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Background: Serum uric acid (SUA), a key metabolite in purine metabolism, has been linked to various metabolic disturbances.
However, its specific role in the development of new-onset diabetes among patients with coronary heart disease (CHD) remains
unclear.

Methods: This multi-center study included 5141 CHD patients. To assess the relationship between SUA and diabetes, we used Cox
regression and generalized additive models, along with gender-stratified threshold analyses to explore the dose—response pattern.
Additionally, the incremental predictive value of SUA was evaluated by calculating the integrated discrimination improvement (IDI)
and net reclassification improvement (NRI). Lastly, mediation analysis was performed to examine the potential role of inflammatory
markers in the observed association.

Results: Elevated SUA levels were significantly associated with an increased risk of diabetes in CHD patients, showing a clear
nonlinear relationship. We identified risk thresholds at SUA levels of >345 pumol/L for females and >350.5 pmol/L for males. SUA
levels improved diabetes risk prediction, with NRI=0.033 and IDI=0.003. Furthermore, mediation analysis revealed that inflammatory
markers partially mediated the association between SUA and diabetes risk, with the highest proportion of mediation reaching 32.27%.
Conclusion: Elevated SUA is an independent risk factor for new-onset diabetes in CHD patients, with gender-specific risk thresholds.
This association is partially mediated through inflammation. Monitoring and managing SUA levels may help reduce the risk of
diabetes in this high-risk group. Moreover, the mediating role of inflammation provides an important basis for future in-depth
mechanistic studies.
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Introduction

Diabetes is a chronic metabolic condition chiefly defined by inadequate insulin secretion or reduced insulin sensitivity,
with sustained hyperglycemia representing its hallmark feature.'* Prolonged hyperglycemia not only triggers systemic
metabolic disturbances but also significantly increases the risk of multi-system complications, including those related to

the heart, kidneys, retina, and peripheral nerves.> ® As modern lifestyles have evolved, especially with the widespread
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adoption of high-sugar diets, the prevalence of diabetes has risen dramatically, making it one of the most significant
chronic diseases threatening public health.”

Coronary heart disease (CHD), the most common and fatal form of cardiovascular disease, also represents a major
global health burden.” Notably, there is a close pathophysiological link between diabetes and CHD.'*"'? Diabetes-
induced dyslipidemia, vascular endothelial dysfunction, and chronic inflammatory states significantly accelerate athero-
sclerosis, substantially increasing the risk of CHD onset and progression.'*'* When diabetes and CHD coexist, they
exacerbate each other’s effects, leading to further vascular and multi-organ damage and a marked increase in patient
mortality risk.'*'® Therefore, early identification of diabetes risk and proactive intervention are critical in CHD patients
to break this vicious cycle and improve long-term prognosis.

The occurrence of diabetes in patients with CHD has traditionally been linked to unhealthy diets, lifestyles, obesity,
and associated metabolic disturbances, such as hyperlipidemia, insulin resistance, and chronic inflammation.'” %’
However, the role of serum uric acid (SUA) in diabetes development has often been overlooked. SUA has long been
viewed primarily as the end product of purine metabolism, with clinical significance related mainly to gout, joint injury,
kidney damage, and certain cardiovascular events (including heart failure, hypertension, and cardiovascular death).?' 2
Its impact on glucose metabolism has received less attention. Recent research, however, has gradually recognized SUA’s
role in metabolism.?®*” Elevated SUA levels are associated with obesity and contribute to insulin resistance, lipid
metabolism disorders, and chronic low-grade inflammation—mechanisms central to diabetes pathophysiology.**>° As
a result, the link between SUA and diabetes is supported by both theoretical and empirical evidence. Moreover, SUA has
been shown to cause endothelial dysfunction, promote oxidative stress, and accelerate atherosclerosis, increasing
cardiovascular risk, including CHD .32 Thus, a complex network emerges between SUA, diabetes, and CHD, where
hyperuricemia contributes to CHD development and, through metabolic pathways (insulin resistance, pancreatic -cell
dysfunction, chronic inflammation and lipid metabolism disorders), increases diabetes risk.>*** When both conditions
coexist, they disrupt SUA metabolism, creating a vicious cycle.

In light of these factors, this study aims to investigate, through a multicenter design, the impact of SUA on the risk of
diabetes in CHD patients. This approach not only expands the traditional understanding of metabolic risk factors but also
provides a novel perspective on disease progression in this high-risk population. It holds promise for the early
identification and comprehensive intervention of diabetes in CHD patients, with the potential to clarify the complex
relationships among SUA, diabetes, and CHD, offering important implications for improving patient prognosis and
enabling more targeted metabolic management.

MaterialS and Methods
Study Population

This study is a multicenter research project that included a total of 9412 patients with CHD from five centers in China:
Changzhi People’s Hospital, Sichuan Provincial People’s Hospital, the Sixth Affiliated Hospital of Kunming Medical
University, Xinxiang Central Hospital, and Yunyang County People’s Hospital.

Initially, we excluded 529 patients who lacked SUA data. Subsequently, taking into account the potential impact of
certain diseases and medications, we further excluded patients who had diabetes at baseline, severe renal dysfunction,
were taking any medications that may affect SUA metabolism at baseline (Febuxostat, Benzbromarone, Allopurinol,
Diuretics, and Various weight-loss drugs), or had malignant tumors. Lastly, patients who were lost to follow-up were also
excluded from the study. After applying these strict exclusion criteria, a total of 5141 CHD patients ultimately met the
final research requirements. Figure 1 illustrates the detailed screening process of the study population.

