2022 were reviewed. The inclusion criteria were as
follows: (1) TURBT as the surgical method; (2) pathological
confirmation of urothelial carcinoma; and (3) clear postoperative
pathological staging and grading with no evidence of muscle
invasion or metastasis. Exclusion criteria included: (1) incomplete
clinical data; (2) a diagnosis of other cancers before or after surgery;
(3) treatments other than bladder instillations prior to or after
TURBT; (4) preoperative acute infections; and (5) the presence of
carcinoma in situ (CIS). Of the 571 NMIBC patients initially
identified, 230 were ultimately included in the analysis (Figure 1).

2.2 Variables and definitions

This study collected a comprehensive range of clinical and
pathological data, including details on postoperative treatment
and follow-up outcomes. Demographic information, such as age
and sex, was recorded, alongside key clinical parameters like
hypertension, diabetes, and smoking status. Lipid metabolism
markers, including fasting plasma glucose (FPG), high-density
lipoprotein cholesterol (HDL-C), triglycerides (TG), and body
mass index (BMI), were also documented. Inflammation-related
markers, such as C-reactive protein (CRP), IL-6, IL-8, platelet count
(PIt), and the C-reactive protein-albumin-lymphocyte (CALLY)
index, were assessed. All haematological data were obtained from
blood tests performed within one week prior to surgery to ensure
accuracy and relevance to the patient’s health status. Tumour-
specific characteristics, including tumour count, maximum
tumour diameter, recurrence after TURBT, and postoperative
pathological staging and grading, were also recorded. Pathological
staging adhered to the 2017 TNM classification system for bladder
tumours, lymph nodes, and metastasis, while histological grading
followed the World Health Organization (WHO) criteria
(2004/2016).

The TyG index was calculated using the formula: TyG =In [TG
(mg/dL) x FBG (mg/dL)/2], with a threshold value of 8.60,
determined by the median (Supplementary Figure 1). Consistent
with the principle of maximizing survival differences, the cut-off
point for the TyG index is also set at 8.60, as indicated by the highest
Youden index (Supplementary Figure 2). Based on this threshold,
patients were divided into two groups: those with a TyG index >
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other than IVI before or
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115 NMIBC patients with high TyG
Index (TyG Index > 8.60)

115 NMIBC patients with low TyG
Index (TyG Index < 8.60)

FIGURE 1

Process of clinical data collection and selection. NMIBC, non-muscle-invasive bladder cancer; VI, intravesical instillation; TURBT, transurethral

resection of the bladder tumour.

8.60, indicative of a higher risk of MetS and related complications,
and those with a TyG index < 8.60.

Inflammatory markers, serving as mediating variables in this
study, primarily included CRP, IL-6 and IL-8. Participants were
classified based on their CRP levels, with values greater than 5 mg/L
considered as high CRP and values of 5 mg/L or lower as low CRP.
The X-tile tool was used to categorize IL-6 levels into two groups:
high IL-6 (IL-6 > 13 pg/mL) and low IL-6 (IL-6 < 13 pg/mL).
Similarly, IL-8 concentrations were divided into high IL-8 (IL-8 >
4.6 pg/mL) and low IL-8 (IL-8 < 4.6 pg/mL) groups. Additionally,
the CALLY index was utilized as an indicator of systemic
inflammation. CALLY index was calculated using the formula:
CALLY index = Albumin(g/L) x Lymphocyte (x1079/L)/[CRP
(mg/L) x10].

2.3 Patient follow-up

In accordance with follow-up guidelines for NMIBC, the
clinical endpoints were recurrence-free survival (RFS) and
progression-free survival (PFS). RES was defined as the time from
TURBT to the detection of high-grade recurrence, metastasis, or
cancer-related death, while PES referred to the time from surgery to
clinical progression, metastasis, or cancer-related death. Patient
monitoring was designed to track these endpoints. For low-risk
patients, the first postoperative evaluation typically occurs three
months after TURBT, followed by annual assessments. In contrast,
intermediate- and high-risk patients, who require more intensive
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monitoring, are evaluated every 3 to 6 months during the first two
years, transitioning to annual follow-ups thereafter. Diagnostic
procedures, including blood and urine tests, cystoscopy, and
urinary cytology, are regularly performed to detect potential
recurrences. In patients at elevated risk for recurrence or disease
progression, additional imaging via CT or MRI is employed to
exclude the presence of invasive disease.

