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Aim: This cross-sectional study investigated the relationship between the

triglyceride-glucose (TyG: A surrogate marker for assessing insulin resistance.)

index and hyperuricemia (HUA: Metabolic diseases caused by purine metabolism

disorders.) risk in Chinese patients with type 2 diabetes mellitus (T2DM).

Methods: From January 2021 to December 2023, T2DM patients were enrolled

from Luhe District People’s Hospital in Nanjing. Participants were stratified by

TyG index quartiles. Logistic regression and restricted cubic spline (RCS) analyses

assessed the TyG-HUA association.

Results: This study included 996 participants with type 2 diabetes, with a male

predominance of 54.82%, a mean age of 60.39 years, and a median TyG index of

7.63. Compared to the lowest TyG quartile, the highest quartile exhibited a 4.23-

fold (95% CI: 1.46 ~ 12.24, P value = 0.008) increased HUA risk. Restricted cubic

spline analysis revealed a nonlinear relationship between the TyG index and HUA

(nonlinear P value = 0.044). As the TyG level increased, the risk of HUA initially

rose and then showed a downward trend (P for TyG = 0.008).

Conclusions: Elevated TyG index independently predicts HUA risk in T2DM

patients. Early metabolic intervention may mitigate HUA-related cardiovascular

morbidity and mortality.
KEYWORDS

TyG index, hyperuricemia, type 2 diabetes mellitus, statistical analysis, RCS
Introduction

Hyperuricemia (HUA) is a prevalent metabolic disorder worldwide, recognized as the

“fourth major metabolic abnormality” alongside hypertension, hyperglycemia, and

hyperlipidemia (1, 2). Its comorbidity with type 2 diabetes mellitus (T2DM) is particularly

pronounced, with a 19% HUA prevalence among T2DM patients, driven by shared
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pathophysiological mechanisms including insulin resistance (IR),

obesity, and dyslipidemia (3–5).

The triglyceride-glucose (TyG) index, calculated as ln[fasting

triglycerides (TG, mg/dL) × fasting blood glucose (FBG, mg/dL)/2],

is a validated surrogate marker of IR and systemic metabolic

dysregulation (6, 7). In T2DM populations, elevated TyG index not

only predicts diabetic nephropathy risk but also correlates with

aberrant uric acid metabolism (8, 9). Mechanistically (10, 11), TyG-

reflected IR promotes hepatic purine metabolism (increasing uric

acid production) and inhibits renal tubular uric acid excretion,

leading to serum uric acid accumulation (12–14). Clinical evidence

confirms a strong positive correlation between TyG index and serum

uric acid levels (15, 16).For example: Luo Y et al. found a positive

correlation between the TyG index and SUA levels in non-obese

individuals with type 2 diabetes. Additionally, TyG may outperform

HOMA-IR in predicting HUA in this population (17). Among

patients with non-alcoholic fatty liver disease (NAFLD), every 0.1-

unit increase in TyG corresponded to a 1.53-unit elevation in SUA

levels. Further, the TyG index was identified as an independent risk

factor for HUA development in NAFLD patients. As a readily

available metric, TyG can help identify high-risk individuals for

NAFLD progression, potentially reducing the incidence of HUA

and related complications (18). In a study of a physical

examination cohort in Xinjiang, China, TyG index demonstrated

stronger correlation with HUA than nine obesity indices and showed

superior performance over these indices in detecting HUA (19).

Thus, the TyG-HUA association in T2DM epitomizes the

insulin resistance–lipotoxicity–end-organ damage cascade. This

study aims to elucidate this relationship in a Chinese T2DM

cohort to facilitate early risk stratification and integrated

metabolic comorbidity management.
Materials and methods

Study participants

We conducted a cross-sectional study of T2DM patients

undergoing annual health examinations at Liuhe District People’s

Hospital (Nanjing, China) between January 2021 and December

2023. Inclusion criteria: Adults ≥18 years meeting WHO T2DM

diagnostic criteria or previously diagnosed T2DM (20). Exclusion

criteria: Non-T2DM diabetes; acute complications (e.g.,

ketoacidosis, hyperosmolar coma); severe cardiac/hepatic

dysfunction(Severe cardiac dysfunction refers to a state of

severely reduced cardiac pumping capacity, leading to inadequate

systemic organ perfusion and a substantially increased risk of multi-

organ failure;Severe hepatic dysfunction denotes a critical loss of the

liver’s synthetic, metabolic, and detoxification functions, often

accompanied by portal hypertension and high-risk stratification

in end-stage liver disease scoring systems); malignancy; acute/

chronic pancreatitis; suspected familial hypertriglyceridemia;

incomplete clinical data. From 1,871 initially screened, 996

patients were included(As shown in the following Figure 1). All

eligible patients were consecutively screened and enrolled.
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Ethical approval and consent to participate.

