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Abstract

Backgroud The relationship between serum uric acid (SUA) and 25-hydroxyvitamin D (25(OH)D) has been variably
characterized in existing literature, with inconsistent results regarding its nature and implications in the Chinese popu-
lation. This study aims to clarify this association, considering the potential impact of vitamin D levels on SUA.

Methods This cross-sectional study involved 7,086 individuals from the Second Affiliated Hospital of Zhejiang Univer-
sity School of Medicine, screened throughout 2020. We collected data on 25(0OH)D, SUA, and other metabolic markers.

(odds ratio: 0.9616, p=0.0164).

Logistic regression models adjusted for confounding factors were utilized to analyze the relationships.

Results Our findings illustrate a statistically significant inverted U-shaped relationship between 25(0OH)D
and SUA. The identified threshold effect at 28.82 ng/ml is pivotal; with 25(OH)D levels below this point associated
with an increased risk of hyperuricemia (odds ratio: 1.0146, p=0.0148), and levels above it offering protective benefits

Conclusions Our findings confirm a nonlinear, inverted U-shaped correlation between 25(0H)D and SUA, empha-
sizing the importance of maintaining vitamin D levels within a specific range to effectively manage hyperuricemia.
These results support the implementation of personalized vitamin D supplementation strategies to optimize meta-
bolic health outcomes, highlighting the complex interplay between vitamin D status and uric acid levels.
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Introduction

Hyperuricemia has become a major public health prob-
lem in China. A Meta-analysis showed that the preva-
lence of hyperuricemia in Chinese adults was estimated
to be 13.3% [1]. Elevated levels of serum uric acid (SUA)
can lead to gout and are associated with increased risk
of various metabolic disorders, including hypertension,
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diabetes, chronic kidney disease, and cardiovascular and
cerebrovascular diseases [2]. Contrarily, some studies
suggest that high SUA levels may protect against osteo-
porosis, indicating complex roles in human health [3, 4].

Vitamin D, a fat-soluble vitamin essential for calcium
and phosphorus metabolism, is produced through skin
exposure to sunlight and can also be ingested from die-
tary sources [5]. Insufficient levels of vitamin D are linked
to numerous skeletal and chronic diseases, suggesting a
multifaceted role in overall health maintenance [6-9].
Recent genome-wide association studies (GWAS) have
indicated potential shared pathways between vitamin D
metabolism and SUA regulation [10], yet the exact nature
of their relationship remains poorly understood.
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Therefore, interactions between vitamin D deficiency
and hyperuricemia could have significant public health
implications. Serum 25-Hydroxyvitamin D (25(OH)
D) is considered the most stable and reliable indicator
of vitamin D status [11]. Although several studies have
suggested a mutual association between 25(OH)D lev-
els and hyperuricemia, this relationship remains poorly
defined and controversial [11-13]. A systematic review
and meta-analysis have further supported the significant
association between 25(OH)D levels and SUA, highlight-
ing the need for detailed investigation into their interac-
tion [14]. The nature of the correlation—whether simple
and linear or more complex—deserves thorough inves-
tigation given the potential shared metabolic pathways
between vitamin D and SUA.

To date, few studies have explored the relationship
between serum uric acid (SUA) and vitamin D within the
Chinese population. Our study aims to bridge this gap by
employing logistic regression analysis in various models
to examine and clarify the specifics of this association.

Materials and methods

Study population

In this study, 88618 residents undergone physical exami-
nations at the Health Management Center of Second
Affiliated Hospital of Zhejiang University School of
Medicine, whom were enrolled from January to Decem-
ber, 2020. All subjects are >18 years old. Of 88,618
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subjects, 7482 had UA and vitamin D data. We excluded
those who lacked history of person and present illness
(n=260), and had gouty arthritis (#=50), chronic kidney
disease (n=14), pregnancy (n=4) as well as anti-osteo-
porosis drug usage (n=68). Ultimately, 7086 subjects
were recruited in this study. The flow chart of the screen-
ing process was shown in Fig. 1. All participants provided
informed consent. The study was approved by the ethics
committee of local hospital.

