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Abstract: Objectives: To investigate a non-linear relationship between serum vitamin D level and uric acid con-

centration and to evaluate the potential of vitamin D as a biomarker for inflammatory diseases such as hyperu-

ricemia. Methods: Using data from the Korea National Health and Nutrition Examination Survey (KNHANES), 

an analysis was conducted on 10,864 adults aged 19 years or more. Serum vitamin D levels were categorized 

into quartiles (Q1–Q4) for analysis. Their linear and non-linear relationships with uric acid concentrations were 

assessed using Pearson correlation analysis, analysis of variance (ANOVA), and restricted cubic spline regres-

sion. Confounding variables including age, sex, BMI, kidney function, chronic diseases, and macronutrient in-

take were adjusted for in the analysis. Results: In univariate analysis, a statistically significant but weak negative 

correlation was observed between serum vitamin D and uric acid levels (Pearson’s correlation coefficient: -0.089, 

p < 0.001). However, after adjusting for confounders, multivariate regression revealed a weak positive associa-

tion. Restricted cubic spline regression identified significant positive associations in lower quartiles (Q1–Q3), 

with the strongest effect observed in Q3 (beta-coefficient: 0.643, 95% CI: 0.09–1.20, p = 0.023). No significant as-

sociation was found in the highest quartile (Q4). Conclusions: Vitamin D and uric acid metabolism have a non-

linear relationship, particularly showing a positive association in vitamin D insufficiency (< 30 ng/mL). These 

findings support the potential of vitamin D as a biomarker for hyperuricemia and related inflammatory-meta-

bolic diseases. 

Keywords: serum 25(OH)D; serum uric acid; vitamin D insufficiency; inflammatory-metabolic diseases; bi-

omarker; LC-MS/MS; KNHANES; non-linear relationship 

 

1. Introduction 

Serum uric acid regulates inflammation and oxidative stress. It plays a critical role in chronic 

metabolic diseases such as cardiovascular disease, metabolic syndrome, obesity, and diabetes.[1–3] 

Vitamin D, known for its role in metabolic regulation, can also influence uric acid levels by reducing 

inflammatory responses, improving insulin sensitivity, mitigating oxidative damage, and modulat-

ing immune activity [4–6]. 

Emerging evidence has suggested a mutual influence between vitamin D and uric acid through 

shared mechanisms, including immune regulation and renal function.[7,8] Notably, vitamin D defi-

ciency can heighten pro-inflammatory cytokine production (IL-6, TNF-α), leading to kidney damage 

and uric acid buildup, while elevated uric acid can exacerbate inflammation via NLRP3 inflam-

masome activation, further impairing vitamin D metabolism.[9–11] However, prior studies investi-

gating their relationship have yielded inconsistent findings, including positive, negative, and non-

linear associations, due to variations in study design, population characteristics, and environmental 

factors [12–14]. While sufficient vitamin D levels are consistently linked to lower uric acid concentra-

tions, the relationship under insufficiency conditions remains unclear and varies significantly across 

studies [13,15]. Recent meta-analyses have suggested a potential bidirectional relationship between 

vitamin D and uric acid, [16,17] highlighting the complexity of their interplay and the involvement 

of multifaceted physiological mechanisms. 
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South Korea has relatively low average vitamin D levels due to limited sunlight exposure and 

an indoor-centered lifestyle.[18–20] This presents a unique opportunity to investigate the relationship 

between vitamin D and uric acid in a population with a high prevalence of vitamin D insufficiency, 

helping to clarify conflicting findings from previous studies and providing a deeper understanding 

of their association. Furthermore, these findings could offer valuable insights into chronic disease 

risk prediction and management strategies in populations worldwide with similar environmental 

and lifestyle characteristics. 

This study aligns with ongoing efforts to standardize vitamin D measurement and investigates 

its potential role as a biomarker in inflammatory-based diseases. Using standardized serum 25-hy-

droxyvitamin D (25(OH)D) data obtained through LC-MS/MS methods from the Korea National 

Health and Nutrition Examination Survey (KNHANES), this study aimed to investigate a non-linear 

relationship between serum vitamin D level and uric acid concentration and to evaluate the potential 

of vitamin D as a biomarker for inflammatory diseases such as hyperuricemia. It provides consistent 

insights into the association between serum uric acid levels and vitamin D status. By addressing in-

consistencies caused by non-standardized measurements in previous studies, this research offers a 

robust perspective on the relationship between vitamin D and uric acid while exploring whether this 

interaction follows a linear or non-linear pattern. Key factors such as age, sex, BMI, and kidney func-

tion are also considered, underscoring the potential of vitamin D as a biomarker in managing inflam-

matory and metabolic diseases. 

