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Background: This study aimed to explore the relationship between the 
triglyceride glucose (TyG) index, triglyceride glucose-body mass index (TyG-
BMI), and triglyceride-to-high-density lipoprotein cholesterol ratio (TG/HDL-C) 
of locally advanced nasopharyngeal carcinoma (LA-NPC) and progression-free 
survival (PFS) to investigate their potential as prognostic indicators.
Methods: This research involved a retrospective analysis of data pertaining to 
patients with LA-NPC from the Guangxi Medical University Cancer Hospital. 
The analysis categorized patients into a progression group and a control group 
according to their disease control status. The correlation of three indicators 
with PFS was established utilizing the Cox proportional hazards model, Kaplan–
Meier (K-M) analysis, and restricted cubic spline (RCS) analysis. Three predictive 
models were developed based on the three indicators, and their predictive 
ability was assessed.
Results: TyG, TyG-BMI, and TG/HDL-C are independent predictors of PFS in 
LA-NPC patients, and all exhibit a non-linear relationship. Patients in the high 
TyG, TyG-BMI, and TG/HDL-C groups have significantly lower PFS compared to 
those in the low groups, and this effect persists after adjusting for confounding 
factors. A multivariate analysis confirmed that lactate dehydrogenase (LDH) and 
EBV_DNA are also independent prognostic factors for PFS. The models that 
utilize these indicators outperform traditional tumor node metastasis (TNM) 
staging, with the TyG-based model demonstrating the strongest predictive 
ability for PFS.
Conclusion: TyG, TyG-BMI, and TG/HDL-C are potential prognostic biomarkers 
for the evaluation of PFS in individuals diagnosed with LA-NPC. Our research 
underscores the potential of these three indices to be  utilized to enhance 
prognostic assessment and customize treatment strategies in the management 
of LA-NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) is a neoplastic malignancy 
located in the head-and-neck region, with a prevalence that is 
particularly notable in Southeast Asia, ranking 23rd in global cancer 
incidence (1). Similar to many other cancers, the early symptoms of 
NPC are often subtle, and the vast majority of patients are diagnosed 
at a locally advanced stage (2). Despite continuous improvements in 
radiotherapy techniques, approximately 30–40% of individuals 
diagnosed with locally advanced NPC (LA-NPC) experience local 
recurrence or metastasis after receiving radical treatment, and the 
survival prognosis for these patients is not satisfactory (3). The TNM 
system can reflect the anatomical extent of the patient’s lesions, but it 
does not capture all of the information about the tumor 
microenvironment in NPC. The recently proposed ecological theory 
of NPC suggests that it is essential to thoroughly evaluate a range of 
patient-specific factors that could influence NPC, encompassing their 
lipid metabolic profiles and nutritional status, to achieve a 
comprehensive and personalized prognostic assessment for patients 
with LA-NPC (4).

Insulin resistance (IR) is acknowledged as a significant risk factor 
for various metabolic disorders and cardiovascular diseases (5). 
Epidemiological research has demonstrated that factors linked to IR 
are associated with an elevated risk of cancer and a negative prognosis 
for cancer outcomes (6). Preclinical research evidence has found that 
some drugs that reduce IR also possess antitumor activity, which has 
the potential to impede the invasion and migration of NPC cells, 
thereby suppressing the progression of NPC (7). The hyperinsulinemic-
euglycemic clamp technique is considered the definitive standard for 
the diagnosis of IR. However, its lengthy duration, the need for 
frequent blood draws, and high cost limit its application in clinical and 
epidemiological studies. In contrast, the fasting triglyceride glucose 
(TyG) index is inexpensive and easily accessible, and it has been 
widely used in clinical practice. It can serve as a comprehensive 
indicator of the levels of carbohydrate metabolism and lipid 
metabolism (8). Additionally, the combined markers of TyG and body 
mass index (BMI), namely the TyG-BMI index and the triglyceride-
to-high-density lipoprotein cholesterol (TG/HDL-C) ratio, are also 
simple, effective, and clinically useful alternative markers for 
identifying the metabolic level and nutritional status (9, 10). Some 
studies have indicated that these indicators have predictive value for 
the occurrence and prognosis of malignant tumors (11, 12). To date, 
there exists a lack of scholarly investigation regarding the relationship 
between TyG, TyG-BMI, TG/HDL-C, and the prognosis of 
NPC. Therefore, this research aimed to investigate the influence of 
pre-treatment metabolic indicators on the prognosis of patients 
diagnosed with LA-NPC, providing insights for clinical prognosis 
prediction in such patients.

