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Objective: This study aimed to investigate the association between the triglyceride-glucose (TyG) index and hyperuricemia (HUA) in
hospitalized patients with depression and to explore subgroup heterogeneity, thus providing evidence for early prevention and
management of HUA in this population.

Methods: A retrospective cross-sectional study was conducted on 3196 hospitalized patients with depression (aged > 18 years)
admitted to the Affiliated Mental Hospital of Anhui Medical University between May 2022 and June 2024. HUA was defined as serum
uric acid (SUA) > 420 pmol/L in men and > 360 pmol/L in women. After assessing multicollinearity using variance inflation factors
(VIF), we performed hierarchical multivariable logistic regression to examine the association between the TyG index and HUA.
Restricted cubic spline (RCS) analysis and quartile grouping were used to explore the dose-response relationship. Subgroup analyses
were conducted to investigate potential heterogeneity.

Results: The overall prevalence of HUA was 11.5% (16.0% in men and 9.5% in women). After adjusting for potential confounders,
the TyG index was significantly associated with HUA risk (OR = 1.76, 95% CI: 1.37-2.25, p < 0.001). RCS analysis revealed
a positive dose-response relationship between the TyG index and HUA risk, with an accelerated increase observed when the TyG index
exceeded 9. A TyG index > 9 was identified as a potential risk threshold.

Conclusion: The TyG index is an independent risk factor for HUA in hospitalized patients with depression. Incorporating the TyG
index into metabolic risk assessment may facilitate early identification and intervention of HUA in this population.

Keywords: depression, TyG index, hyperuricemia, cross-sectional study

Introduction

Depression is a common mental disorder characterized by core clinical symptoms including persistent low mood,
diminished interest or pleasure, and cognitive deficits." Mood (affective) disorders are a group of conditions primarily
characterized by disturbances in mood; depressive disorders are a major subtype, defined by persistent depressed mood
and/or loss of interest or pleasure with associated cognitive and somatic symptoms. According to the 2021 Global Burden
of Disease Study (GBD), the age-standardized Disability-Adjusted Life Years (DALY's) rate for depression increased by
16.4% between 2010 and 2021, indicating a continuing rise in its disease burden.” The World Health Organization
(WHO) estimates that approximately 350 million people worldwide are affected by depression, and this number
continues to climb. It is projected that by 2030, depression will become the leading cause of the global disease
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burden.’ Patients with depression often present with various metabolic disturbances and have a significantly higher risk
of cardiovascular diseases, type 2 diabetes, obesity, and dyslipidemia compared to the general population.*

Uric Acid (UA) (2, 6, 8-trioxopurine-C5H4N403) is a heterocyclic organic compound,’ and abnormal levels of UA
may be associated with the onset and remission of depressive symptoms.®’ UA is primarily excreted through the kidneys.
Disorders in purine metabolism, increased UA production, or impaired excretion can lead to Hyperuricemia (HUA),
which contributes to various complications such as kidney diseases, metabolic syndrome, hypertension, and cardiovas-
cular diseases.®* ' Research on the association between depression and HUA has gradually gained attention in recent
years, but existing findings remain highly controversial. Some studies have reported elevated serum uric acid (SUA)
levels and a higher prevalence of HUA in depressed patients (particularly among the elderly, adolescents, and those with

specific severity levels),' 2

and have found that depressive symptoms are associated with higher UA and C-Reactive
Protein (CRP) levels.'* Other studies, however, have reported contradictory results.'> Moreover, a meta-analysis and
a two-sample bidirectional Mendelian randomization study involving European and South American populations found
no causal relationship between SUA and depression.'®

Insulin Resistance (IR) itself represents a low-grade inflammatory state and is associated with various metabolic
diseases.'” Recent studies have revealed a bidirectional promoting relationship between HUA and IR.'® The Homeostasis
Model Assessment of Insulin Resistance (HOMA-IR) is the most commonly used clinical indicator for assessing IR.
Studies have found that the Triglyceride-Glucose (TyG) index outperforms other IR indicators in predicting HUA.'? The
TyG index, calculated as In[fasting TG (mg/dL) x FPG (mg/dL) /2], is simple, economical, and reliable. Shi et al found
that individuals with a higher TyG index had a significantly increased likelihood of developing depressive symptoms.’
A systematic review evaluating the significance of the TyG index in depressed patients indicated that for every l-unit
increase in the TyG index, the odds of developing depression were significantly elevated.”’ However, no studies to date
have explored the predictive value of the TyG index for HUA in patients with depression. Patients with depression are
often accompanied by metabolic disorders, and the TyG index is associated with depressive symptoms. Thus, this study
aims to investigate the association between the TyG index and HUA in this population.

Materials and Methods
Study Design and Participants

This cross-sectional study was conducted at a large public psychiatric specialty hospital in China—the Anhui Medical
University Affiliated Mental Hospital. A total of 3196 inpatients diagnosed with depression were included. All patients
were independently diagnosed by two experienced psychiatrists using the Structured Clinical Interview for DSM-IV
(SCID). The recruitment period spanned from May 2022 to June 2024. The inclusion criteria were as follows: (1)
Meeting the diagnostic criteria for “depressive episode” (F32) or “recurrent depressive disorder” (F33) according to
the International Classification of Diseases, 10th Revision (ICD-10); (2) Age >18 years, regardless of gender; (3) Ability
to comprehend the scale content and cooperate in completing clinical data collection. The exclusion criteria were as
follows: (1) History of traumatic brain injury, neurological disorders, or other severe chronic physical diseases; (2)
Female patients who were pregnant or breastfeeding; (3) Comorbidity with other severe mental disorders such as
schizophrenia or personality disorders; (4) Patients with communication difficulties; (5) Patients with missing data as
height and weight (shown in Figure 1).