The research protocol was developed in accordance with the

relevant requirements of the World Medical Association’s

Declaration of Helsinki. The research protocol was reviewed and

approved by the Ethics Committee of Nanjing Liuhe District People’s

Hospital, Jiangsu Province (Ethics Number: LHLL0029), and all

participants signed the informed consent form. This process ensures

compliance with ethical regulations (Supplementary Figure S1).
Data definitions

TyG Index (21): In[TG (mg/dL) × FBG (mg/dL)/2] (conversion:

TG: 1 mmol/L = 88.57 mg/dL; FBG: 1 mmol/L = 18 mg/dL).

T2DM (22): (1) Classic symptoms + random glucose ≥11.1

mmol/L or FBG ≥7.0 mmol/L or 2-h OGTT ≥11.1 mmol/L; (2)

Asymptomatic patients required confirmatory testing.

HUA (23): the diagnosis of hyperuricemia (HUA) strictly follows

the recommended criteria in the “Multidisciplinary Expert Consensus

on Diagnosis and Treatment of Hyperuricemia-related Diseases (2023

Edition)” in China, which is: in a normal purine diet state, fasting blood

uric acid levels > 420 mmol/L on two separate days. This standard is

gender-neutral and uniformly applicable to all adult patients. Regarding

the time interval of “not on the same day”, we follow clinical practice

and define it as two independent tests at least one week apart.

25-hydroxyvitamin D standard: serum 25(OH)D levels (24):

sufficient (≥30 ng/mL [75 nmol/L]), insufficient (20–29 ng/mL [50–

74 nmol/L]), and deficient (<20 ng/mL [50 nmol/L]).Covariates:The

covariates that may influence the association between the TyG

index and kidney disease include age (Age, years), gender (Sex, male/

female), hypertension (Hypertension, yes/no), body mass index

(BMI, kg/m2), systolic blood pressure (SBP, mmHg), diastolic

blood pressure (DBP, mmHg), hemoglobin A1c (HbA1c,%), total

cholesterol (TC, mmol/L), triglycerides (TG, mmol/L), high-density

lipoprotein cholesterol (HDL-C, mmol/L), low-density lipoprotein

cholesterol (LDL-C, mmol/L), lipoprotein a (Lp(a), mg/dL),

alanine aminotransferase (ALT, IU/L), aspartate aminotransferase

(AST, IU/L), fasting blood glucose (FBG, mmol/L), urea

(UREA, mmol/L), serum creatinine (Scr, mmol/L), serum uric acid

(SUA, mmol/L), glomerular filtration rate (eGFR,mL/min/1.73m2),

urine albumin creatinine ratio (UACR, mg/g), blood calcium

(Ca, mmol/L), blood phosphorus (P, mmol/L), parathyroid hormone

(PTH, ng/L), and 25-hydroxyvitamin D (25(OH)D, ng/mL).
Statistical analysis

Data were analyzed using SPSS 23.0 and R 4.2.2. Continuous

variables are expressed as mean ± SD or median (IQR); categorical

variables as frequencies (%). Group differences were assessed via

ANOVA, Kruskal-Wallis, or c² tests (25). Multivariable logistic

regression estimated OR and 95% CI for TyG-HUA associations

across three models:Model 1: Adjusted for age, sex;Model 2: Model 1

+ BMI, SBP, DBP, HbA1c, lipids, liver enzymes, renal markers,

minerals, 25(OH)D;Model 3: Model 2 + eGFR.Multicollinearity was
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excluded (VIF < 5). Restricted cubic splines (RCS) evaluated

nonlinearity. Subgroup (sex, hypertension) and sensitivity (vitamin D

deficiency) analyses were performed. Significance: two-tailed P <

0.05.Furthermore, subgroup analysis and sensitivity analysis were

conducted among individuals lacking vitamin D to further confirm

the aforementioned relationship. In summary, this section provides a

detailed account of the statistical methods employed in the study, from

the description and comparison of variables to the construction of

regression models and the assessment of multicollinearity. It offers a

comprehensive and systematic exploration of the relationship between

the TyG index and HUA, providing robust statistical support for the

research conclusions.
Results

Baseline characteristics

The cohort (*n* = 996) had a mean age of 60.39 ± 13.34 years;