2.4 Adjuvant intravesical instillation therapy

With the exception of a few patients who declined bladder
instillation, all others received their first instillation within 24 hours
of TURBT. According to clinical guidelines, patients were advised
to undergo weekly IVI for 6 to 8 weeks following TURBT, followed
by monthly instillations for up to 12 months. Based on the patient’s
postoperative bladder perfusion chart, the drugs of interest in this
study included epirubicin, pirarubicin, gemcitabine, and Calmette-
Guerin (BCG). In this study, the number of postoperative IVI was
categorized into three groups: 0-1, 2-12, and more than 12, and this
categorization was included in the prognostic analysis.

2.5 Statistical analysis
All statistical analyses were conducted using R software.

Descriptive statistics, including means, medians, proportions, and
interquartile ranges (IQRs), were used to summarize the data.
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Various statistical tests were employed to compare demographic,
haematological, pathological, and imaging characteristics between
the two TyG index groups. For categorical variables, differences
between groups were assessed using the chi-square test or Fisher’s
exact test, depending on the sample size and distribution. Kaplan-
Meier survival curves were generated to examine survival differences
between the two TyG index groups. A Cox proportional hazards
model was applied for both univariate and multivariate analyses. The
univariate analysis evaluated the effect of each variable independently,
while the multivariate analysis adjusted for potential confounders.
Three models were developed: an unadjusted model (without
covariates), Model 1 (adjusted for gender, age, and BMI), and
Model 2 (adjusted for additional factors, including repeat TURBT,
hypertension, diabetes, smoking status, previous recurrence, tumour
characteristics, and laboratory markers). To investigate the
relationship between the TyG index and RFS and PES, restricted
cubic splines (RCS) with four knots (at 0.05, 0.35, 0.65, and 0.95) were
used to model potential non-linear associations. Penalized splines
were applied to smooth the curves. For non-linear relationships, a
piecewise Cox regression model was employed to assess the
association between the TyG index and RFS/PFS on either side of
the inflexion points.

A bootstrap approach with 5,000 iterations was applied to
evaluate the mediating effect of systemic inflammation. This
analysis aimed to determine whether systemic inflammation
modulates the TyG index with RFS and PFS. CRP, IL-6 and IL-8
were included as mediators. Additionally, in light of the increasing
recognition of novel markers of systemic inflammation, the CALLY
index was also incorporated into the analysis. The study further
assessed the mediating roles of CRP, IL-6, IL-8 and CALLY index
on outcomes in NMIBC patients.

3 Results
3.1 Characteristics of patients

In this study, 571 patient records were reviewed, with 230 cases
involved. The median age of individuals diagnosed with NMIBC
was 69 years. These patients ranged in age from 24 to 94 years, with
193 (83.91%) males. Among the participants, 76 (33.04%) were
hypertensive, 29 (12.61%) were diabetic, and 71 (30.87%) had a
smoking history. Most cases involved multiple tumours (56.09%),
high-grade tumours (67.39%), T1-stage tumours (50.43%) and first-
time occurrences (77.83%). In terms of follow-up treatment, 44
patients (19.13%) underwent a repeat TURBT within 6 weeks
postoperatively. A total of 40 patients (17.39%) either declined
postoperative bladder instillation or received only one instillation
within 24 hours post-surgery, 40 patients (17.39%) received 2-12
instillations, and 150 (65.22%) completed standard adjuvant IVI
therapy. Comparative analysis indicated that individuals who had
elevated TyG index tended to have a higher BMI, elevated lipid
levels, increased platelet and neutrophil counts, as well as higher
CRP, IL-8 and CALLY index (P < 0.05) (Table 1).
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3.2 Patient prognosis

Patients had varying lengths of follow-up periods, which
spanned from 1 to 72 months. Patients were monitored for a
median of 30.5 months, allowing for a comprehensive assessment
of their outcomes over a significant period. During this period, 87
patients experienced high-grade recurrence, resulting in a
recurrence rate of 37.82%, while 59 cases of progression were
recorded, yielding a progression rate of 25.65%. RFS and PFS
were evaluated through Kaplan-Meier survival curves (Figure 2),
which revealed that the TyG index is negatively correlated with
patient prognosis.