Materials and methods

Patient screening

This investigation is retrospective in nature and involves the 
collection of data from a cohort of 761 patients diagnosed with 
LA-NPC at Guangxi Medical University Cancer Hospital between 
January 2015 and June 2021. The inclusion criteria for patients were 

as follows: (1) clear diagnosis of NPC through histopathological 
examination; (2) staging according to the eighth edition of the 
American Joint Committee on Cancer (AJCC) as T3-4N0-1M0 or 
T1-4N2-3M0; (3) Eastern Cooperative Oncology Group (ECOG) 
score of 0–1; and (4) age between 18 and 70 years. The exclusion 
criteria for patients were as follows: (1) presence of other cancers; (2) 
incomplete follow-up information; and (3) missing key pre-treatment 
laboratory indicators such as triglyceride (TG) and fasting blood 
glucose (FBG).

Data collection

We collected pre-treatment laboratory test results for all patients, 
including WBC, hemoglobin (HB), platelet (PLT), neutrophilic 
granulocyte (NE), total cholesterol (TC), TG, HDL, low-density 
lipoprotein (LDL), FBG, and EBV-DNA copy number. Population 
variable characteristics included patients’ height, weight, history of 
smoking and alcohol, history of cardiovascular diseases, diabetes, and 
hypertriglyceridemia. Treatment-related data included the methods 
received by patients and the specific details of each treatment plan 
administered. Additionally, we obtained each patient’s disease control 
and survival status from the case follow-up system. Progression-free 
survival (PFS) was defined as the duration from the point of diagnosis 
to the initial indication of disease progression or mortality. The cutoff 
date for follow-up in this study was 30 June 2024. Medical records of 
all cases were anonymized and de-identified before analysis. This 
study has been approved by the Ethics Committee of Guangxi Medical 
University Cancer Hospital (protocol code KY2024883) and strictly 
complied with the Helsinki Declaration. The Ethics Committee of 
Guangxi Medical University Cancer Hospital agreed to exempt 
patients from signing informed consent.

Definition and calculation of indicators

	

( ) ( )
( ) ( )2

TYG index ln fasting TG FBG /2 mmol / L ;BMI

weight KG height M ;TYG BMI index TYG BMI.∗

 = × 
= ÷ − =

Statistical analysis

Continuous variables were analyzed using the Mann–Whitney 
U-test, and the results were recorded as the median within the 
interquartile range. Categorical variables were analyzed using the 
chi-square test or Fisher’s exact test and recorded as percentages (%). 
The relationship between the TyG index, TyG-BMI, and TG/HDL-C 
ratio with PFS was determined using the Kaplan–Meier (K-M) curves 
and the Cox proportional hazards models. Additionally, the variance 
inflation factor (VIF) was used to test for multicollinearity, with a VIF 
of <5 indicating no multicollinearity among variables, ensuring the 
independence of variables in the study. Restricted cubic spline (RCS) 
was used to further explore the dose–response relationship between 
the three indices and PFS. Finally, we constructed three risk prediction 
models based on the aforementioned three indices, validating the 
accuracy of the models using calibration curves; the receiver operating 
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characteristic (ROC) curve analysis was performed to compare the 
predictive ability, sensitivity, and specificity of the three models for 
patient PFS. Decision curve analysis (DCA) was used to evaluate the 
clinical net benefit of the models. A p-value of < 0.05 was considered 
statistically significant. All statistical analyses were performed using 
SPSS (version 25.0) and R (version 4.3.1) software.

Results

Patients

A total of 761 patients were evaluated using the electronic medical 
record system, excluding 212 patients without complete follow-up 
information and 174 patients with missing pre-treatment laboratory 
test results. Ultimately, we  included 375 patients with LA-NPC 
(Figure 1).