This study strictly adhered to the ethical principles of the Declaration of Helsinki and was reviewed by the Ethics
Committee of Anhui Medical University Affiliated Mental Hospital (Hefei Fourth People’s Hospital). The study met the
criteria for exemption (Approval No.: HFSY-IRB-YJ-MCLL-ZLF [2025-069-001]), and the requirement for written
informed consent was waived because this was a retrospective analysis of routinely collected, de-identified clinical data
with minimal risk to participants. All data were de-identified prior to analysis, were accessible only to the research team,

and were reported in aggregate to protect confidentiality.
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Depression patients hospitalized
from May 2022 to June 2024
(n=3327)

Excluded (n=131)
- severe physical diseases (n=9)
- pregnant or lactating (n=7)
- personality disorders (n=14)
- communication difficulties (n=18)
- missing data such as height and weight (n=83)

The final enrolled participants
(n=3196)

HUA group NUA group
(n=368) (n=2828)

Figure | Flow chart of the study participants.

Methods

General Information

General demographic data and clinical information of patients were collected from the hospital’s electronic medical record
system.

1) Demographic data: Gender; age; Marital status: married; unmarried (including single, divorced, and widowed partici-
pants); educational level (primary school and below; junior high school; senior high school; college and above).

2) Clinical indicators: Disease duration; presence of comorbid psychotic symptoms (delusions, hallucinations,
catatonia, etc).; presence of comorbid hypertension; presence of comorbid diabetes.

Blood Sample Collection and Detection

All data on biochemical indicators were collected by nurses between 06:00 and 07:00 after an overnight fast (8—12 hours).
Blood samples were sent to the hospital laboratory for analysis within 1 hour. Plasma biochemical parameters were measured
using an automatic biochemical analyzer and commercial kits. The detected indicators included fasting plasma glucose (FPG),
total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), SUA, and serum creatinine (SCr).

Collection of Body Weight and Height Data
Height was measured using a standard method: participants stood upright without shoes, kept their heads level, and
height was measured vertically to the nearest centimeter using a stadiometer. Weight was measured in kilograms using
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a digital scale, which was calibrated before each measurement; all participants were barefoot during weight measure-
ment. The formula for calculating Body Mass Index (BMI) is: Weight (kg) / [Height (m)] 2,

Definition of Relevant Indicators
HUA: SU >420 pmol/L in males or >360 umol/L in females.*

Non-hyperuricemia (NUA): SUA <420 umol/L in males and <360 pmol/L in females.

TyG Index:** The calculation formula is: TyG index= In [Fasting TG (mg/dL) x Fasting FPG (mg/dL) /2]. Since the
units of TG and FPG in laboratory test reports were mmol/L, unit conversion was performed: 1 mmol/L TG = 88.57 mg/
dL and 1 mmol/L FPG = 18.018 mg/dL. Participants were divided into four groups according to the quartiles of the TyG
index (P25, P50, P75). The TyG quartile Q4 group was set as the reference: Q1 (TyG<8.1157), Q2 (8.1157<TyG
<8.4855), Q3 (8.4855<TyG < 8.8785), Q4 (TyG > 8.8785).

Hypertension: Hypertension was defined as either a self-reported history of hypertension diagnosed by a physician, or
a systolic blood pressure (SBP) >140 mmHg and/or a diastolic blood pressure (DBP) >90 mmHg.>* A validated upper-arm
electronic sphygmomanometer (meeting international standards) was used. After admission, a professionally trained nurse
measured the participants’ blood pressure once every 1-2 minutes, and the average value of three measurements was taken.

Diabetes Mellitus: In accordance with the criteria established by the American Diabetes Association (ADA): Normal
blood glucose: FPG<5.6 mmol/L; Impaired fasting glucose (IFG): 5.6 mmol/L<FPG <7 mmol/L; Diabetes mellitus: FPG
>7.0 mmol/L, or a self-reported history of diabetes mellitus diagnosed by a physician.?

Depression with Psychotic Symptoms (Psychiatric Sx): In accordance with the diagnostic criteria of the International
Classification of Diseases, 10th Revision (ICD-10), it refers to cases that meet the diagnostic criteria for a depressive
episode and are accompanied by delusions and/or hallucinations.*®

Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics (Version 27.0) and R software (Version 4.3.0). The
normality of continuous variables was assessed using the Kolmogorov—Smirnov test. Continuous variables with non-
normal distribution were presented as median (interquartile range), and categorical variables as frequencies and
percentages. Between-group comparisons were performed using the #-test, Mann—Whitney U-test, Kruskal-Wallis test,
or chi-square test, as appropriate. Participants with missing key variables required for the primary analyses (eg, height/
weight for BMI) were excluded; remaining analyses were performed using complete cases. Univariate and multivariable
logistic regression models were used to examine the association between the TyG index and HUA, with the TyG index
modeled both as a continuous variable and by quartiles. To reduce multicollinearity, triglycerides (TG) and fasting
plasma glucose (FPG) —which are components of the TyG index—were not included in the fully adjusted model. Within
the logistic regression framework, restricted cubic splines (RCS) were applied to evaluate potential non-linear associa-
tions between the TyG index and HUA, adjusting for prespecified confounders. Subgroup analyses were performed by
sex, age, marital status, presence of psychotic symptoms, hypertension, BMI category, and diabetes status, and interac-
tion was assessed by including multiplicative terms. Results were visualized using forest plots. A two-tailed P value <
0.05 was considered statistically significant.