Tables 2 and 3 present the association between the TyG index
and RFS as well as PFS in patients with NMIBC. Overall, after
adjusting for multiple variables, a statistically significant positive
correlation was observed between the TyG index and both RFS (HR
= 1.652, 95% CI = 1.015-2.689, P = 0.043) and PFS (HR = 1.905,
95% CI = 1.017-3.570, P = 0.044), indicating that higher TyG levels
are associated with worse survival outcomes. Furthermore, when
patients were stratified by the median TyG index, those in the high
TyG group demonstrated notably worse survival outcomes.
Specifically, the high TyG group had significantly lower RES (HR
= 2.280, 95% CI = 1.272-4.087, P = 0.006) and PFS (HR = 5.406,
95% CI = 2.383-12.261, P < 0.001) compared to the low TyG group.
In conclusion, after adjusting for confounding variables, the TyG
index, whether considered as a continuous or categorical variable,
exerts a significant influence on the prognosis of NMIBC patients.
Higher TyG index values are strongly associated with worse
outcomes in both RFS and PFS, suggesting that a higher TyG
index serves as a predictor of poorer prognosis in these patients.

3.3 The non-linear relationship between
the TyG index and prognosis in patients
NMIBC

As shown in Figure 3, after adjusting for multiple potential
confounding factors, a non-linear relationship was observed
between the TyG index and both RFS and PES in patients with
NMIBC. To further explore this relationship, RCS and segmented
Cox regression were utilized. Figures 3A, B illustrate an inverted U-
shaped association between the TyG index and both RFS and PES,
with optimal inflexion points at 9.186 and 9.168, respectively
(Table 4). Below these inflexion points, an increase in the TyG
index was associated with progressively higher risks for both RES
(HR = 3.37,95% CI = 1.77 - 6.41, P < 0.001) and PFS (HR = 3.54,
95% CI = 1.65 - 7.58, P = 0.001). Beyond these thresholds, the
association plateaued, with risk levels stabilizing.

3.4 Mediation effect of inflammation

Mediation analysis revealed significant mediating effects of
CRP, IL-6, IL-8 and CALLY index between the TyG index and
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TABLE 1 Clinical characteristics & baseline demographics of NMIBC patients.