Among the 375 patients, 271 (72.3%) were men, with a median 
age of 46 years and a median follow-up duration of 59.3 months. 
As of 30 June 2024, 140 patients experienced disease progression 
or death, while the remaining 235 patients had stable disease. All 
patients received chemotherapy and radiotherapy, with only two 
patients undergoing induction chemotherapy (IC) combined with 
radiotherapy, while the remaining patients received IC combined 
with concurrent chemoradiotherapy (CCRT). All radiotherapy 
methods used intensity-modulated radiation therapy (IMRT), 
with a radiation dose of gross tumor volume (GTV): 
68–74 Gy/30–34 fractions. Statistically significant variations were 
observed in the expression levels of LDH, TG, HDL, TYG, 

TYG-BMI, TG/HDL-C, and EBV-DNA, as well as clinical staging 
between the two groups of patients, while no statistical differences 
were found in other variables (Table 1).

TyG, TyG-BMI, and TG/HDL-C and their 
prognosis in LA-NPC

The univariate Cox analysis indicated that TyG (HR = 2.70, 
95% CI: 2.02–3.61), TyG-BMI (HR = 1.02, 95% CI: 1.01–1.02), 
and TG/HDL-C (HR = 1.33, 95% CI: 1.20–1.47) were risk factors 
for patients’ PFS. In addition, pre-treatment LDH (HR = 1.00, 
95% CI: 1.00–1.01), EBV-DNA (HR = 2.26, 95% CI: 1.62–3.16), 
and cTNM staging (HR = 1.85, 95% CI: 1.25–2.74) were also 
associated with poorer PFS in patients. We  performed a 
collinearity analysis of TyG, TyG-BMI, and TG/HDL-C together 
with LDH, EBV-DNA, and cTNM staging, and the VIF values 
were all less than 5, indicating that there was no collinearity 
between TyG, TyG-BMI, and TG/HDL-C in relation to LDH, 
EBV-DNA, and cTNM (Figure 2).

In addition, we  established three Cox proportional hazards 
models for TyG, TyG-BMI, and TG/HDL-C, respectively. The test 
results of the patients for the aforementioned indicators were 
arranged in ascending order and divided into three equal parts, 
categorized as low, medium, and high groups. Model 1 was not 
adjusted for any variables. Model 2 was a partially adjusted model 
that accounted for sex, age, ECOG performance status, smoking, 
alcohol, cardiovascular disease, diabetes, hypertriglyceridemia, 
chemotherapy regimen, immunotherapy, and targeted therapy. 

FIGURE 1

Flowchart of patient inclusion.
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TABLE 1  Patient demographics and baseline characteristics.

Characteristics Disease status p-value

Overall, N = 375 Controlled, N = 235 Progressive, N = 140

Sex1 0.7803

 � Female 104 (27.7%) 64 (27.2%) 40 (28.6%)

 � Male 271 (72.3%) 171 (72.8%) 100 (71.4%)

Age1 46 (39, 53) 43 (38, 53) 49 (40, 53) 0.0524

ECOG1 0.2383

 � 0 273 (72.8%) 176 (74.9%) 97 (69.3%)

 � 1 102 (27.2%) 59 (25.1%) 43 (30.7%)

Smoking1 0.2273

 � No 250 (66.7%) 162 (68.9%) 88 (62.9%)

 � Yes 125 (33.3%) 73 (31.1%) 52 (37.1%)

Alcohol1 0.7673

 � No 278 (74.1%) 173 (73.6%) 105 (75.0%)

 � Yes 97 (25.9%) 62 (26.4%) 35 (25.0%)

Cardiovascular disease1 0.5302

 � No 347 (92.5%) 219 (93.2%) 128 (91.4%)

 � Yes 28 (7.5%) 16 (6.8%) 12 (8.6%)

Diabetes1 0.3765

 � No 363 (96.8%) 229 (97.4%) 134 (95.7%)

 � Yes 12 (3.2%) 6 (2.6%) 6 (4.3%)

Hypertriglyceridemia1

 � No 344 (91.7%) 217 (92.3%) 127 (90.7%) 0.580

 � Yes 31 (8.3%) 18 (7.7%) 13 (9.3%)

IC regimen1 0.9143

 � GP 146 (38.9%) 91 (38.7%) 55 (39.3%)

 � TPF 229 (61.1%) 144 (61.3%) 85 (60.7%)