Results

Comparative Analysis of Clinical Characteristics Between the HUA Group and the
NUA Group

Among the 3196 patients with depression, there were 979 male patients, accounting for 30.6%, and 2217 female
patients, accounting for 69.4%. The Kolmogorov—Smirnov test was used for normality testing. The measurement data
including age, course of disease, SBP, DBP, BMI, TyG index, TC, TG, SCr, FPG, and HDL-C did not conform to the
normal distribution. All measurement data were described using median (P25, P75), and nonparametric tests were used
for intergroup comparison. Table 1 shows that among the 3196 patients with depression, there were 368 cases (11.5%)
in the HUA group and 2828 cases (88.5%) in the NUA group. Patients in the HUA group were younger (median 46
years vs 54 years, p < 0.001), and the proportion of males was higher. In terms of marital status and education level,
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Table | Comparative Analysis of Clinical Characteristics Between the HUA Group and the NUA Group

Total HUA (n=368) NUA (n=2828) Test Statistic (x%/Z) P-value
Gender, n (%) ¥*=28.33 < 0.001
Male 979 (30.6%) 157 (42.7%) 822 (29.1%)
Female 2217 (69.4%) 211 (57.3%) 2006 (70.9%)
Age (years), n (%) x*=49.05 < 0.001
18-44 1046 (32.7%) 178 (48.4%) 868 (30.7%)
45-59 1114 (34.9%) 86 (23.4%) 1028 (36.4%)
260 1036 (32.4%) 104 (28.2%) 932 (32.9%)
Marital status, n (%) x*=65.38 < 0.001
Unmarried 819 (25.6%) 158 (42.9%) 661 (23.4%)
Married 2377 (74.4%) 210 (57.1%) 2167 (76.6%)
Education, n (%) x*=13.52 0.004
Primary school® 1238 (38.7%) 119 (32.3%) 1119 (39.6%)
Junior high school 730 (22.8%) 76 (20.7%) 654 (23.1%)
High school 467 (14.6%) 63 (17.1%) 404 (14.3%)
College® 761 (23.8%) 110 (29.9%) 651 (23.0%)
Psychiatric Sx%, n (%) ¥*=20.00 < 0.001
Yes 537 (16.8%) 92 (25%) 445 (15.7%)
No 2659 (83.2%) 276 (75%) 2383 (84.3%)
Hypertension®, n (%) ¥*=0.014 0.906
Yes 817 (25.6%) 95 (25.8%) 722 (25.5%)
No 2379 (74.4%) 273 (74.2%) 2106 (74.5%)
Diabetes mellitus®, n (%) %*=0.059 0.809
Yes 218 (6.8%) 24 (6.5%) 194 (6.9%)
IFG' 509 (15.9%) 69 (18.8%) 440 (15.6%)
No 2469 (77.3%) 275 (74.7%) 2194 (77.6%)
Age (years), M (P25, P75) 53.00 (37.00, 64.00) 46.00 (25.00, 61.00) 54.00 (39.00, 64.75) Z=-5.04 < 0.001
Duration of illness (years), M (P25, P75) 3.0 (0.5, 10.0) 3.0 (1.0, 10.0) 3.0 (0.5, 10.0) 7=-0.88 0.380
SBP (mmHg), M (P25, P75) 124.00 (116.00, 133.00) 125.00 (119.00, 134.00) 124.00 (116.00, 132.75) Z=-0.99 0.320
DBP (mmHg), M (P25, P75) 80.00 (74.00, 88.00) 80.00 (74.00, 88.00) 80.00 (74.00, 88.00) Z=-0.15 0.880
BMI (kg/m?), M (P25, P75) 22.75 (20.54, 25.06) 24.23 (21.81, 27.52) 22.51 (20.32, 24.80) Z=-9.73 < 0.001
Metabolic indicators
TyG index, M (P25, P75) 8.48 (8.12, 8.88) 8.72 (8.32, 9.15) 8.45 (8.10, 8.85) Z=-8.11 < 0.001

(Continued)
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Table | (Continued).

Total HUA (n=368) NUA (n=2828) Test Statistic (x*/Z) P-value
UA (umol/L), M (P25, P75) 270.05 (223.00, 333.40) 440.00 (393.50, 491.50) 261.00 (216.14, 307.00) Z=-3037 < 0.00!
TG (mmolL), M (P25, P75) 117 (0.85, 1.68) 1.52 (1.04, 2.24) .14 (0.84, 1.62) Z=-9.25 < 0.001
TC (mmol/L), M (P25, P75) 434 (3.77, 499) 452 (391, 5.28) 431 (3.76, 4.95) Z=-397 < 0.001
HDL-C (mmol/L), M (P25, P75) 133 (1.14, 1.55) 122 (1.04, 1.44) 134 (1.15, 1.56) Z=—66l < 0.001
SCr (umol/L), M (P25, P75) 62.00 (53.00, 72.55) 70.00 (60.22, 81.48) 61.00 (52.50, 71.40) Z=-10.38 < 0.001
FPG (mmol/L), M (P25, P75) 4.98 (4.60, 5.52) 4.96 (4.49, 5.62) 498 (461, 5.51) Z=-1.08 0.280

Notes: *Primary school+ = primary school and below.