TyG index
Variables Overall (n=230) P-Value
Low (n=115) High (n=115)
Age (year) 69.00 (62.00, 78.00) 70.00 (63.00, 78.50) 67.00 (58.00, 77.00) 0.082
BMI 25.10 (22.66, 27.45) 24.22 (21.80, 27.02) 25.78 (23.39, 27.68) 0.001
TC (mmol/l) 4.50 (3.83, 5.13) 4.30 (3.54, 5.04) 4.72 (4.05, 5.41) <0.001
TG (mg/dl) 1.25 (0.94, 1.70) 0.96 (0.76, 1.15) 1.70 (1.46, 2.09) <0.001
FBG (mg/dl) 5.20 (4.70, 5.96) 4.93 (4.56, 5.37) 5.64 (4.96, 6.96) <0.001
HDL-C (mg/dl) 1.11 (0.92, 1.32) 1.20 (1.01, 1.46) 1.04 (0.83, 1.19) <0.001
Hb (/) 139.00 (127.00, 148.00) 137.00 (124.00, 145.50) 142.00 (131.00, 150.00) 0.023
Alb (g/1) 42.95 (40.12, 45.18) 42.10 (39.40, 44.30) 43.40 (40.60, 46.55) 0.010
CRP (mg/dl) 2.10 (0.70, 6.90) 1.40 (0.50, 4.20) 3.20 (1.10, 8.00) 0.002
IL-6 (pg/ml) 3.72 (2.04, 10.30) 3.32 (2.05, 6.67) 4.89 (2.02, 15.30) 0.120
IL-8 (pg/ml) 2.44 (1.46, 7.67) 2.36 (1.20, 4.38) 3.18 (1.71, 8.71) 0.004
Platelet count (x1019/1) 202.00 (167.00, 234.75) 196.00 (160.50, 231.50) 208.00 (171.00, 240.00) 0.046
Neutrophil count (x10A9/1) 3.38 (2.77, 4.38) 3.28 (2.69, 3.80) 3.69 (2.91, 4.77) 0.001
Lymphocyte count (x10/9/1) 1.80 (1.40, 2.30) 1.70 (1.30, 2.20) 1.80 (1.50, 2.30) 0.140
CALLY index 3.27 (1.02, 8.96) 4.29 (1.34, 15.25) 2.44 (091, 7.39) 0.037
Maximum tumor
diameter (mm) 20.00 (15.00, 30.00) 22.00 (15.00, 30.00) 20.00 (15.00, 30.00) 0.333
Gender, n (%) 0.858
Female 37 (16.09) 19 (16.52) 18 (15.65)
Male 193 (83.91) 96 (83.48) 97 (84.35)
Tumor number, n (%) 0.894
Multiple 129 (56.09) 65 (56.52) 64 (55.65)
Single 101 (43.91) 50 (43.48) 51 (44.35)
Pathology grade, n (%) 0.888
High-grade 155 (67.39) 78 (67.83) 77 (66.96)
Low-grade 75 (32.61) 37 (32.17) 38 (33.04)
T category, n (%) 0.598
Tl 116 (50.43) 56 (48.70) 60 (52.17)
Ta 114 (49.57) 59 (51.30) 55 (47.83)
Hypertension, n (%) 0.050
No 154 (66.96) 84 (73.04) 70 (60.87)
Yes 76 (33.04) 31 (26.96) 45 (39.13)
Diabetes, n (%) 0.010
No 201 (87.39) 107 (93.04) 94 (81.74)
Yes 29 (12.61) 8 (6.96) 21 (18.26)
Smoking status, n (%) 0.886
No 159 (69.13) 80 (69.57) 79 (68.70)
Yes 71 (30.87) 35 (30.43) 36 (31.30)
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o T 5%0 TyG index
Variabies VEraEaeestl Low (n=115) High (n=115)
Prior recurrence status, n (%) 0.427
Primary 179 (77.83) 92 (80.00) 87 (75.65)
Recurrent 51 (22.17) 23 (20.00) 28 (24.35)
Repeat TURBT, n (%) 0.737
No 186 (80.87) 94 (81.74) 92 (80.00)
Yes 44 (19.13) 21 (18.26) 23 (20.00)
IVI times, n (%) 0.670
0-1 40 (17.39) 22 (19.13) 18 (15.65)
2-12 40 (17.39) 18 (15.65) 22 (19.13)
>12 150 (65.22) 75 (65.22) 75 (65.22)

Median (IQR) is used to present continuous variables, while percentages are used to present categorical variables.
BMI, Body mass index; TC, Serum total cholesterol; TG, Triglyceride; FBG, Fasting blood glucose; HDL-C, High-density lipoprotein cholesterol; Hb, Hemoglobin; Alb, Albumin; CRP, C-reactive
protein; IL-6, Interleukin-6; IL-8, Interleukin-8; SII, Systemic immune-inflammation index; IVI: intravesical instillation; TURBT, transurethral resection of bladder tumours.

TABLE 2 Relationship between TyG index and recurrence-free survival.

TyG index Non-adjusted Adjust | Adjust Il
Continuous 1.822 (1.296 - 2.560) <0.001 2.015 (1.366 - 2.973) <0.001 1.652 (1.015 - 2.689) 0.043
Group
Low ‘ 1.000 (Reference) 1.000 (Reference) ‘ 1.000 (Reference) ‘
High 2.341 (1.498 - 3.658) <0.001 2.638 (1.644 - 4.234) <0.001 ‘ 2.280 (1.272 - 4.087) 0.006

Non-adjusted model adjusted for: None. Adjust I model adjusted for: Gender, Age and BMI. Adjust II model adjusted for: Repeat TURBT, Gender, Hypertension, Diabetes, Smoking, Prior
recurrence status, Tumor number, Pathology grade, T category, IVI times, Maximum tumor diameter, TC, HDL-C, Hb, Alb, Platelet count, Neutrophil count, Lymphocyte count, Age and BML

TABLE 3 Relationship between TyG index and progression-free survival.