CCRT1 0.5315

 � No 2 (0.5%) 2 (0.9%) 0 (0.0%)

 � Yes 373 (99.5%) 233 (99.1%) 140 (100.0%)

AC1 >0.9995

 � No 363 (96.8%) 227 (96.6%) 136 (97.1%)

 � Yes 12 (3.2%) 8 (3.4%) 4 (2.9%)

Immunotherapy1 0.7535

 � No 364 (97.1%) 227 (96.6%) 137 (97.9%)

 � Yes 11 (2.9%) 8 (3.4%) 3 (2.1%)

Targeted therapy1 0.1403

 � No 270 (72.0%) 163 (69.4%) 107 (76.4%)

 � Yes 105 (28.0%) 72 (30.6%) 33 (23.6%)

LDH2 (U/L) 180 (158, 222) 175 (152, 201) 201 (168, 260) <0.0014

ALB2 (g/L) 39.2 (37.1, 41.3) 39.3 (37.1, 41.4) 39.0 (37.1, 41.1) 0.6004

TC2 (mmol/L) 4.82 (4.32, 5.44) 4.82 (4.35, 5.42) 4.81 (4.27, 5.52) 0.7604

TG2 (mmol/L) 1.29 (0.99, 1.71) 1.13 (0.85, 1.56) 1.53 (1.22, 1.90) <0.0014

HDL2 (mmol/L) 1.14 (1.01, 1.32) 1.15 (1.04, 1.33) 1.10 (0.98, 1.31) 0.0104

LDL2 (mmol/L) 3.19 (2.69, 3.72) 3.19 (2.68, 3.65) 3.17 (2.73, 3.78) 0.3544

(Continued)
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Model 3 was a comprehensively adjusted model that accounted for 
variables such as sex, age, ECOG performance status, smoking, 
alcohol, cardiovascular disease, diabetes, hypertriglyceridemia, 
chemotherapy regimen, immunotherapy, targeted therapy, LDH, 
ALB, LDL, EBV_DNA, T_stage, and N_stage. The findings 
indicated that, in the unadjusted model, the partially adjusted 
model, and the fully adjusted model, TyG, TyG-BMI, and TG/
HDL-CI remained prognostic factors for patients’ PFS, whether 
analyzed as continuous variables or categorical variables (Table 2). 
The PFS K-M curves of TyG, TyG-BMI, and TG/HDL-C tertiles 
show that the PFS of patients decreases with an increase in TyG 
(p < 0.001), TyG-BMI (p < 0.001), and TG/HDL-C (p < 0.001) 
(Figure 3).

A more in-depth examination of the linear correlation 
between the three aforementioned variables and PFS is warranted. 
In the complete model, the RCS curve results show that TyG 
(p < 0.001, P-non-linear = 0.001), TyG-BMI (p < 0.001, P-non-
linear = 0.001), and TG/HDL-C (p < 0.001, P-non-linear = 0.001) 
exhibit a non-linear relationship with patients’ PFS, with the 

corresponding inflection points being 6.95, 160, and 1.30, 
respectively (Figure 4).

Model based on TyG, TyG-BMI, and TG/
HDL-C

We developed three nomograms to predict patient prognosis based 
on TyG (Figure 5A), TyG-BMI (Figure 5B), and TG/HDL-C (Figure 5C). 
The nomograms also included pre-treatment LDH, EBV_DNA, T_
stage, and N_stage of the patients. The calibration curves indicated that 
the three nomograms are accurate (Figure 5D). The ROC curves show 
that the area under the curve (AUC) of the three models is 0.795, 0.763, 
and 0.775, respectively, all of which are superior to the TNM staging, 
with the TyG-based model having the highest AUC (Figure 5E). The 
DCA demonstrate that the clinical net benefit of the TyG-based model 
surpasses that of the TyG-BMI and TG/HDL-C-based models; however, 
all three models yield a net benefit exceeding that of the TNM staging 
system when considered in isolation (Figure 5F).