2. Materials and Methods 

2.1. Study Population 

This study used data from the Korea National Health and Nutrition Examination Survey 

(KNHANES) to explore the relationship between serum vitamin D levels and serum uric acid con-

centrations. Conducted annually by the Korea Disease Control and Prevention Agency (KDCA), 

KNHANES employs a sampling framework representative of the Korean population aged one year 

or more, capturing diverse demographic characteristics. Internationally recognized for its reliable 

data, KNHANES standardizes its 25(OH)D analysis to the liquid chromatography-tandem mass 

spectrometry (LC-MS/MS) method starting from the 9th survey cycle (2022–2023), improving accu-

racy and global comparability. Since the methodology for serum vitamin D analysis was revised in 

the 9th cycle, results are not directly comparable with earlier cycles. Therefore, this study focused on 

data from the first two years of the 9th cycle (2022–2023), which included measurements of serum 

vitamin D and uric acid. The analysis was restricted to adults aged 19 years or more. Participants 

with missing key data such as age, sex, serum uric acid, or vitamin D levels were excluded to maintain 

the integrity of the dataset while preserving sample size. After applying these exclusion criteria, a 

total of 10,864 participants were included in the final analysis (Figure 1). All participants in the 2022 

and 2023 KNHANES provided written informed consent prior to participation. This study adhered 

to the principles of the Declaration of Helsinki. Since the KNHANES datasets are publicly available, 

anonymized, and de-identified, this secondary analysis was exempt from Institutional Review Board 

approval (IRB Approval Number: AJOUIRB-EX-2024-629). 

2.2. Clinical and Laboratory Variables 

Serum 25-hydroxyvitaminD [25(OH)D2 and 25(OH)D3] and serum uric acid concentrations 

were extracted separately from the KNHANES database. Total serum 25-hydroxyvitamin D 

[25(OH)D] concentration was calculated as the sum of 25(OH)D2 and 25(OH)D3. Demographic vari-

ables included age (years) and sex (male or female). Anthropometric measures comprised body mass 

index (BMI, kg/m²), waist circumference (WC, cm), and blood pressure levels [systolic (SBP, mmHg) 

and diastolic (DBP, mmHg)]. Medical variables encompassed the prevalence of hypertension, diabe-

tes, and dyslipidemia determined via questionnaire-based responses. Laboratory markers measured 

in a fasting state included glycemic indices (fasting glucose), glycated hemoglobin (HbA1c), lipid 

profiles (total cholesterol, triglycerides, low-density lipoprotein cholesterol [LDL-C], and high-den-

sity lipoprotein cholesterol [HDL-C]), kidney function (creatinine [Cr]), and inflammatory markers 

(high-sensitivity C-reactive protein [hs-CRP, mg/L]). Lifestyle variables comprised monthly alcohol 

consumption frequency and daily nutrient intake, including protein (g/day), carbohydrates (g/day), 

and fat (g/day). 
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2.3. Statistics 

Various statistical methods were employed to analyze the relationship between serum total 25-

hydroxyvitamin D (25(OH)D) levels and serum uric acid concentrations. A scatterplot was generated 

to visualize the relationship between serum total 25(OH)D levels and serum uric acid concentrations. 

Pearson’s correlation coefficient (PCC) was calculated to assess the linear association between the 

two variables. Serum total 25(OH)D levels were categorized into quartiles (Q1–Q4). One-way analy-

sis of variance (ANOVA) was performed to evaluate differences in mean uric acid levels across quar-

tile groups. Post-hoc pairwise comparisons were conducted using the Bonferroni adjustment and a 

p-value of < 0.05 was considered statistically significant. Multivariate linear regression analysis was 

conducted to control for potential confounding variables, including age, sex, BMI, dietary intake, and 

other clinical factors. Serum uric acid concentration was set as the dependent variable. Serum total 

25(OH)D concentration was used as the independent variable. Restricted cubic spline regression was 

applied to evaluate the nonlinear relationship between serum total 25(OH)D levels and serum uric 

acid concentrations. This analysis accounted for potential confounding variables, including age, sex, 

BMI, dietary intake, and clinical factors, while exploring variable change patterns across specific in-

tervals. Sampling weights were applied to ensure that findings could be representative of the Korean 

population, accounting for the complex survey design. All analyses were conducted using R software 

(version 4.4.2). 