PCollege+ = college and above. “Psychiatric Sx = depression with psychotic symptoms, defined according to the International Classification of Diseases, 10th

Revision (ICD-10).2¢ “Hypertension was defined as either a self-reported history of physician-diagnosed hypertension, or a systolic blood pressure (SBP) = 140 mmHg and/or a diastolic blood pressure (DBP) = 90
mmHg.2* Blood pressure was measured using a validated upper-arm electronic sphygmomanometer; the average of three readings was used for analysis. *Diabetes mellitus was defined based on the criteria of the
American Diabetes Association (ADA).2* IFG = impaired fasting glucose.

Abbreviations: HUA, hyperuricemia; NUA, non-hyperuricemia; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; TyG, triglyceride-glucose; UA, uric acid; TG, triglyceride; TC, total cholesterol;
HDL-C, high-density lipoprotein cholesterol; SCr, serum creatinine; FPG, fasting plasma glucose.
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the proportions of unmarried (42.9% vs 23.4%), those with senior high school education (17.1% vs 14.3%), and those
with college education or above (29.9% vs 23.0%) in the HUA group were all higher than those in the NUA group (all
p < 0.05). At the same time, the proportion of comorbid Psychiatric Sx in the HUA group was also higher (25.0% vs
15.7%, P < 0.001). In terms of metabolic indicators, the HUA group had a higher BMI (24.23 kg/m? vs 22.51 kg/m?),
a higher TyG index (8.72 vs 8.45), a higher TC level (4.52 mmol/L vs 4.31 mmol/L), a higher TG level (1.52 mmol/L
vs 1.14 mmol/L), a lower HDL-C level (1.22 mmol/L vs 1.34 mmol/L), and a higher SCr level (70 pmol/L vs 61 umol/
L) (all p < 0.05).

Comparison of Clinical Indicators Among Four Subgroups Stratified by TyG Levels
Using Quartile Method

As shown in Table 2, when patients were grouped by TyG index quartiles, no significant difference was observed in
gender distribution among the four groups (p=0.783). Regarding marital status, the Q1 group had the highest proportion
of unmarried patients (39.4%), while the Q4 group had the highest proportion of married patients (81.9%), with
a significant intergroup difference (p < 0.001). The proportion of patients with primary school education or below
increased with the elevation of TyG quartiles (Q1: 22.5%—Q4: 46.3%, p < 0.001), whereas the proportion of patients
with college education or above decreased gradually (Ql: 35.9%—Q4: 16.1%, p < 0.001). Among patients with
depression, the Q1 group had the highest proportion of those with Psychiatric Sx (20.3%), and the Q4 group had the
lowest (14.1%), with a significant intergroup difference (p=0.010). With the increase of TyG index, patient age increased
gradually (Q1: median 42 years—Q4: 57 years, p < 0.001). The Q4 group had the longest duration of depression
(median: 4 years), while the Q1 group had the shortest (median: 2 years), with a significant intergroup difference (p <
0.001). Both SBP and DBP increased with the elevation of TyG index (both p < 0.001). BMI was the highest in the Q4
group (median: 23.93 kg/m?) and the lowest in the QI group (median: 20.96 kg/m?), with a significant intergroup
difference (p < 0.001). TG, TC, and FPG increased with the elevation of quartile groups, while HDL-C decreased (all p <
0.001). No statistically significant difference in SCr was found among the four groups (p=0.078). The prevalence of
hyperuricemia increased significantly with the elevation of TyG quartiles (Q1: 7.0%—Q4: 18.3%, p < 0.001).