TABLE 1  (Continued)

Characteristics Disease status p-value

Overall, N = 375 Controlled, N = 235 Progressive, N = 140

FBG2 (mmol/L) 4.61 (4.28, 5.05) 4.59 (4.24, 4.94) 4.68 (4.30, 5.27) 0.0794

WBC2 (10*9/L) 6.92 (5.80, 8.08) 6.93 (5.77, 8.07) 6.92 (5.84, 8.09) 0.6824

HB2 (g/L) 137 (127, 147) 139 (127, 148) 136 (127, 144) 0.1044

PLT2 (10*9/L) 266 (231, 315) 266 (231, 310) 266 (233, 325) 0.3784

NE2 (10*9/L) 4.17 (3.40, 5.25) 4.16 (3.40, 5.26) 4.19 (3.42, 5.15) 0.7054

BMI2 (kg/m2) 22.99 (21.26, 24.68) 22.86 (21.07, 24.61) 23.05 (21.72, 25.10) 0.1494

TyG2 6.86 (6.61, 7.20) 6.72 (6.44, 7.09) 7.05 (6.85, 7.32) <0.0014

TyG_BMI2 157 (142, 176) 150 (139, 171) 164 (151, 180) <0.0014

TG/HDL_C2 1.10 (0.83, 1.54) 0.98 (0.72, 1.38) 1.35 (1.05, 1.74) <0.0014

EBV_DNA1 (copy/mL) <0.0013

 � <1,000 250 (66.7%) 179 (76.2%) 71 (50.7%)

 � ≥1,000 125 (33.3%) 56 (23.8%) 69 (49.3%)

T_stage1 0.5803

 � 1 19 (5.1%) 13 (5.5%) 6 (4.3%)

 � 2 85 (22.7%) 57 (24.3%) 28 (20.0%)

 � 3 141 (37.6%) 89 (37.9%) 52 (37.1%)

 � 4 130 (34.7%) 76 (32.3%) 54 (38.6%)

N_stage1 0.1695

 � 0 6 (1.6%) 5 (2.1%) 1 (0.7%)

 � 1 89 (23.7%) 62 (26.4%) 27 (19.3%)

 � 2 142 (37.9%) 90 (38.3%) 52 (37.1%)

 � 3 138 (36.8%) 78 (33.2%) 60 (42.9%)

cTNM1 0.0013

 � III 124 (33.1%) 92 (39.1%) 32 (22.9%)

 � IVA 251 (66.9%) 143 (60.9%) 108 (77.1%)

1n (%); 2median (IQR); 3Pearson’s chi-square test; 4Wilcoxon rank-sum test; 5Fisher’s exact test. IC, induction chemotherapy; CCRT, concurrent chemoradiotherapy; AC, adjuvant 
chemotherapy; LDH, lactate dehydrogenase; ALB, albumin; TC, total Cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; FBG, fasting blood glucose; 
WBC, leukocyte; HB, hemoglobin; PLT, platelet; NE, neutrophilic granulocyte; BMI, body mass index; TyG, triglyceride glucose index; TyG-BMI, triglyceride glucose body mass index; TG/
HDL-C, triglyceride-to-high-density lipoprotein cholesterol ratio. Bold values indicate statistical significance.

https://doi.org/10.3389/fnut.2025.1657646
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Xiao et al.� 10.3389/fnut.2025.1657646

Frontiers in Nutrition 06 frontiersin.org

Discussion

To the best of our knowledge, this research represents the 
inaugural examination of the relationship between the TyG, 
TyG-BMI, and TG/HDL-C ratio with the prognosis of 
LA-NPC. We  found that higher pre-treatment levels of TyG, 
TyG-BMI, and TG/HDL-C ratio were linked to a reduced PFS in 
patients, and this relationship remained statistically significant 
even after controlling for potential confounding variables. 
Additionally, the TyG index demonstrated a certain advantage in 
predicting patients’ PFS in relation to the TyG-BMI and TG/
HDL-C ratios.