The entire process of the study followed the Helsinki Declaration and obtained approval from the ethics committees
of the five hospitals involved: Changzhi People’s Hospital (CZX20180213), Sichuan Provincial People’s Hospital
(CRC2024-0512), the Sixth Affiliated Hospital of Kunming Medical University (XKY20200806), Xinxiang Central
Hospital (NXCH20230911), and Yunyang County People’s Hospital (Yy20200419). All participants provided written

informed consent prior to enrollment.
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Patients with coronary heart disease from five centers in China: Changzhi People’s Hospital, Sichuan Provincial
People's Hospital, the Sixth Affiliated Hospital of Kunming Medical University, Xinxiang Central Hospital, and
Yunyang County People's Hospital (N=9412)

Patients lacking serum uric acid data (N=529)

Patients with complete serum uric acid data (N=8883)

Exclusion criteria (N=3742)
Patients with diabetes at baseline (N=1843)
Patients with severe renal impairment (N=316)
Patients taking any medications that may affect
uric acid metabolism at baseline (Febuxostat,
Benzbromarone, Allopurinol, Diuretics, and
Various weight-loss drugs) (N=261)
v’ Patients with cancers (N=114)
v’ Patients lost to follow-up (N=1208)

AVANIN

Patients who ultimately meet the research requirements (n=5141)

Figure | Screening process of study participants.

Data Collection and Definitions

Data, including patient demographics, physical examination findings, medical history, and laboratory test results, were
collected via telephone interviews, in-person visits, electronic medical records, and medical insurance documentation.
Measurements such as height, weight, and blood pressure (BP) were taken by professional nurses using standardized
methods, as detailed in the Supplementary Materials.

Laboratory tests were conducted using fully automated biochemical analyzers. The biochemical indicators measured
included complete blood count, liver function, C-reactive protein (CRP), total cholesterol (TC), triglycerides (TG),
fasting blood glucose (FBG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-
C), and SUA. The specific measurement instruments and methods can be found in the Supplementary Materials. SUA

levels were measured in all patients at baseline enrollment, with blood samples collected by professionally trained nurses
using standardized procedures and subjected to standardized measurement. Medication use, including lipid-lowering
drugs, antiplatelet drugs, diuretics, beta-blockers, and ACEIs/ARBs, was also collected and recorded.

The diagnoses of CHD, hypertension, and hyperlipidemia were made according to current clinical guidelines, with
specific diagnostic criteria detailed in the Supplementary Materials.

Outcome
The primary endpoint of this research was the development of new-onset diabetes in the CHD cohort. The diagnosis of

diabetes adhered strictly to contemporary clinical standards,**>°

as defined by any of the following: 1) characteristic
symptoms (e.g., polydipsia, polyuria, polyphagia, or unexplained weight loss) accompanied by a random venous plasma
glucose level of >11.1 mmol/L; 2) a fasting venous plasma glucose level >7.0 mmol/L after >8 hours of fasting; 3) a 2-hour
plasma glucose level >11.1 mmol/L during a 75-g oral glucose tolerance test; or 4) a glycated hemoglobin value >6.5%.
Endpoint data were collected from multiple sources, including medical visit records, health insurance data, and
periodic follow-ups (both face-to-face and via telephone). Follow-up began at baseline enrollment (with the earliest
enrolled patient in February 2018) and continued until the earliest of the following three time points: (1) the date of first
diabetes diagnosis; (2) the date of the patient’s last follow-up; or (3) the overall study end date (February 1, 2026). Thus,
“the date of the last follow-up” refers to the actual date on which an individual patient completed follow-up (possibly due

to early withdrawal), while “the overall study end date” is the fixed termination point of the entire study.
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Statistical Analysis

Participants were divided into four groups based on quartiles of SUA levels. To assess multicollinearity, variance
inflation factors were computed for all predictors; each was found to be below 5, confirming the absence of substantial
collinearity (Table S1). Additionally, the proportional hazards assumption test confirmed that the assumptions of the Cox
proportional hazards model were satisfied (Figure S1). Subsequently, multivariable-adjusted Cox proportional hazards
regression models were employed to assess the association between SUA levels and incident diabetes in patients with
CHD. Cumulative diabetes incidence across SUA strata was visualized using Kaplan-Meier (KM) curves. To investigate
the dose—response relationship, a generalized additive model (GAM) was fitted, and subgroup analyses were stratified by
sex. Furthermore, based on an inflection point identified by the GAM, a two-piecewise regression model was applied to
characterize the association pattern in detail.

To evaluate the predictive ability of SUA for diabetes, several metrics were employed: the C-index, net reclassifica-
tion improvement (NRI), integrated discrimination improvement (IDI), and the Boruta algorithm for variable importance
ranking. Finally, a mediation analysis was performed to identify potential mediating factors in the relationship between
SUA and diabetes onset. Detailed descriptions of the statistical analysis can be found in the Supplementary Materials.

All analyses were performed in R (version 4.2.2), with statistical significance defined as a two-sided P-value < 0.05.

Results

Baseline Characteristics of the Study Population

This study included 5141 patients from five centers, with a median follow-up duration of 4.15 years. During the follow-
up period, 1592 participants were diagnosed with diabetes. We divided the patients into four groups based on the
quartiles of their SUA levels, with Table 1 presenting the baseline characteristics of each group.