3. Results 

3.1. Baseline Characteristics 

Baseline characteristics according to serum total 25-hydroxyvitamin D (25(OH)D) level quartile 

are presented in Table 1, providing an overview of demographic, clinical, and biochemical parame-

ters categorized by vitamin D quartile. As serum total 25(OH)D concentrations increased, trends to-

ward an older age, a greater proportion of female participants, an elevated systolic blood pressure, 

increased prevalence of hypertension and diabetes, dyslipidemia, and a higher HbA1c level were 

observed. In contrast, trends toward lower BMI, waist circumference (WC), triglyceride levels, LDL-

C levels, serum uric acid levels, and monthly alcohol consumption (defined as ≥ 1 drink/month) were 

observed with higher serum total 25(OH)D concentrations. No significant correlation of serum total 

25(OH)D concentration with high-sensitivity C-reactive protein (hs-CRP) level was found. One-way 

ANOVA revealed significant differences in mean uric acid levels among quartiles (p-value < 0.001; 

Table 1). This indicates that higher serum total 25(OH)D concentrations are associated with lower 

uric acid levels. Bonferroni-adjusted post-hoc comparisons revealed significantly lower uric acid lev-

els in Q4 (4.91 ± 0.03 mg/dL) than in Q1–Q3 (5.22 ± 0.05 mg/dL). This finding was based on a weighted 

analysis, which adjusted for sampling bias. It differed slightly from the unweighted analysis pre-

sented in Table 1. These trends suggest that higher serum total 25(OH)D concentrations are associated 

with favorable metabolic profiles. 
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Figure 1. Flowchart of participant selection. This figure outlines the selection process for study participants from 

the 9th KNHANES (2022–2023), starting with 13,194 individuals. After excluding those with missing data (serum 

uric acid or 25(OH)D levels), 11,743 participants remained. Applying the age criterion (19–80 years) further re-

duced the sample to 10,864 participants, who were included in the final analysis. 

Table 1. Baseline characteristics of participants by the quartile of serum †25(OH)D. 

Variable 
Total 

(N= 10,864) 

Quartiles of serum †25(OH)D levels (ng/ml) P. value 

Q1 (N=2,718) 

(2.82–15.96) 

Q2 (N=2,715) 

(15.96–23.21) 

Q3(N=2,716) 

(23.21–30.94) 

Q4(N=2,715) 

(30.94 -128.46) 
 

Age (years) 53.56 ± 16.88 46.44 ± 0.34a 51.61 ± 0.32b 55.75 ± 0.3c 60.47 ± 0.27d <0.001 

Male (n,%) * 4736 (43.59%) 1255 (46.17%) 1332 (49.06%) 1265 (46.58%) 884 (32.56%) <0.001 

BMI (kg/m2) 24.07 ± 3.72 24.32 ± 0.08a 24.35 ± 0.07 24.1 ± 0.07 b 23.5 ± 0.06b <0.001 

WC (cm) 84.04 ± 10.8 84.13 ± 0.23a 84.81 ± 0.21 84.39 ± 0.19 82.85 ± 0.19b <0.001 

SBP (mmHg) 119.6 ± 16.04 118.4 ± 0.31a 119.39 ± 0.31a 120.09 ± 0.3 120.52 ± 0.31b <0.001 

DBP (mmHg) 73.95 ± 9.59 73.8 ± 0.19 74.26 ± 0.19 74.13 ± 0.18 73.6 ± 0.18 0.048 

Hypertension status 

(n,%) * 
2927 (26.94%) 531 (19.54%) 672 (24.75%) 784 (28.88%) 940 (34.62%) <0.001 

Dyslipidemia status 

(n,%) * 
2518 (23.18%) 431 (15.86%) 540 (19.89%) 641 (23.61%) 906 (33.37%) <0.001 