Abnormal lipid metabolism is typically characterized by 
decreased TC, TG, and HDL-C (13). A substantial body of research 
evidence indicates that the accumulation of TG is correlated with 
the occurrence and mortality rates of multiple types of cancer (14, 

15). Previous studies have reported that reduced levels of HDL-C 
are associated with a heightened risk of developing breast cancer 
in postmenopausal women (16). Furthermore, abnormalities in 
lipid metabolism are closely related to cancer prognosis. Huang 
et al. found that elevated TG levels and reduced HDL-C levels are 
correlated with unfavorable PFS and overall survival (OS) in 
non-metastatic NPC patients (17). Xie et  al. suggested that 
triglycerides may serve as potential risk factors for the occurrence 
of eye metastases in male patients diagnosed with NPC (18). Other 
scholars have also found that elevated levels of HDL-C have been 
associated with a worse prognosis in patients diagnosed with 
non-small cell lung cancer (NSCLC) (19). In our research, 
we  observed that TG levels in patients experiencing recurrent 
metastasis were elevated compared to those in patients with stable 
disease, and TG is also a prognostic factor affecting the patients’ 
PFS, which is consistent with previous research findings. Lipids 
constitute one of the three primary macronutrients. Under 
conditions of hypoxia and nutrient deficiency, tumor cells typically 
rely on lipids as a primary source for energy storage, cell membrane 
construction, and signaling molecules. Consequently, lipid 
metabolism in neoplastic cells represents a prevalent and 
significant metabolic characteristic associated with tumor 
development and progression. The lipid metabolism of tumor cells 
undergoes abnormal changes during tumor initiation, invasion, 
and metastasis, including abnormal metabolic changes of lipids 
such as fatty acids and cholesterol, which may lead to systemic 
changes in blood lipids. These changes often indicate disease 
progression and poor prognosis (20). The TG/HDL-C ratio is also 
a derived indicator based on lipid levels. Prior research has 
demonstrated that elevated levels of TG/HDL-C serve as an 
independent prognostic indicator for OS in triple-negative breast 
cancer (HR: 1.935; 95% CI: 1.032–3.629) (21). A separate 
retrospective study indicated that patients with NSCLC who 
exhibited low TG/HDL-C ratios experienced an extended OS (22). 
This finding is consistent with the results we observed regarding 
the prognosis of LA-NPC patients. In contrast to a singular 
indicator, the TG/HDL-C ratio provides a more comprehensive 
representation of the lipid metabolism status in patients and 
warrants greater consideration in clinical practice.

Diabetes and elevated FBG have been associated with various 
cancers (23). The association between elevated FBG levels and 
cancer prognosis has been a topic of considerable debate. Luo et al. 
discovered that NSCLC patients exhibiting elevated FBG levels had 
a 69% higher risk of all-cause mortality compared with those with 
normal FBG levels (24). Previous research has indicated that 
women exhibiting elevated FBG levels experience a greater 
mortality rate from breast cancer compared to those with normal 
FBG levels (HR = 2.6, 95% CI: 1.2–5.7) (25). Nonetheless, a 
retrospective investigation carried out by Zhang et al. revealed no 
substantial association between preoperative FBG levels and OS in 
patients diagnosed with pancreatic cancer (HR = 1.04, 95% CI: 
0.78–1.40) (26). A large cohort study found that no direct 
correlation exists between diabetes, prediabetes, and the survival 
outcomes of patients diagnosed with NPC (27). In our research, 
FBG levels in the LA-NPC group exhibiting progression were 
marginally elevated compared to those in the non-progression 
group; however, this observed difference did not achieve statistical 
significance (p = 0.079). Simultaneously, we  did not find an 

FIGURE 2

The univariate Cox regression analysis of all variables related to 
progression-free survival.
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association between elevated FBG and patient prognosis. However, 
it is undeniable that the promoting effect of elevated blood glucose 
on cancer has been confirmed by many studies. Increased FBG can 
promote the epithelial–mesenchymal transition (EMT) process, 
thereby facilitating tumor invasion and metastasis. This facilitative 
effect can be accomplished through a range of mechanisms, which 
include the upregulation of N-cadherin expression and the 
enhancement of transcription levels of Snail and ZEB1 (28). In 
addition, hyperglycemia has the potential to enhance cellular 
proliferation and suppress apoptosis through the activation of the 
NF-κB signaling pathway, while also accelerating cancer 

progression through promoting angiogenesis (29). It has the 
capacity to enhance the expression of vascular endothelial growth 
factor (VEGF) and promote the activation of the VEGF—VEGF 
receptor-2 (VEGFR2) pathway to facilitate the generation of blood 
vessels to meet the needs of continuously proliferating tumor cells 
(30). FBG levels should be  an indispensable factor in tumor 
prognosis assessment.