Compared to the lower-SUA quartiles, participants in the higher SUA quartile demonstrated several distinct clinical
and demographic features. These patients tended to be older and were more frequently male. They also reported higher
rates of smoking and alcohol consumption. Additionally, this group exhibited elevated body mass index (BMI) and BP. In
terms of laboratory test results, the higher SUA group had elevated liver enzyme levels, as well as higher levels of blood
lipids, TC, TG, and LDL-C. Furthermore, their FPG, CRP, and SUA levels were significantly higher. In terms of medical
history and medication use, a greater proportion had hypertension and hyperlipidemia, and diuretic use was more
common. More importantly, the prevalence of diabetes among the four groups showed a stepwise increase, rising
progressively from QI to Q4 (Figure 2).

SUA and New-Onset Diabetes Risk in CHD Patients

To evaluate the incidence of diabetes across different SUA groups, we calculated the incidence rate per 100 person-years.
The results demonstrated a gradual increase in diabetes incidence with rising SUA levels, with the highest incidence
observed in the Q4 group (highest SUA quartile) (Figure 3).

The association between SUA and diabetes risk was evaluated through progressively adjusted Cox regression models.
In the unadjusted Model 1, each 10 pmol/L increase in SUA and each standard deviation (SD) increase were associated
with a 5.2% and 49.6% increased risk of diabetes, respectively (Table 2). In the fully adjusted Model 5, these associations
remained significant, with hazard ratios (HRs) of 1.042 [(95% confidence interval (CI): 1.035-1.049)] and 1.391 (95%
CI: 1.319-1.464), respectively (Table 2). When analyzing SUA as a categorical variable by quartiles, the Q2, Q3, and Q4
groups showed progressively higher risks of diabetes compared with the Q1 group (lowest quartile), with HRs of 1.213
(95% CI: 1.041-1.413), 1.277 (95% CI: 1.098-1.485), and 1.700 (95% CI: 1.463-1.976), respectively (Table 2). The KM
cumulative risk curves confirmed these findings, showing a stepwise increase in cumulative diabetes risk across
ascending SUA quartiles (Figure 4).

Furthermore, to account for physiological differences between sexes, we conducted sex-stratified analyses. The
results indicated that elevated SUA levels, whether analyzed as a continuous or categorical variable, remained associated
with a higher risk of diabetes in both males and females (Table 3).
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Table | Baseline Characteristics of the Study Participants

Characteristic Overall Ql Q2 Q3 Q4 P value
Number 5141 1285 1285 1285 1286

Age (years) 58.51+8.29 58.01+8.21 58.24+7.74 59.02+8.45 58.75+8.71 0.007
Sex (%) <0.001
Female 2304 (44.82%) 759 (59.07%) 636 (49.49%) 533 (41.48%) 376 (29.24%)

Male 2837 (55.18%) 526 (40.93%) 649 (50.51%) 752 (58.52%) 910 (70.76%)

Current smoking (%) 1079 (20.99%) 254 (19.77%) 237 (18.44%) 269 (20.93%) 319 (24.81%) <0.001
Current drinking (%) 1188 (23.11%) 240 (18.68%) 256 (19.92%) 291 (22.65%) 401 (31.18%) <0.001
BMI (kg/m?) 25.76%3.98 24.50+3.97 25.10+4.03 26.51+3.73 26.92+3.67 <0.001
SBP (mmHg) 145.54+18.41 144.10+18.20 145.03+18.180 145.79+18.34 147.22+18.81 <0.001
DBP (mmHg) 87.94£13.53 86.96+13.43 87.31x12.77 87.62+13.59 89.87+14.13 <0.001
Laboratory tests

ALT (U/L) 17.09 (12.04-28.13) 14.05 (10.63-19.21) 15.96 (11.33-25.07) 20.23 (13.15-30.22) 22.87 (15.16-37.18) <0.001
AST (UL) 18.32 (15.00-24.00) 17.22 (14.15-21.11) 18.05 (14.93-23.46) 18.89 (15.04-24.93) 20.03 (16.33-26.85) <0.001
TC (mmol/L) 4.10+0.92 4.00+0.84 4.05+0.88 4.07+0.92 4.27£1.01 <0.001
TG (mmol/L) 0.65 (0.55-1.45) 0.60 (0.52-0.71) 0.63 (0.54-1.04) 0.67 (0.56-1.71) 1.04 (0.63-2.12) <0.001
HDL-C (mg/dL) 2.74+0.80 2.76+0.79 2.73+0.81 2.69+0.82 2.77+0.78 0.035
LDL-C (mg/dL) 1.17+0.28 1.27+0.28 1.24+0.28 1.1240.26 1.05+0.26 <0.001
FPG (mmol/L) 4.75£0.91 4.68+0.79 4.83£1.05 4.72£0.92 4.76+0.85 <0.001
CRP (mg/L) 5.88 (4.61-8.70) 5.25 (4.52-8.16) 5.30 (4.35-7.69) 5.97 (4.64-8.29) 6.84 (5.43-12.25) <0.001
AlSI 119.10 (82.09-165.49) 113.10 (76.47-158.09) 114.67 (81.19-157.90) 124.99 (88.65-173.51) 125.48 (88.87-175.53) <0.001
SIRI 0.97 (0.76-1.23) 0.92 (0.74-1.16) 0.93 (0.78-1.22) 0.98 (0.76—1.24) 1.01 (0.77-1.31) <0.001
NI 455.27 (330.52-616.03) 43293 (331.95-572.23) 453.42 (335.43-594.58) 460.81 (322.82-612.37) 47131 (329.57-619.10) <0.001
SUA (umol/L) 283.00 (230.00-337.20) 199.00 (175.35-216.06) 255.27 (243.00-271.09) 309.00 (295.00-321.55) 369.99 (354.00412.00) <0.001
Medical history