Diabetes status 

(n,%) * 
1278 (11.76%) 261 (9.6%) 307 (11.31%) 303 (11.16%) 407 (14.99%) <0.001 

≥1drink/month  

(n,%) * 
5466 (51.01%) 1511 (56.38%) 1465 (54.5%) 1398 (52.3%) 1092 (40.82%) <0.001 

Glucose (mg/dL) 101.21 ± 23.09 101.04 ± 0.49 101.53 ± 0.47 101.55 ± 0.43 100.73 ± 0.38 0.492 

HbA1c (%) 5.63 ± 0.79 5.56 ± 0.02a 5.64 ± 0.02a 5.63 ± 0.01 5.69 ± 0.01b <0.001 

T. chol (mg/dL) 186.38 ± 40.46 186.31 ± 0.76 187.31 ± 0.76 186.71 ± 0.78 185.18 ± 0.81 0.262 

HDL-c (mg/dL) 57.21 ± 15.49 56.11 ± 0.3a 56 ± 0.29 56.84 ± 0.29a 59.9 ± 0.31b <0.001 

Triglycerides 

(mg/dL) 
126.76 ± 96.14 131.99 ± 1.99 a 130.52 ± 1.82a 126.85 ± 2.05 117.68 ± 1.46b <0.001 

LDL-c (mg/dL) 113 ± 36.79 113.36 ± 0.69a 114.76 ± 0.7a 113.63 ± 0.71 110.24 ± 0.72b <0.001 

Creatinine (mg/dL) 0.8 ± 0.24 0.79 ± 0 a 0.81 ± 0.01b 0.8 ± 0 0.79 ± 0 0.002 

Uric acid (mg/dL) 4.98 ± 1.4 5.04 ± 0.03a 5.13 ± 0.03 a 4.98 ± 0.03 4.79 ± 0.03b <0.001 

Hs-CRP (mg/L) 1.5 ± 4.61 1.47 ± 0.08 1.46 ± 0.08 1.49 ± 0.08 1.55 ± 0.11 0.916 

Carbohydrate 

Intake (g/day) 
255.96 ± 108 254.86 ± 2.16a 260.75 ± 2.07b 259.41 ± 2.04 248.92 ± 2.01a <0.001 

Fat intake (g/day) 46.8 ± 33.31 48.51 ± 0.67a 48.59 ± 0.68a 46.81 ± 0.63a 43.33 ± 0.58b <0.001 

Protein intake 

(g/day) 
67.39 ± 34.55 67.03 ± 0.67a 69.34 ± 0.71b 68.6 ± 0.65 64.64 ± 0.62a <0.001 

†25(OH)D 24.46 ± 11.35 11.8 ± 0.05 19.58 ± 0.04 26.88 ± 0.04 39.58 ± 0.17 <0.001 

25(OH)D2 0.3 ± 0.68 0.26 ± 0.01 0.35 ± 0.01 0.31 ± 0.01 0.27 ± 0.02 <0.001 

25(OH)D3 24.16 ± 11.38 11.54 ± 0.05 19.24 ± 0.04 26.57 ± 0.04 39.32 ± 0.17 <0.001 
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† 25(OH)D concentrations were calculated as the sum of serum 25(OH)D2 and 25(OH)D3 values. Data are pre-

sented as means ± standard deviations or as the number of subjects (percentage). * Categorical variables were ana-

lyzed using the Chi-square test, while continuous variables were analyzed using ANOVA to calculate p-values. abcd 

Different superscript letters denote significant differences between groups (Bonferroni-adjusted p < 0.05). 

3.2. Linear Correlation Analysis 

A scatterplot revealed a weak negative correlation between serum 25(OH)D level and uric acid 

concentration (Pearson’s correlation coefficient [PCC]: -0.089, p < 0.001; Figure 2). This finding sug-

gests that higher serum 25(OH)D levels might be associated with slightly lower uric acid concentra-

tions. However, the correlation strength is minimal and likely influenced by additional factors. In 

contrast, multivariate analysis using weighted data demonstrated that this relationship was not sig-

nificant after adjusting for age and sex (Model 1, Table 2). When BMI was added to the adjustment 

(Model 2, Table 2), a significant but very weak positive correlation emerged, differing from the initial 

negative trend observed in the scatterplot. Further adjustments of age, sex, BMI, alcohol use, creati-

nine, chronic disease status (hypertension and diabetes), and lipid profiles (HDL-c, TG, LDL-c) in 

Model 3 showed a significant p-value, but the correlation was still very weak and positive. These 

findings underscore the complexity of the association between serum 25(OH)D and uric acid levels 

and highlight the importance of accounting for confounding variables in such analyses. 