TyG index Non-adjusted P-value Adjust | P-value Adjust Il P-value
Continuous ‘ 1.873 (1.235 - 2.840) 0.003 2.090 (1.286 - 3.396) 0.003 1.905 (1.017 - 3.570) ‘ 0.044
Group
Low ‘ 1.000 (Reference) 1.000 (Reference) 1.000 (Reference) ‘
High ‘ 3.430 (1.908 - 6.167) <0.001 4.085 (2.195 - 7.601) <0.001 5.405 (2.383 - 12.261) <0.001

Non-adjusted model adjusted for: None. Adjust I model adjusted for: Gender, Age and BMI. Adjust II model adjusted for: Repeat TURBT, Gender, Hypertension, Diabetes, Smoking, Prior
recurrence status, Tumor number, Pathology grade, T category, IVI times, Maximum tumor diameter, TC, HDL-C, Hb, Alb, Platelet count, Neutrophil count, Lymphocyte count, Age and BML

RFS/PES (Figure 4). Specifically, CRP, IL-6, IL-8 and CALLY index
mediated 16.85%, 15.3%, 16.45% and 18.6% effect between the TyG
index and RFS, respectively (P < 0.05) (Figures 4A, C, E, G).
Similarly, these markers mediated a 12.5%, 11.1%, 13.5% and
31.7% effect between the TyG index and PFS (P < 0.05)
(Figures 4B, D, F, H). A bootstrap test with 5,000 iterations
confirmed the significance of these mediation effects, as the 95%
ClIs did not include zero. These results highlight the role of systemic
inflammation as a key mediator between the TyG index and
NMIBC individuals’ prognosis.
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3.5 Subgroup analysis and interactions

An additional investigation was conducted into the correlation
between NMIBC prognosis and the TyG index through subgroup
analysis (Figure 5). This analysis revealed that RFS reached
statistical significance among the following subgroups: males, no
history of diabetes and hypertension, smoking experience, and Ta
pathology (Figure 5A). Similarly, PFS reached statistical significance
in the subgroups with no history of diabetes and hypertension,
males, age more than 70 years, no bladder neck involvement, and
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Kaplan-Meier analysis depends on the TyG index. Kaplan-Meier analysis with median TyG index as a cutoff point in terms of RFS (A) and PFS (B).

high-grade pathology (Figure 5B). No notable interaction emerged
between the two subgroups (total P values > 0.05).

4 Discussion

This single-center, real-world retrospective study is the pioneer
in exploring the role of systemic inflammation as a mediator
between the preoperative TyG index and NMIBC prognosis.
Systemic inflammatory markers, including CRP, IL-6, IL-8 and
CALLY index, were identified as key mediators between the TyG
index and NMIBC patients’ prognosis. Notably, IL-8 mediated
16.45% of the effect on RFS and 13.5% on PFS, highlighting the
significant impact of inflammation on patient outcomes. This study
demonstrates that a higher preoperative TyG index is associated
with worse outcomes, and underscores the critical role of systemic
inflammation as a mediator in NMIBC prognosis.

IR, a key component of MetS, is a key player in the progression
of malignant tumours (11, 12). The TyG index, a newly introduced
and easily measurable index, has shown superior predictive value.
Owing to its simplicity and effectiveness, the TyG index has
replaced traditional indices of IR and is regarded as an important
risk factor for several tumours (14, 15, 25). Several studies have
established this connection across different cancer types (12, 18).
For instance, as recognized by Tong Liu et al, there is a crucial
relationship between colorectal cancer and high TyG index levels
(26). Similarly, the TyG index has been found that it can
independently predict prostate cancer in patients after prostate
biopsy (25). Elevated TyG levels have been linked to a higher
likelihood of developing breast cancer (27). Further extending
these findings, recent research has underscored the TyG index as
a promising marker for assessing clinical progression in gastric,
renal, and prostate cancers (17, 19). The TyG index has been linked
to greater tumour aggressiveness and progression in renal cancer. In
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prostate cancer, hyperinsulinemia, a condition strongly associated
with the TyG index, has been identified as a contributor to the
increased incidence of the disease (18). The observed relationship
between elevated TyG index levels and poorer prognosis in NMIBC
reflects similar findings in other cancers, highlighting the potential
of the TyG index as a universal marker in tumour biology across
multiple malignancies. Additionally, some studies have revealed
that IR is more pervasive among BCa patients than among those
without (13). Giovanni Tarantino et al. found individuals with BCa
displayed significantly elevated serum TyG levels relative to
individuals without the condition (28). However, there is still a
research gap in the TyG index along with the endpoints of BCa
individuals. This presence of this gap underscores the need for a
comprehensive study aimed at elucidating the prognostic
significance of the TyG index among NMIBC populations.