Hypertension (%) 2881 (56.04%) 688 (53.54%) 664 (51.67%) 673 (52.37%) 856 (66.56%) <0.001
Hyperlipidemia (%) 2421 (47.09%) 577 (44.90%) 542 (42.18%) 595 (46.30%) 707 (54.98%) <0.001
Medications

Lipid-lowering drugs (%) 5113 (99.46%) 1276 (99.30%) 1279 (99.53%) 1276 (99.30%) 1282 (99.69%) 0.459
Antiplatelet drugs (%) 5084 (98.89%) 1270 (98.83%) 1269 (98.75%) 1271 (98.91%) 1274 (99.07%) 0.891
Diuretics (%) 1120 (21.79%) 233 (18.13%) 244 (18.99%) 301 (23.41%) 342 (26.61%) <0.001
Beta-blockers (%) 4992 (97.10%) 1242 (96.65%) 1253 (97.51%) 1242 (96.65%) 1255 (97.59%) 0.298
ACEIs/ARBs (%) 4612 (89.71%) 1155 (89.88%) 1129 (87.86%) 1157 (90.04%) 1171 (91.06%) 0.058

Notes: Data are presented as mean * standard deviation, median (interquartile range), or as numbers, and percentages.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine transaminase; AST, aspartate transaminase; TC,
total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; CRP,
c-reactive protein; AlSI, aggregate index of systemic inflammation; SIRI, Systemic Inflammation Response Index; Sll, Systemic Immune-Inflammation Index; SUA,
serum uric acid; ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers.

Dose-Response Relationship of SUA with New-Onset Diabetes in CHD Patients
Next, a GAM was applied to examine the dose-response relationship between SUA levels and incident diabetes. In the
overall population, the risk of new-onset diabetes increased continuously with rising SUA levels, with a more pro-
nounced increase observed when SUA exceeded 346.4 umol/L (Figure 5 and Table 4). Specifically, among participants
with SUA levels < 346.4 umol/L, each 10 umol/L increase and each SD increase in SUA were associated with a 2.6%
and 22.8% higher risk of diabetes, respectively (Table 4). In contrast, among those with SUA levels > 346.4 pmol/L, the
corresponding increases in risk were significantly greater, reaching 7.7% and 80.1%, respectively (Table 4). Similar
nonlinear patterns were observed in sex-stratified analyses (Figure 6 and Table 5). Among females, the inflection point
was identified at 345.0 umol/L, while among males, it was identified at 350.5 pumol/L (Figure 6 and Table 5). In both
sexes, the association between elevated SUA and diabetes risk intensified significantly once SUA exceeded these
respective thresholds (Table 5).

Subgroup Analysis
To assess the potential impact of baseline characteristics, comorbidities, and medication use, we conducted subgroup
analyses (Table 6 and Figure 7).
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Prevalence rate

Figure 2 Prevalence rates of diabetes among the four groups of people.
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Figure 3 Incidence of diabetes per 100 person-years among the four groups.
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Table 2 Relationship Between Between SUA and New-Onset Diabetes in Patients with CHD

Diabetes

Model |

Model 2

Model 3

Model 4

Model 5

HR (95% CI) P

HR (95% CI) P

HR (95% CI) P

HR (95% CI) P

HR (95% CI) P

SUA (per 10-umol/L increase)
SUA (per ISD increase)
Quartiles of SUA

Quartile |

Quartile 2

Quartile 3

Quartile 4

P for trend

1.052 [1.045, 1.059] <0.001
1496 [1.421, 1.574] <0.001

Reference
1.282 [1.101, 1.493] 0.001
1.368 [1.182, 1.584] <0.001
1.911 [1.661, 2.200] <0.001
<0.001

1.051 [1.044, 1.058] <0.001
1.485 [1.408, 1.566] <0.001

Reference
1.263 [1.085, 1.471] 0.003
1.358 [1.168, 1.580] <0.001
1.894 [1.628, 2.204] <0.001
<0.001

1.046 [1.039, 1.053] <0.001
1433 [1.360, 1.510] <0.001

Reference
1.223 [1.052, 1.421] 0.009
1.353 [1.165, 1.570] <0.001
1.889 [1.631, 2.188] <0.001
<0.001

1,045 [1.039, 1.051] <0.001
1.419 [1.354, 1.487] <0.001

Reference
1.218 [1.047, 1.416] 0.011
1.296 [1.114, 1.508] <0.001
1.775 [1.528, 2.063] <0.001
<0.001

1.042 [1.035, 1.049] <0.001
1391 [1.319, 1.464] <0.001

Reference
1.213 [1.041, 1.413] 0.013
1.277 [1.098, 1.485] <0.001
1.700 [1.463, 1.976] <0.001
<0.001

Notes: Model |: no covariates were adjusted. Model 2: age, sex, BMI, smoking status and drinking status were adjusted. Model 3: Model 2 plus adjustment for SBP, DBP, ALT,
AST, TC, TG, HDL-C, and LDL-C. Model 4: Model 3 plus adjustment for Hyperlipidemia and Hypertension. Model 5: Model 4 plus adjustment for use of antiplatelet drugs,
Lipid-lowering drugs, diuretics, beta-blockers, and ACEIs/ARBs.

Abbreviations: SUA, serum uric acid; CHD, coronary heart disease; HR, hazard ratio; Cl, confidence interval.