 

Figure 2. Weighted scatter plot with regression line for serum 25(OH)D vs. serum uric acid. The red line repre-

sents the linear regression model, accounting for sampling bias with applied weights. Pearson’s correlation co-

efficient (PCC) was -0.089 (p-value < 0.001). Data points are scaled according to sampling weights. 

Table 2. Multiple regression analysis of serum †25(OH)D and serum uric acid levels. 

Model Adjusted variables Beta coefficient P-value R-squared 

Model1 Age; Sex 0.0017 0.127 0.281 

Model2 Age; Sex; BMI 0.0051 < 0.001 0.338 

Model3 

Age; Sex; BMI; Alcohol Use; Cr; 

Chronic Disease (HTN, DM); Nutri-

tional Intake (Carbohydrate, Fat, Pro-

tein); Lipid Levels (HDL-c, TG, LDL-

c) 

0.0042 < 0.001 0.390 

† 25(OH)D concentrations were calculated as the sum of serum 25(OH)D2 and 25(OH)D3 values. All analyses 

were conducted using sampling weights to ensure representativeness of the study population. 
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3.3. Non-Linear Analysis 

Based on these findings, a potential non-linear relationship between serum 25(OH)D level and 

uric acid concentration was hypothesized. Among regression models, Model 3 demonstrated the 

highest explanatory power (Table 2). Thus, it was considered the most appropriate for this analysis. 

Restricted cubic spline regression was performed using weighted data, adjusting for covariates in 

Model 3, including age, sex, BMI, alcohol use, creatinine, chronic disease status (hypertension, dia-

betes, and dyslipidemia), nutritional intake (carbohydrates, fats, and proteins), and lipid levels (HDL-

c, TG, LDL-c). The analysis revealed significant positive associations in quartiles Q1 (< 15.96 ng/mL), 

Q2 (15.96–23.21 ng/mL), and Q3 (23.21–30.94 ng/mL), with the strongest association observed in Q3 

(beta-coefficient: 0.643, 95% CI: 0.09–1.20, p = 0.023; Table 3; Figure 3). In contrast, Q4 (> 30.94 ng/mL) 

showed no statistically significant association of serum 25(OH)D level with uric acid concentration 

(beta-coefficient: 0.186, 95% CI: -0.82–1.19, p = 0.716). Since 25(OH)D3 is the predominant form of 

total 25(OH)D and primarily responsible for vitamin D’s biological activity and physiological effects, 

an additional analysis focusing on serum 25(OH)D3 levels was conducted. The restricted cubic spline 

regression for serum 25(OH)D3 after adjusting for the same covariates as in the total 25(OH)D anal-

ysis revealed significant positive associations of serum 25(OH)D3 levels with uric acid concentrations 

in quartiles Q1 (< 15.62 ng/mL), Q2 (15.62–22.88 ng/mL), and Q3 (22.88–30.62 ng/mL), with the strong-

est association observed in Q3 (beta-coefficient: 0.598, 95% CI: 0.05–1.15, p = 0.033; Table 4). In con-

trast, Q4 (> 30.62 ng/mL) showed a positive trend (beta-coefficient: 0.203, 95% CI: -0.79–1.20; Table 4) 

that did not reach statistical significance (p = 0.691). These findings aligned with those observed for 

total 25(OH)D. This suggests that 25(OH)D3 is the primary driver of observed relationships. 

Table 3. Nonlinear regression results for serum †25(OH)D quartiles. 

Quartile Range (ng/ml) Coefficient Standard Error P-value 

Q1 (1st quartile) <15.96 0.201 0.078 0.010 

Q2 (2nd quartile) 15.96–23.21 0.377 0.125 0.003 

Q3 (3rd quartile) 23.21–30.94 0.643 0.283 0.023 

Q4 (4th quartile) >30.94 0.186 0.512 0.716 

† 25(OH)D concentrations were calculated as the sum of serum 25(OH)D2 and 25(OH)D3 values. All analyses 

were conducted using sampling weights to ensure representativeness of the study population. Adjusted varia-

bles included age, sex, BMI, alcohol use (monthly), creatinine (Cr), chronic disease (hypertension, diabetes), nu-

tritional intake (carbohydrate, fat, protein), and lipid levels (HDL-c, TG, LDL-c). 