The Association Between TyG Index and HUA

The results of linear regression analysis showed that the VIF of the TyG index itself was 9.525. Since the formula of the
TyG index includes TG (VIF=6.673) and FPG, after excluding TG and FPG, the VIF of the TyG index was 1.570. In the
multivariate logistic regression analysis presented in Table 3, TG and FPG were excluded in Model 2 to avoid the
accumulation of multicollinearity. As shown in Table 3, in Model 0 (without adjusting for any covariates), each 1-unit
increase in the TyG index was associated with a 2.16-fold higher risk of HUA (OR=2.16, 95% CI: 1.80-2.60, p < 0.001).
After adjusting for gender, marital status, age, education level, and Psychiatric Sx in Model 1, the risk increased to 2.80-
fold (OR=2.80, 95% CI: 2.28-3.38, p < 0.001). In Model 2, after further adjusting for SBP, DBP, BMI, TC, SCr, and
HDL-C, each 1-unit increase in the TyG index was still associated with a 1.76-fold higher risk of HUA (OR=1.76, 95%
CI: 1.37-2.25, p < 0.001), confirming that the TyG index is an independent risk factor for HUA. When the TyG index
was analyzed by quartiles (with Q1 as the reference group), a clear dose-response relationship was observed. The
observed probability of HUA increased from 7.0% in Q1 to 18.3% in Q4. After full adjustment in Model 2, the adjusted
probabilities followed a similar increasing trend (Q1: 6.6%; Q2: 8.5%; Q3: 12.7%; Q4: 18.3%). Accordingly, the
adjusted ORs for HUA risk in Q3 and Q4 were significantly higher than in Q1 (OR=1.67, 95% CI: 1.12-2.49,
p=0.01; and OR=2.10, 95% CI: 1.37-3.20, p=0.001, respectively), while the risk in Q2 was not significantly different
from Q1 (OR=1.06, 95% CI: 0.70-1.60, p=0.80). The p-value for trend across quartiles was 0.001, further supporting
a graded association. This positive dose-response relationship was corroborated by the RCS analysis (Figure 2). The
probability of HUA occurrence increased continuously with the elevation of the TyG index, and the rate of risk increase
accelerated significantly when the TyG index exceeded 9, suggesting a potential risk threshold around TyG >9.
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Table 2 Comparison of Clinical Indicators Among Four Subgroups of Patients Stratified by TyG Levels Using the Quartile Method

Ql Q2 Q3 Q4 Test Statistic (leH) P-value
Gender, n (%) 1.08 0.783
Male 239 (29.9%) 244 (30.5%) 256 (32%) 240 (30%)
Female 560 (70.1%) 555 (69.5%) 543 (68%) 559 (70%)
Age (years), n (%) 204.70 < 0.001
18-44 417 (52.2%) 242 (30.3%) 223 (27.9%) 164 (20.5%)
45-59 209 (26.2%) 295 (36.9%) 294 (36.8%) 316 (39.5%)
260 173 (21.6%) 262 (32.8%) 282 (35.3%) 319 (40.0%)
Marital status, n (%) 111.90 < 0.001
Unmarried 315 (39.4%) 184 (23%) 175 (21.9%) 145 (18.1%)
Married 484 (60.6%) 615 (77%) 624 (78.1%) 654 (81.9%)
Education, n (%) 147.15 < 0.001
Primary school® 204 (22.5%) 311 (38.9%) 353 (44.2%) 370 (46.3%)
Junior high school 181 (22.7%) 170 (21.3%) 165 (20.7%) 214 (22.8%)
High school 127 (15.9%) 134 (16.8%) 120 (15.0%) 86 (10.8%)
College® 287 (35.9%) 184 (23.0%) 161 (20.2%) 129 (16.1%)
Psychiatric Sx%, n (%) 11.29 0.010
Yes 162 (20.3%) 128 (16.0%) 134 (16.8%) 113 (14.1%)
No 637 (79.7%) 671 (84%) 665 (83.2%) 686 (85.9%)
HUAY, n (%) 66.73 < 0.001
Yes 56 (7.0%) 60 (7.5%) 106 (13.3%) 146 (18.3%)
No 743 (93.0%) 739 (92.5%) 693 (86.7%) 653 (81.7%)
Age (years), M (P25, P75) 42.00 (25.00, 58.00) 54.00 (41.00, 65.00) 54.00 (43.00, 66.00) 57.00 (49.00, 66.00) 190.21 < 0.001
Duration of illness (years), M (P25, P75) 2.00 (0.50, 6.00) 3.00 (0.50, 10.00) 3.00 (0.50, 10.00) 4.00 (0.83, 11.00) 34.83 < 0.001
SBP (mmHg), M (P25, P75) 120 (110, 130) 125 (118, 134) 126 (118, 135) 126 (120, 135) 85.47 < 0.001
DBP (mmHg), M (P25, P75) 80 (72, 84) 80 (75, 88) 80 (75, 88) 80 (76, 89) 46.05 < 0.001
BMI (kg/m?), M (P25, P75) 20.96 (19.05, 23.05) 22.49 (20.28, 24.70) 23.23 (21.09, 25.80) 23.93 (22.06, 26.12) 376.11 < 0.001
Metabolic indicators
TG (mmol/L), M (P25, P75) 0.70 (0.6, 0.8) 1.04 (0.92, 1.13) 1.41 (1.26, 1.60) 2.16 (1.81, 2.73) 2995.31 < 0.001
TC (mmol/L), M (P25, P75) 3.95 (3.50, 4.58) 4.27 (3.72, 4.83) 4.44 (3.89, 5.05) 4.78 (4.13, 5.43) 311.22 < 0.001
HDL-C (mmol/L), M (P25, P75) 1.39 (1.19, 1.62) 1.36 (1.17, 1.62) 1.30 (I.11, 1.50) 1.26 (1.07, 1.46) 94.48 < 0.001
SCr (umol/L), M (P25, P75) 60.6 (52.06, 71.60) 62.49 (53.25, 72.71) 62.51 (52.97,72.9) 62.10 (53.76, 72.98) 6.82 0.078
FPG (mmol/L), M (P25, P75) 4.65 (4.37, 4.99) 4.92 (4.63, 5.33) 5.04 (4.68, 5.56) 5.51 (4.93, 6.54) 583.20 < 0.001

Notes: *Primary school+ = primary school and below. ®College+ = college and above. “Psychiatric Sx = depression with psychotic symptoms, defined according to the International Classification of Diseases, 10th Revision (ICD-10).2¢