First, participants were first classified as having hyperuricemia or normal SUA levels based on clinical criteria. The
hyperuricemia group exhibited a significantly higher diabetes risk (HR =2.385, 95% CI: 2.115-2.690) than the normal-
SUA group (Table 6). Further stratification by age, BMI, smoking status, alcohol consumption, hypertension, hyperli-
pidemia, and diuretic use consistently demonstrated a positive association between elevated SUA and diabetes risk across
most subgroups (Figure 7). Notably, this association appeared stronger in participants with BMI>24 kg/m* non-
smokers, and those with hypertension, hyperlipidemia, or diuretic use (Figure 7). These results suggest that such
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Figure 4 Kaplan-Meier cumulative risk curve for new-onset diabetes across the four groups.
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Table 3 Association Between SUA and New-Onset Diabetes in Patients with CHD, Stratified by Sex

Diabetes

Model |

Model 2

Model 3

Model 4

Model 5

HR (95% CI) P

HR (95% CI) P

HR (95% Cl) P

HR (95% CI) P

HR (95% CI) P

Female

SUA (per 10-umol/L increase)
SUA (per ISD increase)
Quartiles of SUA

Quartile |

Quartile 2

Quartile 3

Quartile 4

P for trend

Male

SUA (per 10-umol/L increase)
SUA (per ISD increase)
Quartiles of SUA

Quartile |

Quartile 2

Quartile 3

Quartile 4

P for trend

1.047 [1.038, 1.056] <0.001
1444 [1.348, 1.546] <0.001

Reference
1.324 [1.074, 1.633] 0.009
1.549 [1.260, 1.905] <0.001
1.976 [1.587, 2.461] <0.001
<0.001

1.052 [1.043, 1.061] <0.001
1.499 [1.399, 1.606] <0.001

Reference
1.216 [0.971, 1.524] 0.089
1.217 [0.980, 1.512] 0.075
1.790 [1.454, 2.204] <0.001
<0.001

1046 [1.036, 1.055] <0.001
1427 [1.326, 1.535] <0.001

Reference
1.303 [1.061, 1.602] 0.012
1.486 [1.203, 1.835] <0.001
1.937 [1.548, 2.424] <0.001
<0.001

1.052 [1.043, 1.061] <0.001
1.497 [1.398, 1.602] <0.001

Reference
1.138 [0.908, 1.426] 0.260
1.180 [0.955, 1.457] 0.125
1.717 [1.409, 2.092] <0.001
<0.001

1.045 [1.035, 1.056] <0.001
1423 [1.315, 1.541] <0.001

Reference
1.259 [1.024, 1.548] 0.029
1.366 [1.090, 1.713] 0.007
1.870 [1.476, 2.368] <0.001
<0.001

1.051 [1.042, 1.060] <0.001
1.485 [1.391, 1.586] <0.001

Reference
1.123 [0.895, 1.408] 0.317
1.178 [0.951, 1.459] 0.134
1.706 [1.393, 2.088] <0.001
<0.001

1040 [1.030, 1.050] <0.001
1.365 [1.263, 1.476] <0.001

Reference
1.248 [1.013, 1.538] 0.037
1.351 [1.082, 1.688] 0.008
1.783 [1.408, 2.258] <0.001
<0.001

1.045 [1.036, 1.054] <0.001
1.419 [1.325, 1.520] <0.001

Reference
1.113 [0.891, 1.390] 0.346
1.108 [0.891, 1.378] 0.357
1.633 [1.327, 2.010] <0.001
<0.001

1,032 [1.022, 1.042] <0.001
1282 [1.185, 1.388] <0.001

Reference
1.242 [1.004, 1.537] 0.046
1.338 [1.068, 1.677] 0.01 |
1.503 [1.182, 1.912] <0.001
<0.001

1.044 [1.035, 1.053] <0.001
1.408 [1.315, 1.507] <0.001

Reference
1.108 [0.888, 1.383] 0.363
1.102 [0.886, 1.369] 0.383
1.608 [1.306, 1.979] <0.001
<0.001

Notes: Model |: no covariates were adjusted. Model 2: age, sex, BMI, smoking status and drinking status were adjusted. Model 3: Model 2 plus adjustment for SBP, DBP, ALT,
AST, TC, TG, HDL-C, and LDL-C. Model 4: Model 3 plus adjustment for Hyperlipidemia and Hypertension. Model 5: Model 4 plus adjustment for use of antiplatelet drugs,
Lipid-lowering drugs, diuretics, beta-blockers, and ACEls/ARBs.

Abbreviations: SUA, serum uric acid; CHD, coronary heart disease; HR, hazard ratio; Cl, confidence interval.

populations may be more vulnerable to SUA-associated diabetes risk, highlighting the importance of monitoring and
maintaining lower SUA levels in these groups for diabetes prevention.