Table 4. Nonlinear regression results for serum 25(OH)D3 quartiles. 

Quartile Range (ng/ml) Coefficient Standard Error P-value 

Q1 (1st quartile) < 15.62 0.182 0.076 0.017 

Q2 (2nd quartile) 15.62–22.88 0.361 0.125 0.004 

Q3 (3rd quartile) 22.88–30.62 0.598 0.280 0.033 

Q4 (4th quartile) > 30.62 0.203 0.511 0.691 

All analyses were conducted using sampling weights to ensure representativeness of the study population. Ad-

justed variables included age, sex, BMI, alcohol use (monthly), creatinine (Cr), chronic disease (hypertension, 

diabetes), nutritional intake (carbohydrate, fat, protein), and lipid levels (HDL-c, TG, LDL-c). 
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Figure 3. Spline regression analysis of serum 25(OH)D and serum uric acid with confidence intervals. The curve 

represents the restricted cubic spline regression model, with shaded areas indicating 95% confidence intervals. 

Red vertical lines divide quartiles (Q1: < 15.96 ng/mL, Q2: 15.96–23.21 ng/mL, Q3: 23.21–30.94 ng/mL, Q4: > 30.94 

ng/mL) of serum 25(OH)D concentrations. This figure provides a visual representation of the results presented 

in Table 3. 

4. Discussion 

This study was based on data from the Korea National Health and Nutrition Examination Sur-

vey (KNHANES), where serum 25-hydroxyvitamin D [25(OH)D] levels were analyzed using the 

standardized liquid chromatography-tandem mass spectrometry (LC-MS/MS) method. ANOVA af-

ter dividing participants into quartiles based on serum vitamin D levels showed that Q4 (serum vit-

amin D > 30 ng/mL) had significantly lower BMI, waist circumference, triglycerides, LDL-C, and uric 

acid levels than lower quartiles. A weak negative correlation between vitamin D and uric acid was 

observed in the overall scatterplot, supporting the hypothesis that vitamin D would have anti-inflam-

matory and metabolic regulatory effects. However, multivariate regression analysis after adjusting 

for confounders revealed a weak positive correlation, suggesting that factors such as BMI, age, and 

sex might influence this relationship and point to more complex mechanisms. Further restricted cubic 

spline regression confirmed significant positive associations between 25(OH)D and uric acid in lower 

to middle quartiles, with no significant association in Q4. Similar trends were observed in the analysis 

of 25(OH)D3, a major metabolite of vitamin D. This pattern suggests that the association between 

vitamin D and uric acid metabolism can vary depending on the concentration of vitamin D, with 

distinct metabolic impacts in insufficiency (< 30 ng/mL) and sufficiency (≥ 30 ng/mL) ranges. 

Previous studies have explored the association between serum vitamin D level and uric acid 

concentration across diverse populations, emphasizing the complexity and variability of this rela-

tionship. For instance, the U.S. National Health and Nutrition Examination Survey (NHANES) using 

standardized LC-MS/MS methods to analyze serum 25(OH)D has found that individuals in the low-

est quartile of vitamin D levels have a 46% higher risk of hyperuricemia compared to those in the 

highest quartile.[15] Meanwhile, another cross-sectional study of the general Chinese population em-

ploying LC-MS/MS has observed a non-linear, inverted U-shaped association between serum 

25(OH)D and uric acid concentrations.[21] Additionally, a recent meta-analysis synthesizing existing 

evidence has highlighted significant heterogeneity in results across studies, largely attributed to dif-

ferences in vitamin D measurement methods.[16] 

According to current research, explaining the effect of vitamin D on hyperuricemia through a 

simple linear relationship is challenging. This complexity appears to stem from intricate interactions 

between serum vitamin D and uric acid known to be influenced by factors such as renal function, 

hormonal regulation, inflammation, oxidative stress, and genetic predispositions.[7,22] Furthermore, 
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the lack of standardized methods for measuring vitamin D has been a significant obstacle to achieving 

consistent research findings.[16,23]. 