9HUA = hyperuricemia, defined as serum uric acid >420 umol/L in males or >360 umol/L in females.??
Abbreviations: TyG, triglyceride-glucose; HUA, hyperuricemia; BMI, body mass index; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; FPG, fasting plasma glucose.
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Table 3 Multivariate Logistic Regression Analysis of TyG Index and HUA Risk[a-f]

Model 0 (OR, 95% CI); | Model | (OR, 95% Cl); | Model 2 (OR, 95% Cl); | Observed Adjusted
p-value p-value p-value Probability Probability

TyG index 2.16 (1.80, 2.60) < 0.001 2.80 (2.28, 3.38) < 0.001 1.76 (1.37, 2.25) < 0.001 - -

TyG index

quartile

Ql 1.00 (reference) 1.00 (reference) 1.00 (reference) 0.070 0.066

Q2 1.01 (0.74, 1.57); 0.700 1.42 (0.96, 2.10) 0.079 1.06 (0.70, 1.60) 0.800 0.075 0.085

Q3 2.03 (1.45, 2.85); < 0.001 2.82 (1.97, 4.03) < 0.001 1.67 (1.12, 2.49) 0.010 0.133 0.127

Q4 2.97 (2.14, 4.11); < 0.001 4.69 (3.29, 6.67) < 0.001 2.10 (1.37, 3.20) 0.001 0.183 0.183

P < 0.001 < 0.001 0.001 - -

Notes: a) TyG = triglyceride-glucose index; OR = odds ratio; Cl = confidence interval. b) Model 0: No covariates adjusted. c) Model I: Adjusted for gender, marital status,
age, education level, and psychiatric symptoms. d) Model 2: Additionally adjusted for SBP, DBP, BMI, TC, SCr, and HDL-C; triglycerides (TG) and fasting plasma glucose (FPG)
were excluded to avoid multicollinearity. €) Observed probability refers to the crude prevalence of hyperuricemia (HUA) in each quartile; adjusted probability refers to the
predicted prevalence after adjustment for all covariates in Model 2. f) All continuous variables were modeled as linear terms; P-values are two-tailed, with <0.05 considered
statistically significant.

Subgroup Analysis of the Correlation Between TyG Index and HUA

Figure 3°s representation of the findings of the subgroup analysis shows a pattern that is constant across subgroups for
hypertension (yes, no), Psychiatric Sx (yes, no), etc., with no significant interaction effects observed (all p for interaction
> (0.05). Detailed quantitative data, including the odds ratios (ORs), 95% confidence intervals (Cls), and P values for each
subgroup, as well as the formal P values for interaction, are summarized in Table 4. These results indicate that the
predictive value of the TyG index for HUA is stable across different genders, age groups, and comorbid states, supporting

its potential as a universal screening tool.

Discussion
To our knowledge, this study is the first to investigate the association between the TyG index and HUA in a large sample
of hospitalized patients with depression in China. Our results demonstrate that the TyG index remained significantly
associated with the risk of HUA even after adjusting for various potential confounders, exhibiting a positive dose-
response relationship with an accelerated risk increase when the TyG index exceeded 9. The TyG index was identified as
an independent risk factor for HUA (adjusted OR=1.758). These findings provide a new perspective for the early
identification of HUA in patients with depression, although the underlying mechanisms require further investigation.
This study found that the prevalence of HUA among 3196 patients with depression was 11.5% (16.0% in males and
9.5% in females). Previous studies have shown that the prevalence of HUA in hospitalized patients with depression was
21.68%,>” while the proportion of HUA in a study involving adolescent patients with depression reached 49.34%.'* The
results of this study are lower than the previously reported HUA prevalence in depressive populations. There may be
multiple factors contributing to this discrepancy. First, differences in pharmacotherapy may affect the results. The
subjects of this study were inpatients, most of whom were receiving antidepressant or antipsychotic treatment. It is
known that certain drugs (eg, bupropion) may indirectly affect uric acid levels by improving glucose and lipid
metabolism.”® Second, inconsistencies in the age of the study populations may also have an impact. The median age
of patients in this study was relatively high (50.65 years), which is not a high-incidence age group for HUA.® Third,
geographical region and lifestyle factors should be considered: the subjects of this study were patients from inland areas
of China, where the incidence of HUA is relatively low.”” Fourth, the patients were in different stages of the disease.
Previous studies have shown that SUA levels increase after treatment,*® which may be associated with the remission of
depressive symptoms following treatment. However, all subjects in this study were hospitalized patients experiencing an
acute episode. Finally, the gender composition of the study subjects must be taken into account. The proportion of female
patients in this study was relatively high (69.4%), and the prevalence of HUA in females is usually lower than that in
males.>' This gender ratio may have led to a lower overall prevalence of HUA in this study.
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Figure 2 Restricted cubic spline relationship between TyG index and HUA risk.

Notes: The predicted probability of HUA was derived from a logistic regression model incorporating a restricted cubic spline (RCS) for the TyG index, adjusted for gender,
marital status, age, education level, psychiatric symptoms, systolic blood pressure (SBP), diastolic blood pressure (DBP), body mass index (BMI), total cholesterol (TC),
serum creatinine (SCr), and high-density lipoprotein cholesterol (HDL-C) (Model 2 covariates, excluding triglycerides (TG) and fasting plasma glucose (FPG) to avoid
multicollinearity). The gray shaded area indicates the 95% confidence interval. The black dashed line indicates the threshold of TyG index = 9, where the rate of increase in
HUA risk accelerates significantly. The histogram along the x-axis shows the distribution of TyG index values.