Predictive Performance of SUA for New-Onset Diabetes

To evaluate the predictive ability and clinical value of SUA for new-onset diabetes, a series of comparative analyses were
conducted. First, incremental predictive performance analysis showed that adding SUA to the basic model (Model 5)
significantly improved risk stratification. Specifically, the IDI and NRI increased by 0.003 (95% CI: 0.001-0.005) and

Log RR

%MM_WIWIIJWMMLP_L

100 200 300 400 500 600

SUA (umol/L)

Figure 5 Dose-response relationship between SUA and new-onset diabetes risk in patients with CHD Solid line represents the fitted curve between the variables. The area
between the dashed lines indicates the 95% confidence interval of the fitted result.
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Table 4 Association Between SUA and Risk of New-Onset
Diabetes Based on Threshold Grouping

Diabetes SUA
Inflection point (umol/L) 346.4
SUA <= 346.4 (per 10-umol/L increase) | 1.026 (1.017, 1.036) <0.001
SUA>346.4 (per 10-umol/L increase) 1.077 (1.066, 1.088) <0.001
The effect difference 1.049 (1.032, 1.066) <0.001
SUA <= 346.4 (per ISD increase) 1.228 (1.141, 1.323) <0.001
SUA>346.4 (per I1SD increase) 1.801 (1.660, 1.952) <0.001
The effect difference 1.465 (1.287, 1.668) <0.001
P for log-likelihood ratio test <0.001

Notes: Age, sex, BMI, smoking status, drinking status,SBP, DBP, ALT, AST, TC, TG,
HDL-C, LDL-C, Hyperlipidemia, Hypertension, antiplatelet drugs, Lipid-lowering
drugs, diuretics, beta-blockers, and ACEIs/ARBs were adjusted.

Abbreviations: SUA, serum uric acid; HR, hazard ratio; Cl, confidence interval.

0.033 (95% CI: 0.017-0.081), respectively (Table 7). Meanwhile, the C-index improved from 0.645 to 0.663, with an
increase of 0.018 after incorporating SUA (Table 7). To further assess SUA’s relative importance compared to other
variables in predicting diabetes risk, variable importance ranking was performed using the Boruta algorithm. The results
indicated that SUA was more important in predicting diabetes risk than traditional predictors (Figure 8).

Collectively, the results indicate that SUA serves as an independent predictor for incident diabetes in CHD patients,
underscoring its potential clinical utility.

Mediation Effect Between SUA and Diabetes
Mediation analyses were performed to explore potential mechanisms linking elevated SUA to incident diabetes.
According to the basic premise of mediation analysis, a mediating variable must show statistically significant associa-
tions with both the exposure factor (SUA) and the outcome (diabetes) to be considered valid.

Results showed that CRP, as an indicator of inflammatory status, significantly mediated the SUA—diabetes associa-
tion, accounting for 32.27% of the effect (P < 0.001) (Figure 9). Given that CRP may not fully capture systemic
inflammation and immune activity, we further evaluated the mediating roles of novel immune-inflammatory markers: the

A B

Log RR
Log RR

10 20 30 40 50 60 10 20 30 40 50 60

SUA (umol/L) SUA (umol/L)

Figure 6 Dose-response relationship between SUA and new-onset diabetes risk in patients with CHD, stratified by sex (A), Female; (B), Male Solid line represents the
fitted curve between the variables. The area between the dashed lines indicates the 95% confidence interval of the fitted result.
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Table 5 Association Between SUA and Risk of New-Onset
Diabetes According to Sex-Specific Threshold Groups

SUA <= 345 (per 10-umol/L increase)
SUA>345 (per 10-umol/L increase)
The effect difference

SUA <= 345 (per ISD increase)
SUA>345 (per ISD increase)

The effect difference

P for log-likelihood ratio test

Male

Inflection point (ng/dl)

SUA <= 350.5 (per 10-umol/L increase)
SUA>350.5 (per 10-umol/L increase)
The effect difference

SUA <= 350.5 (per ISD increase)
SUA>350.5 (per ISD increase)

The effect difference

Diabetes SUA
Female
Inflection point (umol/L) 345

1.035 (1.022, 1.050) <0.001

1.060 (1.044, 1.077) <0.001

1.024 (0.999, 1.049) 0.055

1.320 (1.185, 1.470) <0.001

1.591 (1.404, 1.804) <0.001

1.206 (0.996, 1.460) 0.055
<0.001

350.5
1,013 (1.001, 1.027) 0.049
1.095 (1.080, 1.111) <0.001
1,081 (1.056, 1.106) <0.001
1112 (1.001, 1.236) 0.049
2.064 (1.841, 2.313) <0.001
1.856 (1.541, 2.236) <0.001

P for log-likelihood ratio test <0.001

Notes: Age, sex, BMI, smoking status, drinking status,SBP, DBP, ALTAST, TC, TG,
HDL-C, LDL-C, Hyperlipidemia, Hypertension, antiplatelet drugs, Lipid-lowering
drugs, diuretics, beta-blockers, and ACEIs/ARBs were adjusted.

Abbreviations: SUA, serum uric acid; HR, hazard ratio; Cl, confidence interval.

Table 6 Association Between Hyperuricemia and New-Onset Diabetes Risk in Patients with CHD

Diabetes Model | Model 2 Model 3 Model 4 Model 5

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Normal SUA group Reference Reference Reference Reference Reference
Hyperuricemia 2.622 [2.335, 2.944] 2.581 [2.310, 2.883] 2.558 [2.269, 2.884] 2407 [2.137,2.711] 2.385 [2.115, 2.690]
group <0.001 <0.001 <0.001 <0.001 <0.001

Notes: Age, sex, BMI, smoking status, drinking status,SBP, DBP, ALTAST, TC, TG, HDL-C, LDL-C, Hyperlipidemia, Hypertension, antiplatelet drugs, Lipid-lowering drugs,
diuretics, beta-blockers, and ACEIs/ARBs were adjusted.
Abbreviations: SUA, serum uric acid; CHD, coronary heart disease; HR, hazard ratio; Cl, confidence interval.

aggregate index of systemic inflammation (AISI), systemic inflammatory response index (SIRI), and systemic immune-
inflammation index (SII). The results showed that all three markers also exhibited significant mediating effects, with
mediation proportions of 12.97% (P < 0.001), 5.82% (P = 0.020), and 3.68% (P = 0.025), respectively (Figure 9).