Vitamin D may exert its anti-inflammatory effects by suppressing pro-inflammatory cytokines 

such as interleukin-6 (IL-6) and C-reactive protein (CRP), which can help stabilize purine metabolism 

and potentially reduce uric acid production.[24,25] Additionally, it has been suggested that vitamin 

D might indirectly regulate enzymes such as xanthine oxidase, contributing to uric acid homeosta-

sis.[26] In kidneys, vitamin D can reduce the expression of urate transporter 1 (URAT1), a key protein 

involved in uric acid reabsorption, while enhancing the activity of ATP-binding cassette subfamily G 

member 2 (ABCG2) and sodium-phosphate cotransporter types 1 and 4 (NPT1/4) to facilitate uric 

acid excretion.[27,28] These combined mechanisms suggest that vitamin D can lower uric acid levels 

through its anti-inflammatory properties and metabolic regulatory effects. 

However, the impact of vitamin D on uric acid levels within the insufficient range has not been 

thoroughly discussed in previous studies. Our study confirmed a non-linear relationship between 

vitamin D and uric acid, revealing a positive correlation in the insufficient range. Several mechanisms 

might explain this observation. Uric acid, the final product of purine metabolism, is generated during 

normal cellular processes. It functions as an antioxidant, neutralizing reactive oxygen species (ROS) 

and alleviating oxidative stress.[29,30] In a vitamin D-deficient state, oxidative stress may increase, 

potentially triggering compensatory activation of purine metabolism, which can result in higher uric 

acid production.[9,17] Furthermore, vitamin D deficiency is associated with elevated parathyroid 

hormone (PTH) levels, which may cause kidneys to prioritize calcium-phosphate balance over uric 

acid excretion.[31,32] Elevated PTH levels can affect uric acid homeostasis by increasing renal uric 

acid reabsorption.[33,34] Conversely, sufficient vitamin D levels can reduce PTH, which may pro-

mote uric acid excretion pathways mediated by transporters such as ABCG2 and GLUT9 (glucose 

transporter type 9) while potentially modulating uric acid reabsorption.[35,36] Therefore, in vitamin 

D-insufficient individuals, increased vitamin D levels may initiate a compensatory metabolic re-

sponse, potentially promoting continued accumulation of uric acid rather than promoting uric acid 

clearance. Additionally, elevated parathyroid hormone (PTH) levels may further impair renal uric 

acid excretion, further exacerbating these effects. These findings suggest that vitamin D plays a role 

in uric acid metabolism, with its effects varying depending on insufficiency and sufficiency 

states.[16,22] Our study’s strength lies in elucidating the non-linear association between vitamin D 

and uric acid metabolism, providing new insights into this complex relationship. Furthermore, the 

use of standardized LC-MS/MS data and a large, nationally representative cohort enhanced the ro-

bustness and generalizability of our findings. 

Despite its strengths, this study has several limitations. First, the cross-sectional design pre-

cludes causal inferences, making it unclear whether vitamin D could directly influence uric acid lev-

els or if the relationship is bidirectional. Second, residual confounding cannot be ruled out despite 

adjustments for multiple factors, as unmeasured variables such as physical activity, dietary purine 

intake, or genetic polymorphisms might have influenced our results. Third, vitamin D levels were 

measured at a single time point, which might reflect seasonal variations rather than long-term sta-

tus.[37] Lastly, while non-linear patterns were identified, the underlying biological mechanisms re-

main speculative and require further exploration. Therefore, future research should focus on eluci-

dating the molecular mechanisms underlying the relationship between vitamin D and uric acid. This 

includes investigating roles of vitamin D receptors (VDR), urate transporters, inflammatory cyto-

kines, and oxidative stress pathways. Additionally, longitudinal studies with repeated measure-

ments of vitamin D and uric acid levels are essential for understanding their interactions and tem-

poral dynamics. Randomized controlled trials (RCTs) are indispensable for evaluating effects of vit-

amin D supplementation on uric acid levels and metabolic outcomes. These studies will help us val-

idate current findings and provide clearer insights into the role of vitamin D as a biomarker. 

5. Conclusions 

This study revealed a non-linear relationship between serum vitamin D level and uric acid con-

centration, highlighting differing metabolic effects in states of vitamin D insufficiency (< 30 ng/mL) 

compared to sufficiency (≥ 30 ng/mL). By utilizing standardized LC-MS/MS data, this research pro-

vides a clearer understanding of the intricate interplay between vitamin D and uric acid metabolism. 
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