TyG, as a comprehensive indicator that combines lipid 
metabolism and glucose metabolism levels, has been confirmed to 
have a predictive value for cancer risk and act as a supplementary 
measure of insulin resistance. A meta-analysis showed that a 

TABLE 2  Association between TyG, TyG_BMI, and TG/HDL_C and PFS (Cox regression).

Characteristics Model 1 Model 2 Model 3

HR1 95% CI1 p-value HR1 95% CI1 p-value HR1 95% CI1 p-value

TyG (continuous) 2.70 2.02, 3.61 <0.001 3.69 2.18, 6.26 <0.001 3.42 2.43, 4.81 <0.001

TyG

 � L (<6.69) – – – – – –

 � M (≥6.69, <7.08) 4.40 2.56, 7.57 <0.001 3.94 2.25, 6.89 <0.001 4.17 2.37, 7.34 <0.001

 � H (≥7.08) 5.05 2.96, 8.62 <0.001 3.85 2.03, 7.31 <0.001 5.65 3.22, 9.91 <0.001

 � P for trend <0.001 <0.001 <0.001

TyG_BMI (continuous) 1.02 1.01, 1.02 <0.001 1.02 1.01, 1.03 <0.001 1.02 1.02, 1.03 <0.001

TyG_BMI

 � L (<147) – – – – – –

 � M (≥147, <169) 3.34 2.04, 5.46 <0.001 3.40 2.06, 5.61 <0.001 3.70 2.21, 6.20 <0.001

 � H (≥169) 3.35 2.05, 5.47 <0.001 3.77 2.26, 6.29 <0.001 4.00 2.38, 6.73 <0.001

 � P for trend <0.001 <0.001 <0.001

TG/HDL_C (continuous) 1.33 1.20, 1.47 <0.001 1.36 1.21, 1.52 <0.001 1.46 1.29, 1.65 <0.001

TG/HDL_C

 � L (<0.93) – – – – – –

 � M (≥0.93, <1.37) 4.00 2.37, 6.75 <0.001 4.01 2.36, 6.82 <0.001 4.26 2.47, 7.32 <0.001

 � H (≥1.37) 4.82 2.88, 8.06 <0.001 4.89 2.88, 8.30 <0.001 5.42 3.15, 9.32 <0.001

 � P for trend <0.001 <0.001 <0.001

1HR, hazard ratio; CI, confidence interval. Model 1: non-adjusted. Model 2: adjusted for sex, age, ECOG, smoking, alcohol, cardiovascular disease, diabetes, hypertriglyceridemia, 
chemotherapy regimen, immunotherapy, and targeted therapy. Model 3: adjusted for sex, age, ECOG, smoking, alcohol, cardiovascular disease, diabetes, hypertriglyceridemia, chemotherapy 
regimen, immunotherapy, targe.ted therapy, LDH, ALB, LDL, EBV_DNA, T_stage, and N_stage.

FIGURE 3

The Kaplan–Meier survival analysis of progression-free survival (A) TyG; (B) TyG-BMI; and (C) TG/HDL-C.
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higher TyG index may elevate the likelihood of developing cancer 
(total effect size = 1.14, 95% CI: 1.08, 1.20) (31). Research by Song 
et al. indicated that TyG levels are significantly elevated in the early 
stages of pancreatic ductal adenocarcinoma (PDAC) (32). Our 
research first found that high TyG is indicative of poor prognosis 
in LA-NPC patients. Based on the current state of research, many 
TyG-related indicators have been derived. TyG-BMI is a novel 
indicator that combines TyG and BMI, which better reflects the 
nutritional status and overall metabolic level of patients. A large 
study involving 4,583 participants indicated that an increase in 
TyG-BMI is independently correlated with the risk of stroke 
among middle-aged and elderly populations in China (33). 
Furthermore, an increase in the TyG-BMI index has demonstrated 
significant utility in the evaluation of the risk and prognosis of 

NSCLC (34, 35). An elevation in BMI is correlated with the 
occurrence of multiple types of cancer and is linked to unfavorable 
prognostic outcomes (36, 37). We also observed poor prognosis in 
patients with high TyG-BMI in our study. However, it is essential 
to acknowledge that, within our predictive model, we found that 
the model based on TyG-BMI had a lower predictive ability than 
the model based on TyG alone. Low BMI is often associated with 
malnutrition and cachexia (38), while patients with an appropriate 
increase in BMI are better able to tolerate anti-tumor treatment, 
which may counteract some of the risks associated with high BMI.