In conclusion, this study suggests that chronic hyperuricemia may activate inflammatory responses and immune
reactions in the body, and these inflammatory and immune states play a critical mediating role in the development of
diabetes induced by SUA. These findings provide important clues and research directions for further elucidating the
pathological mechanisms linking SUA to diabetes.

Discussion

Although SUA is a key end product of purine metabolism, its relationship with diabetes has often been overlooked. This
large, multicenter cohort study is the first to establish a clear and significant link between SUA levels and incident
diabetes in patients with CHD. The results show a clear correlation between elevated SUA and increased diabetes risk,
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Subgroup % HR (95% CI) Pvalue P for interaction

Age (years) SUA (per 1SD increase) 0.332

<=60 67.81 1.45 (1.31 t0 1.61) —e— <0.001

>60 32.19 1.55 (1.44 to 1.66) —o—i <0.001
BMI (kg/m?) <0.001

<=24 34.87 1.26 (1.12 to 1.40) —e— <0.001

>24 65.13 1.69 (1.57 to 1.83) —0— <0.001
Current smoking 0.028

No 78.75 1.57 (1.46 to 1.68) =0—1 <0.001

Yes 21.25 1.34 (1.19 to 1.51) —— <0.001
Current drinking 0.986

No 76.63 1.51 (1.41 to 1.62) —o— <0.001

Yes 23.37 1.51 (1.34 t0 1.70) —— <0.001
Hypertension <0.001

No 44.05 1.06 (0.94 to 1.20) +e— 0.300

Yes 55.95 1.62 (1.50 to 1.75) —o—i <0.001
Hyperlipidemia <0.001

No 53.09 1.09(1.00t0 1.18) +e— 0.046

Yes 46.91 1.98 (1.77 to 2.23) ——o—— <0.001
Diuretics <0.001

No 78.17 1.41 (1.31 to 1.51) —o— <0.001

Yes 21.83 1.89 (1.66 to 2.15) —e—— <0.001

0{9 1!5 1{8 é 2!2
HRs

Figure 7 Association between SUA and new-onset diabetes across various stratified analyses.

particularly when SUA exceeded 345 pmol/L in women and 350.5 pmol/L in men. Our findings indicate that SUA is
a critical risk factor for diabetes in CHD patients, especially in those with a BMI > 24 kg/mz, non-smokers, and those
with hypertension, hyperlipidemia, or diuretic use. Furthermore, mediation analysis identified inflammatory status as
a significant mediator of the SUA—diabetes association, offering mechanistic insight into this relationship. In conclusion,
this study provides a new perspective on preventing and managing diabetes in CHD patients, with important clinical
implications for improving prognosis and guiding personalized metabolic management strategies.

Diabetes is a widespread chronic systemic metabolic condition that involves multiple organ systems and can lead to
extensive tissue damage.'" " It not only causes vascular endothelial injury, laying a critical pathological foundation for
the development of atherosclerosis, but also contributes to dyslipidemia and promotes the formation of arterial
plaques.*®**° Additionally, diabetes-induced insulin resistance often coexists with a series of metabolic abnormalities,
such as hypertension, obesity, and hyperlipidemia.*'** These factors collectively exacerbate the progression of cardio-
vascular diseases and significantly increase mortality risk.*®*!** Patients with CHD already exhibit established vascular
damage and luminal stenosis. The coexistence of diabetes in such individuals leads to a synergistic worsening effect,
accelerating vascular deterioration, promoting plaque progression, and intensifying luminal obstruction.***
Consequently, this not only substantially increases the healthcare burden and impairs quality of life but also further
elevates the risk of mortality. Therefore, systematically identifying diabetes risk factors in patients with CHD and
implementing proactive interventions to reduce the likelihood of diabetes onset are critical clinical priorities.
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Table 7 Incremental Predictive Value of SUA for New-Onset Diabetes

IDI P-value Continuous NRI P-value C-index P-value
Estimate (95% CI) Estimate (95% CI)
Diabetes
Model 5 Reference Reference 0.645 (0.631,0.661) <0.001
Model 5+SUA 0.003 (0.001, 0.005) 0.003 0.033 (0.007, 0.081) <0.001 0.663 (0.645, 0.679) <0.001

Abbreviations: IDI, integrated discrimination improvement; NRI, net reclassification improvement; SUA, serum uric acid.

In recent years, increasing interest has focused on the role of SUA in diabetes pathogenesis. However, existing
evidence is mainly derived from specific populations or limited settings.***” For example, a Shanghai-based cohort
study of pregnant women identified a significant dose-response relationship between SUA levels and gestational diabetes
risk, which strengthened once SUA exceeded 300 pmol/L.*® Another single-center observational study from Fudan
University further indicated that elevated SUA before 24 weeks of gestation could predict subsequent gestational
diabetes, suggesting a potential intervention window prior to 18 weeks of pregnancy.*> Additionally, research on diabetes
complications has suggested that poorly controlled SUA may exacerbate the progression of microvascular complications,
such as diabetic retinopathy.*” A study in a Korean adult population also found a synergistic effect between SUA and
CRP in increasing diabetes risk, indirectly supporting the hypothesis that SUA influences glucose metabolism through

inflammatory pathways.**
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Figure 8 Variable importance ranking for predicting new-onset diabetes based on the Boruta algorithm.
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IE [HR (95%CI)]: [1.0888 (1.0708, 1.1038)]