Survival analysis revealed significantly higher recurrence and
disease progression rates in the high TyG group, with the cutoff
defined at the median value of 8.6. The TyG index, as a
representative biomarker closely linked to MetS (14-16), suggests
that NMIBC patients with MetS may have a worse prognosis. This
finding aligns with previous studies connecting MetS to poorer
cancer outcomes (9, 29). Furthermore, after adjusting for
confounding variables, this study observed a distinct inverted U-
shaped relationship between the TyG index and both RFS and PES
in NMIBC patients. This suggests a non-linear effect of the TyG
index on patient prognosis. Previous studies have similarly
demonstrated that the TyG index exhibits a non-linear
relationship with tumour development and prognosis in various
populations. For instance, Xueyan Wu et al. found a J-shaped
association between the TyG index and breast cancer incidence
and prognosis, providing further evidence of the non-linear role of
the TyG index in cancer prognosis (30).

The mechanisms linking the TyG index to BCa prognosis
remain unclear but are likely mediated by multiple interconnected
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Restricted cubic spline (RCS) curve for the association of TyG index with RFS and PFS after adjusting for all variables. (A) Association between TyG
index and RFS in NMIBC patients. (B) Association between TyG index and PFS in NMIBC patients.

TABLE 4 Threshold effect analysis of TyG index on recurrence-free
survival and progression-free survival.

Adjusted HR (95% CI)  P-value

RFS

Inflection point 9.186

TyG index < 9.186 3.37 (1.77 - 6.41) <0.001
TyG index > 9.186 1.71 (0.50 - 5.87) 0.39

P for Loglikelihood ratio 0.006

PFS

Inflection point 9.168

TyG index < 9.168 3.54 (1.65 - 7.58) 0.001

TyG index > 9.168 1.79 (0.38 - 8.52) 0.46

P for Loglikelihood ratio 0.005

Cox proportional hazard models were used to estimate HR and 95% CI. Adjusted for: Repeat
TURBT, Gender, Hypertension, Diabetes, Smoking, Prior recurrence status, Tumor number,
Pathology grade, T category, IVI times, Maximum tumour diameter, TC, HDL-C, Hb, Alb,
Platelet count, Neutrophil count, Lymphocyte count, Age and BMI.

pathways, including inflammation, oxidative stress, and
hyperinsulinemia (20, 31, 32). Among these, inflammation is
considered a key driver (31). MetS, often resulting from excess fat
accumulation, induces a pro-inflammatory state (33). Fat tissue
operates as an endocrine organ, releasing adipokines. In MetS, this
secretion is dysregulated, leading to an overproduction of pro-
inflammatory cytokines, like IL-18 and TNF-o. (34). This creates a
cycle of chronic inflammation, which may promote tumour
progression. Christina M. Vidal et al. confirmed that MetS is
closely associated with the senescence-associated secretory
phenotype (SASP), a process that generates inflammatory factors,
creates an inflammatory microenvironment, and accelerates
tumour angiogenesis, invasion, and metastasis (31). This suggests
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that the chronic inflammation linked to MetS could be a critical
factor connecting the TyG index to BCa outcomes. Furthermore,
free fatty acids (FFAs) can intensify inflammation by engaging Toll-
like receptor 4 (TLR-4), initiating downstream inflammatory
signaling pathways (35, 36). This process is essential, as research
has shown that higher TyG levels correlate with enhanced TLR-4
expression. TLR pathway activation may thus represent a key
mechanism through which the TyG index promotes inflammation
and poor BCa prognosis. Furthermore, Koenen et al. demonstrated
that elevated triglyceride and FFA levels in obese individuals induce
pyroptosis, a type of programmed cell death marked by the
enlargement and demise of adipocytes, which subsequently
produces reactive oxygen species (ROS) and activates the NLRP3
inflammasome (37). This process perpetuates IR and creates a cycle
of inflammation, thereby worsening metabolic dysregulation and
potentially contributing to poor BCa outcomes. Therefore, this
study conducted a mediation analysis to elucidate the key role of
systemic inflammation as a mediator between the TyG index and
RFS/PFS in NMIBC patients. By analyzing the mediatory effects of
CRP, IL-6, IL-8, and the CALLY index, it was shown that these
inflammatory mediators may be significant contributors to the poor
prognosis observed in NMIBC patients.