The most important clinical significance of this study lies in 
its potential translational value. Pre-treatment TyG, TyG-BMI, 
and TG/HDL-C, as easily accessible metabolic indicators, can 
provide an effective risk stratification tool for patients with 

FIGURE 4

The restricted cubic spline regression analysis of progression-free survival in patients (A) TyG; (B) TyG-BMI; and (C) TG/HDL-C.

FIGURE 5

Prediction models for patients’ progression-free survival; (A) model based on TyG; (B) model based on TyG-BMI; (C) model based on TG/HDL-C; 
(D) calibration curve; (E) receiver operating characteristic curve; and (F) decision curve analysis curve.
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LA-NPC. First, in terms of follow-up strategies, for high-risk 
patients with elevated levels of these indicators, more intensive 
follow-up plans could be  considered, such as shortening the 
intervals between imaging examinations or more frequent 
monitoring of EBV_DNA, to enable early detection and 
intervention for disease progression or recurrence. Second, in 
terms of treatment strategies, these findings provide a basis for 
exploring personalized adjuvant therapies in the future. Given 
the potential biological link between insulin resistance and tumor 
progression, it is worth investigating the feasibility of adding 
insulin sensitizers (such as metformin) or adjusting the intensity 
of adjuvant chemotherapy for high-risk patients on top of 
standard treatment. Finally, in patient management, these 
indicators can serve as warning signals for lifestyle interventions. 
Clinicians can use them to provide enhanced dietary and exercise 
guidance to patients with metabolic abnormalities, which may 
not only improve cancer prognosis but also benefit the patients’ 
long-term overall health.

This study is subject to certain limitations. First, it is a 
retrospective analysis conducted at a single center. Notably, 212 
patients were excluded due to missing follow-up information, 
which may significantly impact the reliability and generalizability 
of the study results. This reduction in sample size can decrease 
statistical power, potentially making it unable to detect true 
clinical differences. Although it is difficult to completely avoid 
the issue of missing data in retrospective studies, future research 
should aim to reduce bias by strengthening follow-up 
management and employing sensitivity analyses. Second, a 
potential limitation of this study is that we  only analyzed the 
baseline levels of metabolic biomarkers. Since the concentrations 
of these molecules may change over time, our approach did not 
capture their dynamic fluctuations. This may affect the accuracy 
of our assessment of the associations between these biomarkers 
and clinical outcomes. Future studies involving longitudinal 
repeated measurements to monitor changes in these metabolites 
will help to more comprehensively reveal their 
clinical significance.

Conclusion

The research identified a notable correlation between the 
pre-treatment TyG, TyG-BMI, and TG/HDL-C with the PFS of 
LA-NPC patients and, based on this correlation, three models were 
established, with the TyG-based model outperforming the other two. 
Our investigation underscores the promise of these three indicators in 
enhancing prognostic evaluations and tailoring treatment strategies 
for locally advanced LA-NPC. Further research is necessary to validate 
these findings and to investigate the underlying mechanisms related 
to the prognosis of NPC.
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Glossary

EMT - Epithelial-mesenchymal transition

K-M - Kaplan–Meier

LA-NPC - Locally advanced NPC

LDH - Lactate dehydrogenase

LDL - Low-density lipoprotein

NE - Neutrophilic granulocyte

NPC - Nasopharyngeal carcinoma

NSCLC - Non-small cell lung cancer

OS - Overall survival

PFS - Progression-free survival

PLT - Platelet

RCS - Restricted cubic spline

ROC - Receiver operating characteristic

TC - Total cholesterol

TG - Triglyceride

TyG - Triglyceride glucose

TyG-BMI - Triglyceride glucose-body mass index

TG/HDL-C - Triglyceride-to-high-density lipoprotein 
cholesterol ratio

VEGF - Vascular endothelial growth factor

VEGFR2 - VEGF-VEGF receptor-2

VIF - Variance inflation factor

WBC - Leukocyte
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