54.82% were male. Higher TyG quartiles were associated with

younger age, elevated BMI, blood pressure, HbA1c, LDL-C, liver

enzymes, FBG, uric acid, eGFR, and calcium, but lower HDL-C and

25(OH)D (P < 0.05; Table 1).
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Collinearity assessment and logistic
regression results

Collinearity diagnostics revealed no significant multicollinearity

among covariates, with all variance inflation factors (VIF) < 5

(Supplementary Table S1).

Logistic regression results are presented in Table 2. Logistic

regression analyses(Crude model) demonstrated a consistent

positive association between the TyG index and HUA: Each unit

increase in TyG index was associated with a 33% elevated risk of

HUA (OR = 1.33, 95% CI: (1.10 ~ 1.61)). Adjusted models:Model 1

(adjusted for age and sex): Higher TyG index significantly increased

HUA risk (OR = 2.85, 95% CI: 1.57–5.19; P < 0.001).Model 2

(Model 1 + BMI, SBP, DBP, HbA1c, lipids, liver enzymes, renal

markers, minerals, 25(OH)D): Participants in the highest TyG

quartile had a 4.45-fold higher HUA risk versus the lowest

quartile (OR = 4.45, 95% CI: 1.54–12.86; P = 0.006).Model 3

(Model 2 + eGFR): The association persisted (Q4 vs. Q1: OR =

4.23, 95% CI: 1.46–12.24; P = 0.008).Key conclusion: The TyG index

remained an independent predictor of HUA risk after multivariable

adjustment, with progressively increasing risk across ascending

TyG quartiles.

Nonlinear Relationship Analysis: Restricted cubic splines (RCS)

confirmed a nonlinear relationship between the TyG index and
FIGURE 1

Patient screening flowchart.
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HUA risk (The nonlinear P value was 0.044; Figure 2). The number

of knots used in the RCS analysis is 4, and the inflection point value

is 7.6.The dose-response curve exhibited an inverted U-shape: HUA

risk initially rose with increasing TyG levels but declined at higher

values (The P value of TyG was 0.008).
Subgroup and sensitivity analyses

The TyG-HUA association remained consistent across sex and

hypertension subgroups (all Pinteraction > 0.05; Figure 3). Sensitivity

analysis in vitamin D-deficient patients yielded stable results

(Supplementary Table S2).
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Discussion

This study establishes an independent and nonlinear

association between elevated TyG index and HUA risk in T2DM

patients, persisting after rigorous adjustment for confounders and

across analytical methods (quartile/continuous TyG).

Additionally, the relationship between the TyG index and the risk

of HUA is nonlinear, where HUA first increases and then decreases as

the TyG index rises. This phenomenon primarily stems from the

transition of metabolic compensation mechanisms and stage-specific

organ dysfunction. Early Stage: HUA Increases with Rising TyG Index.

Increased uric acid production (26, 27): A higher TyG index indicates

insulin resistance and glycolipid metabolic disorders, leading to
TABLE 1 Baseline characteristics of the quartiles of the TyG index.

Variables Total (n = 996) 1 (n = 249) 2 (n = 249) 3 (n = 249) 4 (n = 249) P

Age(years), Mean ± SD 60.39 ± 13.34 63.96 ± 11.22 62.19 ± 12.02 60.24 ± 12.80 55.17 ± 15.36 <.001

Sex, n(%) 0.176

Male 546 (54.82) 150 (60.24) 131 (52.61) 127 (51.00) 138 (55.42)

Female 450 (45.18) 99 (39.76) 118 (47.39) 122 (49.00) 111 (44.58)

Hypertension, n(%) 0.508

No 493 (49.50) 117 (46.99) 133 (53.41) 120 (48.19) 123 (49.40)

Yes 503 (50.50) 132 (53.01) 116 (46.59) 129 (51.81) 126 (50.60)