CRP, a well-established acute-phase reactant, increases during
inflammatory responses and plays a key role in modulating immune
functions (38, 39). In NMIBC, elevated CRP levels are thought to
worsen systemic inflammation, impair immune responses, and
contribute to tumour progression (39). IL-6, a cytokine that
regulates immune functions and promotes tumorigenesis, further
mediates this relationship by fostering a pro-inflammatory
environment that supports cancer cell growth and survival (39,
40). Similarly, IL-8, another pro-inflammatory cytokine, is
implicated in tumour angiogenesis, metastasis, and immune
evasion, all of which are associated with poorer clinical outcomes
in NMIBC (34, 41).Consequently, these inflammatory markers
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free survival; PFS, progression-free survival; CRP, C-reactive protein;.

highlight the critical role of systemic inflammation in associating
the TyG index with poor prognosis in NMIBC. This underscores
the substantial impact of inflammation on tumor progression and
patient survival.

MetS is a key driver of tumour initiation and progression, mediated
not only by inflammation but also by oxidative stress and hormonal
dysregulation. Oxidative stress, predominantly caused by lipid
peroxidation, elevates ROS levels, resulting in cellular and DNA
damage, promoting mutations, and accelerating cellular senescence
(37). These processes collectively contribute to tumour growth.
Additionally, IR, a hallmark of metabolic syndrome, leads to
hyperinsulinemia, which activates insulin-like growth factor-1 (IGF-1)
receptors and initiates downstream signalling cascades that promote cell
proliferation (42). Further compounding these effects, hyperglycemia
aggravates oxidative stress by impairing mitochondrial function,
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reducing DNA repair efficiency, and amplifying ROS production (43).
Collectively, these interconnected mechanisms, including oxidative
stress, hormonal dysregulation, and inflammation, synergistically
create a tumour-promoting microenvironment in NMIBC patients
with metabolic syndrome, accelerating disease progression.

Recent studies have also indicated that interventions targeting
inflammation and lipid metabolism could improve outcomes. For
example, statin therapy has been associated with significantly
enhanced survival outcomes in NMIBC patients receiving BCG
bladder instillation (44). An animal study by Belmiro Parada et al.
revealed that atorvastatin suppresses BCa progression in mice via its
anti-inflammatory and antioxidant effects (45). Although further
clinical evidence is needed, these findings suggest that targeting
abnormal lipid metabolism and inflammation could offer
therapeutic benefits for BCa patients.
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Worse better

Subgroup analysis and interaction analysis based on RFS (A) and PFS (B). BMI, body mass index.

The TyG index has demonstrated significant potential as a
biomarker for systemic MetS and inflammation in NMIBC. Unlike
other emerging biomarkers, such as the urobiome and circulating
tumour markers, the TyG index is distinctive in its ability to
concurrently reflect both metabolic disturbances and chronic
inflammation. This unique feature makes it a valuable tool in
clinical practice, particularly for large-scale screening. Studies,
such as those by Carmela Nardelli and colleagues, have identified
Porphyromonas somerae as a species associated with tumour
progression (46). Additionally, microbial dysbiosis has been
linked to a pro-inflammatory tumour microenvironment,
underscoring the potential role of urobiome analysis in early
cancer detection and prognosis. In contrast, circulating tumour
biomarkers offer dynamic monitoring of tumour load but are
limited by high costs and complex procedures, restricting their
widespread application (47). While the TyG index is easily
accessible and practical, it has limitations in providing localized
or real-time insights into tumour dynamics. Therefore, future
research should investigate integrating the TyG index with other
biomarkers, such as urobiome analysis, to develop more robust
predictive models that could improve the clinical management of
NMIBC and enhance early detection strategies.