Data collection

All subjects were recorded in details for age, gender, and
body mass index (BMI). Afterwards, serum was extracted
and further used for biochemical analysis.

Laboratory measurements

Biochemical parameters, including SUA, total choles-
terol (TC), triglycerides (TG), fasting plasma glucose
(FPG), low-density lipoprotein (LDL), high-density lipo-
protein (HDL), alanine transaminase (ALT), aspertate
aminotransferase (AST) were determined via automated
chemistry analyzer (Beckman/Power Processer Automa-
tion). Glycated hemoglobin Alc (HbAlc) was measured
using high-performance liquid chromatography (HLC-
732@G8). Hyperuricemia was defined by SUA >420pmol/L
in adult men and >360umol/L in adult women [15].
Serum 25(OH)D measurement was performed using
LC-MS/MS (Waters Xevo TQD). Vitamin D deficiency

(n=88618)

Subjects with physical examination in 2020

without UA and vitamin D data

(n=81136)

(n=7482)

Subjects with UA and vitamin D
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Fig. 1 Flowchart of this study. We totally collected 88,618 subjects. After excluding participants who without missing data or with specific states,

ultimately, 7086 subjects were included
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was defined as a 25(OH)D <20ng/mL, insufficiency as
21-29ng/mL and sufficiency as at least 30ng/mL [16]. All
methods were performed in accordance with the relevant
guidelines and regulations.

Statistical analysis
Statistical analysis was conducted via Empower-Stats
(www.empowerstats.com, X&Y Solutions, Inc., Bos-
ton, MA) and the statistical software package R (http://
www.R-project.org, The R Foundation). Continuous vari-
ables that followed a normal distribution were expressed
as the mean +standard deviation (SD), and those that
were not normally distributed were expressed as the
median (quartile 1-quartile 3). Categorical variables were
expressed as the frequency (percentage). The one-way
ANOVA and chi-square test were employed as appropri-
ate to evaluate the difference between hyperuricemia and
non-hyperuricemia individuals. Results were considered
statistically significant at a two-tailed P value of <0.05.
The independent risk factors for hyperuricemia were
determined via establishing univariate and multivari-
ate logistics models. We selected these confounders on
the basis of their associations with the HUA or a change
in effect estimate of more than 10% [17]. A correlation
matrix was used to assess the collinearity of all explana-
tory variables. Collinearity between variables was tested
using the variance inflation factor (VIF) based on a multi-
ple regression model [18]. The variables with VIF > 5 were
considered to exhibit collinearity. Three different models
were built: Model 1, with no adjustment for covariates;
Model 2, adjusted for gender, age, drinking and smoking;
and Model 3, adjusted for gender, age, drinking, smoking,
HBP, BMI, AST, GLU, CR, TG, LDL, HbAlc and insulin.
To explore the nonlinear association between 25(OH)
D and HUA, 25(OH)D of continuous independent vari-
able was transformed into categorical variable based
on tertiles. Moreover, we used a generalized additive
model(GAM) to identify the nonlinear relationship
between 25(OH)D and HUA. If the nonlinear relation-
ship was found, the piece-wise linear regression model
compute the threshold effect of 25(OH)D and HUA by
the smoothing plot. Furthermore, the subgroup analy-
sis were conducted and stratified via age, hypertension,
sex, drinking, smoking, BMI, AST, Glu, CR, TG, LDL,
HbA1C, and insulin.

Results

Baseline characteristics of subjects

In the survey, baseline characteristics of 7086 sub-
jects between hyperuricemia and non-hyperuricemia
were shown in Table 1. Among 7086 subjects, 5558
individuals had normal SUA, the remaining 1528 with
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Table 1 Baseline characteristics of 7086 subjects
Non-hyperuricemia hyperuricemia P-value

N 5558 1528
Agel(years) 46.24+12.06 45.64+12.94 0.032
Sex (%) <0.001

Female 2597 (46.73%) 268 (17.54%)

Male 2961 (53.27%) 1260 (82.46%)
Drinking (%) <0.001

No 5052 (90.90%) 1250 (81.81%)