BMI(kg/m2), Mean ± SD 24.64 ± 3.94 23.52 ± 3.68 24.51 ± 3.80 25.02 ± 4.15 25.51 ± 3.85 <.001

SBP(mmHg), Mean ± SD 136.91 ± 18.36 136.06 ± 18.52 136.34 ± 17.88 136.00 ± 18.73 139.25 ± 18.18 0.142

DBP(mmHg), Mean ± SD 82.35 ± 13.35 79.88 ± 12.19 81.15 ± 12.53 82.58 ± 13.35 85.77 ± 14.56 <.001

HbA1c(%), Mean ± SD 10.04 ± 2.53 9.39 ± 2.78 9.68 ± 2.52 10.21 ± 2.38 10.86 ± 2.18 <.001

TC(mmol/L), Mean ± SD 4.94 ± 3.64 4.11 ± 1.09 4.46 ± 1.14 5.23 ± 5.47 5.95 ± 4.32 <.001

TG(mmol/L), Mean ± SD 2.03 ± 2.49 0.85 ± 0.32 1.29 ± 0.39 1.76 ± 0.63 4.24 ± 4.16 <.001

HDL-C(mmol/L), Mean ± SD 1.14 ± 0.33 1.29 ± 0.37 1.16 ± 0.30 1.10 ± 0.25 1.02 ± 0.31 <.001

LDL-C(mmol/L), Mean ± SD 2.89 ± 1.03 2.46 ± 0.91 2.83 ± 0.92 3.06 ± 0.97 3.21 ± 1.14 <.001

Lp(a)(mmol/L), Mean ± SD 218.20 ± 258.61 240.13 ± 268.31 253.54 ± 291.88 229.77 ± 262.37 149.35 ± 188.88 <.001

ALT(IU/L), Mean ± SD 25.44 ± 24.83 20.28 ± 14.01 24.66 ± 24.12 25.42 ± 21.70 31.39 ± 34.08 <.001

AST(IU/L), Mean ± SD 23.47 ± 18.40 20.92 ± 9.34 23.52 ± 17.73 23.29 ± 20.87 26.16 ± 22.52 0.017

FBG(mmol/L), Mean ± SD 9.48 ± 4.36 5.50 ± 2.00 8.24 ± 2.80 10.98 ± 3.72 13.21 ± 4.14 <.001

UREA(mmol/L), Mean ± SD 7.42 ± 16.18 6.31 ± 2.64 7.18 ± 14.12 8.30 ± 21.83 7.87 ± 19.11 0.541

Scr(mmol/L), Mean ± SD 73.63 ± 33.91 75.07 ± 38.90 73.83 ± 33.20 71.17 ± 26.25 74.46 ± 36.04 0.59

SUA(mmol/L), Mean ± SD 293.85 ± 100.09 271.41 ± 88.99 282.79 ± 99.41 298.26 ± 103.71 322.95 ± 100.69 <.001

eGFR(mL/min/1.73m2), Mean ± SD 96.76 ± 50.29 88.58 ± 61.19 90.66 ± 40.59 97.44 ± 39.31 110.34 ± 54.04 <.001

UACR(mg/g), Mean ± SD 49.00 ± 298.27 61.12 ± 416.30 54.78 ± 371.13 34.94 ± 143.82 45.14 ± 157.53 0.778

Ca(mmol/L), Mean ± SD 2.29 ± 0.14 2.24 ± 0.13 2.28 ± 0.13 2.31 ± 0.14 2.33 ± 0.15 <.001

P(mmol/L), Mean ± SD 1.12 ± 0.22 1.13 ± 0.20 1.13 ± 0.21 1.12 ± 0.23 1.10 ± 0.22 0.256

PTH(ng/L), Mean ± SD 45.60 ± 21.51 46.62 ± 24.77 44.36 ± 18.78 46.55 ± 21.88 44.85 ± 20.17 0.535

25(OH)D(ng/mL), Mean ± SD 20.02 ± 6.08 20.79 ± 6.80 20.59 ± 6.01 19.55 ± 5.70 19.16 ± 5.61 0.005
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TABLE 2 Association between TyG and HUA.