This study has significant clinical implications for managing
NMIBC patients. Effective strategies such as low inflammation, low-
fat diets, weight management, and increased physical activity can
significantly reduce chronic inflammation. These interventions
assist in managing the TyG index and addressing the metabolic
imbalances linked to MetS. High-risk patients can then implement
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lifestyle modifications and adopt anti-inflammatory diets prior to
TURBT, followed by rigorous postoperative monitoring for
recurrence. For those unable to manage their metabolism through
diet alone, statin therapy may be considered to correct metabolic
abnormalities and enhance long-term outcomes.

This real-world study strengthens the reliability of its findings
through rigorous preoperative evaluations, treatment protocols, and
comprehensive prognostic assessments. The inclusion of extensive
clinical data and subgroup analyses provides valuable insights into
the prognosis of diverse patient populations, further supporting the
study’s conclusions. However, several limitations should be
acknowledged. First, the retrospective, single-center design
introduces potential selection bias. The limited geographic and
demographic diversity of the patient population reduces the
generalizability of the results. To enhance external validity, future
studies should incorporate diverse ethnic groups and adopt multi-
centre designs to broaden population representation. Second, while
the study identifies associations between the TyG index and RFS
and PFS, it does not address the impact of temporal changes in the
TyG index. Future research should explore these dynamic
variations and evaluate the TyG index as a dynamic predictor of
long-term outcomes. Additionally, patients who have addressed
metabolic abnormalities through medication may experience
changes in their TyG index, which could affect its predictive
accuracy. Future studies should consider these factors to ensure
the TyG index remains a reliable prognostic marker across various
treatment contexts. Third, although this study proposes the TyG
index as an independent prognostic factor, it was not directly
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compared with established NMIBC risk models such as the EORTC
risk tables due to the absence of certain key clinical variables in our
dataset. This limits the evaluation of its additive or comparative
predictive performance. Future research should aim to incorporate
these standard prognostic models to assess the complementary
value of the TyG index. Fourth, the prognostic findings have not
yet been validated in an external cohort. While the current study
provides important preliminary evidence, external validation using
multicenter and demographically heterogeneous datasets will be
essential to confirm the robustness and clinical applicability of the
results. Fifth, although we excluded patients with overt acute
infections or known inflammatory disorders, systemic
inflammatory markers such as CRP, IL-6, and IL-8 remain
nonspecific and may still be influenced by unmeasured
confounders. Future studies should include more comprehensive
clinical profiling or additional inflammatory biomarkers to reduce
residual confounding in mediation analysis. Sixth, while we
discussed the potential clinical implications of targeting systemic
inflammation, our study did not evaluate therapeutic interventions
directly. The proposed value of TyG-guided anti-inflammatory
strategies should therefore be considered exploratory, and further
prospective studies are required to determine whether such
approaches could improve NMIBC outcomes. Moreover, the high
proportion of male patients (83.91%) may result in the
underrepresentation of gender-specific biological factors like
hormonal variations and lifestyle differences, potentially skewing
the analysis of the TyG index’s relationship with NMIBC prognosis.
Previous research has indicated that tumour biology and treatment
responses in female NMIBC patients may differ from those in male
patients (48). Given the low proportion of female patients in this
study, the findings are likely to reflect the characteristics of the male
cohort more prominently, which limits the generalizability of the
results. Finally, further validation in larger, heterogeneous cohorts
and prospective studies is necessary to confirm the clinical utility of
the TyG index in routine practice.

5 Conclusion

This study demonstrates a strong association between the TyG
index and the prognosis of NMIBC patients, exhibiting an inverted
U-shaped relationship. It underscores the importance of
maintaining the preoperative TyG index within an optimal range
to effectively manage high-grade recurrence and disease progression
in NMIBC. Additionally, the study highlights the role of TyG as a
significant mediator of chronic systemic inflammation, suggesting
its potential as a therapeutic target for intervention.
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