Yes 506 (9.10%) 278 (18.19%)
Smoking (%) <0.001

No 4720 (84.92%) 1153 (75.46%)

Yes 838 (15.08%) 375 (24.54%)
Hypertension (%) <0.001

No 4922 (88.56%) 1264 (82.72%)

Yes 636 (11.44%) 264 (17.28%)
Diabetes (%) 0.641

No 5368 (96.58%) 1472 (96.34%)

Yes 190 (3.42%) 56 (3.66%)
BMI (kg/m?) 2321+3.08 2546+323 <0.001
TBIL (umol/L) 14.85+5.66 15.70+6.23 <0.001
ALT (U/L) 18.00 (13.00-26.00)  26.00 (18.00-39.00) <0.001
AST (U/L) 21.00 (18.00-25.00) 24.00 (20.00-29.00) <0.001
FPG (mmol/L) 520+1.02 532+1.02 <0.001
Cr (umol/L) 64.71+13.53 7459+1442 <0.001
UA (umol/L) 310.84+62.72 462.19+56.18 <0.001
TC (mmol/L) 5.16+0.98 546+1.06 <0.001
TG (mmol/L) 1.13(0.82-1.61) 1.74 (1.21-2.53) <0.001
HDL (mmol/L) 141+£0.31 124+0.28 <0.001
LDL (mmol/L) 2714072 295+0.76 <0.001
HbA1c (%) 567+0.68 5.75+0.65 <0.001
Insulin (pmol/L)  47.00(32.90-66.10) 64.85 (44.18-92.70)  <0.001
25(0OH)D (ng/ml)  19.15+7.59 19.87+£7.02 <0.001

The variables were presented as n (%) or the mean +SD or median (quartile
1-quartile 3)

BMI Body mass index, TBIL Total bilirubin, ALT Alanine aminotransferase, AST
Aspartate aminotransferase, FPG Fasting plasma glucose, Cr Creatinine, UA
Uric acid, TC Total cholesterol, TG Triglyceride, HDL-C High-density lipoprotein
cholesterol, LDL-C Low-density lipoprotein cholesterol

hyperuricemia. Levels of SUA between hyperurice-
mia and normal group were 462.19+56.18 nmol/L
and 310.84 +62.72 nmol/L, respectively. The propor-
tion of hyperuricemia was 21.56%. Of 5558 with nor-
mal SUA, 2961 was male, and 2597 was female (aged
46.24+12.06 years). Of 1528 with hyperuricemia,
1260 was male, and 268 was female (aged 45.64 +12.94
years). Lipids (LDL, TC, TG), FPG, HbAlc, TBIL,
ALT, AST, Cr, insulin and BMI in hyperuricemia group
were significantly higher than the Non-hyperuricemia.
Meanwhile, the hyperuricemia group had a signifi-
cantly lower HDL than the Non-hyperuricemia. There
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was also a significantly difference in 25(OH)D in these
two groups(19.15+7.59 vs. 19.87+7.02, P<0.001)
(Table 1).