The TyG index is associated with various metabolic diseases.** Studies in different populations have shown that the
risk of HUA increases with the elevation of the TyG index, and the TyG index can serve as a potential monitoring
indicator for HUA.*>* > This study further validates its positive correlation with HUA in the depressive population,
supporting its generalizability as a marker for metabolic dysregulation. Multivariate models indicate that the TyG index
still independently predicts the risk of HUA. RCS analysis suggests that the risk of HUA accelerates when the TyG index
exceeds 9. Subgroup analyses reveal no significant interaction effects (all p>0.05), indicating that the predictive effect of
the TyG index on HUA in patients with depression is consistent across different genders, ages, and comorbidity statuses.

The association between the TyG index and SUA levels in patients with depression may be influenced by inflam-
matory responses and oxidative stress. Patients with depression are often accompanied by activation of the hypothalamic-
pituitary-adrenal (HPA) axis and a chronic inflammatory state, which may exacerbate the interaction between insulin
resistance and disorder of uric acid metabolism.>® SUA is associated with metabolic diseases such as metabolic
syndrome, type 2 diabetes mellitus, and hypertension.”” Studies have shown that in patients with mood disorders, the
more severe the emotional symptoms are, the higher the SUA levels.” A randomized, double-blind, placebo-controlled
trial revealed a positive correlation between SUA levels and interleukin-6 (IL-6), interleukin-17 (IL-17), and tumor
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Subgroup OR 95% CI P-value P for interaction
gender 0.557
man 1.475 (0.982, 2.213) 0.061 ————-—
female 1.733 (1.256, 2.392) 0.001 ———-—
age 0.415
18-44 1.504 (0.999, 2.264) 0.051 i
45-59 2.142 (1.362, 3.369) 0.001 ——-—
>60 1.218 (0.753, 1.972) 0.421 ———-—
Marital status 0.556
Unmarried 1.736 (1.147, 2.629) 0.009 —-—
married 1.685 (1.230, 2.308) 0.001 ——-—
BMI 0.362
<18.5 2.460 (0.596, 10.151) 0.213
18.5-24 1.676 (1.181, 2.377) 0.004 ——-—
24-28 1.923 (1.219, 3.032) 0.005 —-—
228 1.668 (0.841, 3.308) 0.143
Diabetes 0.400
yes 1.317 (0.432, 4.018) 0.680 ‘ -
IFG 1.393 (0.705, 2.753) 0.341 i —
no 1.968 (1.443, 2.683) 0.000 ———-—
Hypertension 0.837
yes 1.605 (0.959, 2.687) 0.072 e —-—
no 1.792 (1.347, 2.383) 0.000 ——-—
Psychiatric Sx 0.984
yes 1.246 (0.711, 2.183) 0.442 ——-—
no 1.892 (1.432, 2.501) 0.000 ——-—
| | | |
0.5 | 1 | 2 | 4 |

Adjusted OR (95% CI)

Figure 3 Forest plot of subgroup analysis on the association between TyG index and HUA.

Notes: Odds ratios (ORs) and 95% confidence intervals (Cls) were derived from a logistic regression model adjusted for gender, age, marital status, education level,
psychiatric symptoms, systolic blood pressure (SBP), diastolic blood pressure (DBP), body mass index (BMI), total cholesterol (TC), serum creatinine (SCr), and high-density
lipoprotein cholesterol (HDL-C). Squares represent ORs; horizontal lines indicate 95% Cls. The vertical dashed line denotes OR = 1.0. P-values for interaction, shown next
to each subgroup heading, were calculated by including multiplicative interaction terms in the model. Exact numerical results, including ORs, Cls, and P-values, are presented
in Table 4.

necrosis factor-alpha (TNF-a).*® Elevated levels of SUA may induce oxidative stress and increase the expression of
TNF-a in the hippocampus of rats,>® while the levels of pro-inflammatory cytokines are also significantly elevated in
patients with depression.* A growing body of studies has shown that there is an association between IR and HUA.*"**?
The development of HUA may be associated with increased expression of urate transporter 1 (URATI1) and glucose
transporter 9 (GLUTY), as well as glycolytic disorders caused by IR.** Specifically, IR may affect renal UA transport,
resulting in increased UA reabsorption.** Furthermore, IR may lead to an increased fat lipolysis rate and decreased
activity of lipoprotein lipase (LPL) in adipose tissue, which in turn results in HUA and excessive UA production.*’
This study should be regarded as a proof-of-concept investigation. While our findings suggest that the TyG index may
serve as a simple, low-cost, and routinely available marker to identify hospitalized patients with depression who are at
higher risk of HUA, several important limitations must be carefully considered. First, the cross-sectional design
precludes any causal inference and is inherently susceptible to reverse causation. Second, all participants were recruited
from a single psychiatric specialty hospital in inland China and were exclusively inpatients; therefore, selection bias is
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Table 4 Subgroup-Specific Odds Ratios (ORs) and 95% Confidence Intervals (Cls) for
the Association Between TyG Index and Hyperuricemia (HUA) [d,e]