CRP

Proportion of mediation: 32.27%
P <0.001

Frequency CVD
DE [HR (95%CI)]: [1.2292 (1.1613, 1.3051)]

IE [HR (95%CI)]: [1.0147 (1.0017, 1.0280)]

C

SIRI

Proportion of mediation: 5.82%
P=0.020

Frequency CVD

DE [HR (95%CI)]: [1.3130 (1.2207, 1.3706)]

IE [HR (95%CI)]: [1.0276 (1.0107, 1.0482)]

AISI

Proportion of mediation: 12.97%
P<0.001
Frequency CVD

DE [HR (95%CI)]: [1.2275 (1.1537, 1.3174)]
IE [HR (95%CI)]: [1.0103 (1.0009, 1.0188)]

D
sI

Proportion of mediation: 3.68%
P=10.025

Frequency CVD

DE [HR (95%CI)]: [1.3077 (1.2317, 1.3832)]

Figure 9 Mediation analysis of the association between SUA and new-onset diabetes (A), CRP; (B), AlSI; (C), SIRI; (D),SII.

However, previous studies have several limitations: they primarily focused on gestational diabetes mellitus, lacked
systematic investigation in high-risk cardiovascular populations, and were mainly single-center studies with limited
representativeness. They also provided insufficient analysis of gender and subgroup differences and lacked adequate
evidence on mechanistic pathways, particularly regarding inflammatory mediation. In contrast, through a large multi-
center cohort design, the present study is the first to systematically characterize the dose-response relationship between
SUA and incident diabetes in CHD patients, establishing sex-specific risk thresholds (>345 pmol/L in women,
>350.5 pmol/L in men). Moreover, mediation analysis provides empirical support for the critical role of systemic
inflammation as a mediator. Thus, this work not only addresses key gaps in prior research but also offers novel insights
for early diabetes prevention and management in the CHD population.

In patients with CHD, hyperuricemia may promote diabetes development through several interconnected pathophy-
siological pathways. The core pathways are outlined below: First, SUA contributes to insulin resistance and pancreatic -
cell dysfunction.*®***° It inhibits insulin signaling in peripheral tissues, reduces the membrane translocation of the
glucose transporter GLUT4, and impairs glucose uptake. Additionally, SUA directly damages B-cells, reducing insulin
synthesis and secretion.*®*’ Second, SUA also promotes chronic inflammation and immune dysregulation.’>>' Through
NLRP3 inflammasome activation, it induces the release of pro-inflammatory cytokines including IL-1p, IL-6, and TNF-a,
which disrupt insulin signaling and intensify insulin resistance.’*>*>> Consistently, our study found that both CRP and
composite inflammatory markers (AISI, SIRI, and SII) exhibited significant mediating effects in the development of
diabetes. These findings align well with previous basic research and continue to support the role of inflammation in the
development of diabetes in patients with CHD. Furthermore, SUA is associated with oxidative stress and endothelial
dysfunction.>'** It enhances reactive oxygen species production and reduces nitric oxide bioavailability, contributing
to vascular endothelial damage.>*>® Given the pre-existing vascular injury in CHD, this further aggravates glucose
metabolism disorders. Additionally, Diabetes and CHD share multiple common pathophysiological pathways at the

1.7 Meanwhile, the sympathetic nervous system plays an indispensable regulatory role in glucose home-

cellular leve
ostasis in patients with CHD, which may interact synergistically with SUA to increase the risk of diabetes.”® Finally,
SUA disrupts adipokine secretion by interfering with normal adipocyte function, decreasing adiponectin levels, increas-

ing leptin resistance, promoting visceral fat accumulation, and amplifying systemic inflammation and metabolic
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disturbances.’® ®' In summary, these mechanisms do not operate in isolation; instead, they interact and synergize,
collectively worsening insulin resistance and disrupting glucose homeostasis, ultimately significantly increasing the
risk of new-onset diabetes in patients with CHD.

The present study offers several strengths. Its multicenter cohort design and relatively large sample improve the
representativeness and generalizability of the findings. By focusing on the high-risk CHD population, systematic
subgroup analyses further identified individuals at heightened risk—such as those with elevated BMI, hypertension,
hyperlipidemia, or diuretic use—which is important for targeted screening and early clinical intervention. Additionally,
the robustness of the results was confirmed through multiple statistical approaches, and mediation analysis suggests
a potential inflammatory pathway underlying the SUA—diabetes association, offering direction for future mechanistic and
translational research.

Several limitations should also be noted. First, as an observational study, although temporal associations were
observed and major confounders were adjusted, causality between SUA and diabetes cannot be conclusively established.
Second, the analysis relied on baseline SUA measurements only; dynamic changes in SUA over follow-up were not
captured. Future studies should examine how SUA variability influences diabetes risk. Third, information on the use of
urate-lowering medications during follow-up was not collected, which may influence the interpretation of SUA levels.
Fourth, despite adjusting for a range of covariates, unmeasured confounding factors may still exist.

Conclusion

This study provides the first evidence that SUA level is an independent risk factor for incident diabetes in CHD patients,
exhibiting a clear dose-response relationship with sex-specific thresholds. Mediation analysis further indicates
a significant role of inflammation in mediating this association. These results underscore the value of integrating SUA
monitoring and management into CHD care, offering a new clinical approach for early diabetes prevention and improved
patient prognosis. However, as an observational cohort study, causality cannot be definitively established. Future
prospective mechanistic or interventional studies are necessary to confirm and further advance these findings.
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