Variables
Unadjusted model Model 1 Model 2 Model 3

OR (95%CI) P OR (95%CI) P OR (95%CI) P OR (95%CI) P

TyG index 1.33 (1.10 ~ 1.61) 0.003 1.39 (1.14 ~ 1.70) 0.001 1.92 (1.11 ~ 3.30) 0.019 1.88 (1.09 ~ 3.26) 0.024

TyG index quantile

Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Q2 1.50 (0.80 ~ 2.81) 0.209 1.43 (0.75 ~ 2.69) 0.275 1.62 (0.71 ~ 3.71) 0.25 1.55 (0.69 ~ 3.52) 0.29

Q3 2.24 (1.24 ~ 4.05) 0.008 2.16 (1.18 ~ 3.95) 0.012 3.24 (1.38 ~ 7.62) 0.007 3.06 (1.31 ~ 7.18) 0.01

Q4 2.68 (1.50 ~ 4.79) <.001 2.85 (1.57 ~ 5.19) <.001 4.45 (1.54 ~ 12.86) 0.006 4.23 (1.46 ~ 12.24) 0.008

P for trend 1.38 (1.16 ~ 1.65) <.001 1.42 (1.19 ~ 1.71) <.001 1.69 (1.21 ~ 2.36) 0.002 1.66 (1.19 ~ 2.33) 0.003
F
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Model 1: Adjust: Age, Sex.
Model 2: Adjust: Age, Sex, BMI, SBP, DBP, HbA1c, TC, TG, HDL.C, LDL.C, Lp.a, ALT, AST, FBG, UREA, Scr, UACR, Ca, P, PTH,25(OH)D.
Model3: Adjust: Age, Sex, BMI, SBP, DBP, HbA1c, TC, TG, HDL.C, LDL.C, Lp.a, ALT, AST, FBG, UREA, Scr, UACR, Ca, P, PTH,25(OH)D, eGFR.
FIGURE 2

Restrcited cubic splines (RCS) for the shape of the association of TyG index and HUA risk.
FIGURE 3

Subgroup analysis of the correlation between TyG index and HUA.
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increased free fatty acid release. This enhances hepatic triglyceride

synthesis and purine metabolism, elevating uric acid production (10).

Reduced uric acid excretion: Insulin resistance inhibits renal uric acid

excretion, while hyperinsulinemia promotes renal reabsorption of

sodium and uric acid, further raising serum uric acid levels (28–30).

The TyG index often correlates with visceral obesity (increased waist

circumference). Adipose tissue releases inflammatory cytokines and

free fatty acids (31), which not only worsen insulin resistance but also

enhance uric acid production by activating purine metabolic pathways.

Hypertriglyceridemia causes accumulation of ketone bodies and lactate,

competitively inhibiting uric acid excretion in renal tubules while

promoting hepatic uric acid synthase activity (32). Late Stage: HUA

decreases with sustained high TyG Index. Prolonged HUA induces

urate crystal deposition in renal tubules, leading to chronic kidney

disease (33). As glomerular filtration rate declines, total uric acid

excretion decreases. Advanced metabolic syndrome patients often

develop complications like diabetic nephropathy and cardiac

insufficiency, with significantly reduced systemic metabolic function.

This weakens hepatic uric acid synthesis capacity (34). Although the

TyG index remains high, uric acid production decreases due to overall

metabolic failure.

The experimental findings of this study align with the majority of

relevant literature regarding the positive correlation between the TyG

index and serum uric acid levels. However, our research incorporated a

wider range of covariates in analyzing the TyG-uric acid relationship,

thereby enhancing the accuracy of risk prediction models and

significantly strengthening the scientific rigor and clinical relevance

of the study. Notably, this investigation has limitations. The study

sample was exclusively drawn from Nanjing, introducing geographical

constraints. Nevertheless, given the relatively homogeneous nature of

the study population, the conclusions should maintain validity.

The results of this cross-sectional study provide an important

hypothesis for future prospective cohort studies and randomized

controlled trials: whether reducing the TyG index through lifestyle

changes can effectively prevent or delay the occurrence of

hyperuricemia in T2DM patients. If this hypothesis is confirmed,

the TyG index is expected to become a practical biomarker for HUA

risk stratification and intervention effect evaluation.
Conclusions

Higher TyG index independently predicts HUA risk in type 2

diabetics, exhibiting a nonlinear trajectory. Integrating TyG
Frontiers in Endocrinology 06
assessment into T2DM management may optimize metabolic

control and reduce HUA-related complications. Further studies

should validate its clinical utility in diverse populations.
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