Subgroup OR | Lower 95% Cl | Upper 95% CI | P-value | P-Interaction
Gender 0.557
Male 1.48 | 0.982 2213 0.061

Female 1.73 | 1.256 2.392 0.001

Age 0415
18-44 1.50 | 0.999 2.264 0.051

45-59 2.14 | 1.362 3.369 0.001

260 1.22 | 0.753 1.972 0.421

Marital status 0.556
Unmarried 1.74 | 1.147 2.629 0.009

Married 1.69 | 1.23 2.308 0.001

BMI 0.362
<185 246 | 0.596 10.151 0.213

18.5-24 1.68 | 1.181 2.377 0.004

24-28 1.92 | 1.219 3.032 0.005

228 1.67 | 0.841 3.308 0.143

Diabetes mellitus® 0.400
Yes 1.32 | 0432 4.018 0.680

IFG 1.39 | 0.705 2.753 0.341

No 1.97 | 1.443 2.683 < 0.001
Hypertension® 0.837
Yes .61 | 0.959 2.687 0.072

No 1.79 | 1.347 2.383 < 0.001
Psychiatric Sx° 0.984
Yes 1.25 | 0.711 2.183 0.442

No 1.89 | 1.432 2.501 < 0.001

Notes: *Diabetes mellitus was defined based on the criteria of the American Diabetes Association (ADA);*® IFG

= impaired fasting glucose. bHypertension was defined as either a self-reported history of physician-diagnosed
hypertension, or a systolic blood pressure (SBP) 2 140 mmHg and/or a diastolic blood pressure (DBP) = 90
mmHg.24 Psychiatric Sx = depression with psychotic symptoms, defined according to the International
Classification of Diseases, 10th Revision (ICD-10).2¢ d) All analyses were adjusted for Model 2 covariates
(gender, marital status, age, education level, psychiatric symptoms, SBP, DBP, BMI, TC, SCr, HDL-C), excluding
triglycerides (TG) and fasting plasma glucose (FPG) to avoid multicollinearity. €) TyG index was modeled as
a continuous variable; P-interaction was calculated by including multiplicative terms between the TyG index and
each subgroup variable in the logistic regression model.

Abbreviations: TyG, triglyceride-glucose; HUA, hyperuricemia; OR, odds ratio; Cl, confidence interval; BMI,
body mass index.

possible, and the findings may not generalize to outpatients, community-dwelling individuals, or populations from other
healthcare settings or geographic regions. Third, despite adjusting for multiple confounders, residual confounding cannot
be excluded. Key variables not available in the electronic medical records, such as dietary purine intake, alcohol
consumption, smoking status, physical activity, and detailed pharmacotherapy (eg, specific antidepressants, antipsycho-
tics, diuretics, or urate-lowering agents) may influence both the TyG index and serum uric acid levels. Fourth, renal
function was only partially accounted for via serum creatinine; more precise measures (eg, estimated glomerular filtration
rate) and comorbidities affecting urate handling were not comprehensively assessed. Fifth, laboratory measurements were
based on single time points; thus, intra-individual variability and temporal changes in TyG and uric acid could not be
evaluated. Sixth, the suggested TyG threshold of 9, while statistically derived from restricted cubic spline analysis,
should be considered hypothesis-generating and may be sample-dependent; it requires external validation in larger,
multi-center, and more diverse cohorts before it can be applied clinically.

In light of these limitations, we emphasize that our results are not sufficient to change current clinical practice on their
own. Rather, they provide preliminary evidence that the TyG index may be a useful adjunct to existing metabolic
screening protocols in psychiatric settings. Future studies should adopt prospective, multi-center designs with repeated
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measurements, more comprehensive confounder assessment, and formal evaluation of predictive performance (eg,
calibration and discrimination) to determine whether TyG-informed strategies improve clinically meaningful outcomes,
such as earlier detection, timely referral, and effective management of HUA in patients with depression. When
formulating treatment plans, psychiatrists should consider prioritizing antipsychotic medications that have a neutral or
beneficial impact on UA metabolism, avoiding those known to elevate uric acid levels, such as some second-generation
antipsychotics (eg, olanzapine, risperidone).***” The feasibility of using medications that improve insulin resistance (eg,
metformin) should be promptly evaluated.*® If HUA is diagnosed, patients should be promptly referred to the endocri-
nology department to initiate standard uric acid-lowering therapy.*’

Conclusion

In summary, the prevalence of HUA among hospitalized patients with depression in inland China is 11.5%. A positive
correlation exists between the TyG index and HUA in this population, with the TyG index serving as an independent
predictor of HUA risk. Notably, the risk of HUA increases at a significantly accelerated rate once the TyG index exceeds
9. The TyG index represents a stable, simple, and cost-effective indicator for assessing HUA risk in patients with
depression, and its predictive value remains consistent across most clinically relevant subgroups. Given the simplicity
and stability of the TyG index, it may serve as an auxiliary indicator for HUA risk screening in patients with depression,
and its clinical utility warrants further validation in clinical management of patients with depression, utilizing it as a key
tool for identifying high-risk individuals, guiding stratified management, and facilitating early intervention, with the
ultimate goal of improving long-term metabolic outcomes and overall health status.
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