Table 2 Univariate analysis for HUA

Statistics OR (95%Cl) P-value

Age 46.108+12.253 0.996 (0.991, 1.001) 0.091
Sex

Female 2865 (40.432%) Reference

Male 4221 (59.568%) 4124 (3.578,4.753) <0.001
Drinking

No 6302 (88.936%) Reference

Yes 784 (11.064%) 2.221(1.894, 2.603) <0.001
Smoking

No 5873 (82.882%) Reference

Yes 1213 (17.118%) 1.832(1.596,2.102) <0.001
Hypertension

No 6186 (87.299%) Reference

Yes 900 (12.701%) 1.616 (1.383,1.890) <0.001
Diabetes

No 6840 (96.528%) Reference

Yes 246 (3.472%) 1.075 (0.793, 1.456) 0.641
BMI (kg/mz) 23.691+3.251 1.243(1.219,1.266) <0.001
TBIL (umol/L) 15.031£5.801 1.024 (1.015,1.033) <0.001
ALT (U/L) 24.681+£21.118 1.023 (1.020, 1.026) <0.001
AST (U/L) 23.674+17.466 1.021 (1.016, 1.026) <0.001
Glu (mmol/L) 5224+1.019 1.114(1.059,1.171) <0.001
Cr (umol/L) 66.838+14.314 1.052 (1.047,1.057) <0.001
Tc (mmol/L) 5.225+1.008 1.331(1.259, 1.407) <0.001
TG (mmol/L) 1.526+£1.175 1.801 (1.698, 1.910) <0.001
HDL (mmol/L) 1.376+0.313 0.127 (0.102,0.159) <0.001
LDL (mmol/L) 2.758+0.736 1.560 (1.445, 1.683) <0.001
HbA1c (%) 5.688+0.673 1.184 (1.096, 1.278) <0.001
Insulin (pmol/L) 58.505+37.791 1.013(1.012,1.015) <0.001
25(0OH)D (ng/mL) 19.301+7478 1.013(1.005, 1.020) <0.001
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Univariate analysis for hyperuricemia

The univariable logsitic regression for association
between 25(OH)D and HUA was presented in Table 2.
The 25(OH)D was risk factors for HUA. Moreover, the
hypertension, male, smoking, drinking, BMI, TBIL, ALT,
AST, GLU, CR, TC, TG, LDL, HbAlc, insulin, 25(OH)D
can contribute to HUA as well. In contrast, the HDL were
protective factors for HUA (Table 2).

Logistic regression analysis of HUA in different models
Model 1 was a crude model. This model showed that
25(OH)D was negatively related to the incidence of HUA.
However, in Model 2, OR=1.0046 95%CI: 0.9963-1.0129,
P=0.280 and in Model 3, OR=1.004,95%CI: 0.995-
1.013, P=0.432. Thus, 25(OH)D and HUA may not be a
simple linear correlation, and of which 25(OH)D should
be further divided into trisection. In crude model, com-
pared with the lowest concentration of 25(OH)D (T1),
T2, T3 was associated with increased level of HUA(T?2:
OR=1.389, 95%CI% :1.205- 1.600, T3: OR 1.382, 95%CI:
1.199-1.59), P for trend<0.05 (Table 3). However, in
Model 2 and Model 3, P for trend>0.05, indicating the
association between 25(OH)D and HUA were nonlinear.

Non- linear association between 25(0OH)D and HUA

The GAM model with smoothing curve showed that the
25(OH)D and HUA were non- linear after multivariable
adjustment (Fig. 2). According to the piece-wise linear
regression analysis, there were threshold effects between
25(OH)D and HUA (Table 4), and we calculated that the
turning points were 28.82ng/mL in 25(OH)D concentra-
tions. On the left of turning points (25(OH)D <28.82ng/
mL), we observed a significantly positive association
between 25(OH)D and HUA, with OR of 1.0146 (95 C1%:
1.0028, 1.0264, P<0.05). Interestingly, we observed a sig-
nificantly negative association between 25(OH)D and
HUA, with OR of 0.9616 (95 C1%: 0.9313, 0.9929, P<0.05)
above the turning point (25(OH)D > 28.82ng/mL).

Table 3 Relationships between 25(0H)D and HUA in different models

Model 1
25(0H)D 1.0127 (1.0052, 1.0202) 0.000878
25(0OH)D tertile
T1(4.530-15.480) Reference
T2(15.490-21.580)  1.3886 (1.2050, 1.6001) 0.000006
T3(21.590-62.450) 1.3815(1.1988, 1.5920) 0.000008

P for trend 0.000011

Model 2 Model 3

1.0046 (0.9963,1.0129)  0.280247 1.0036 (0.9947,1.0125) 0432463
Reference Reference

1.2406 (1.0699, 1.4386)  0.004320 1.2341(1.0518,1.4479)  0.009902
1.1929 (1.0245, 1.3890) 0.023131 1.1645 (0.9888, 1.3715) 0.068030

0.028915 0.085210

Model 1: unadjusted;
Model 2: adjust for age, sex, drinking, smoking;

Model 3: adjust for age, sex, drinking, smoking, HBP, BMI, AST, GLU, CR, TG, LDL, HbA1c, insulin
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Fig. 2 The GAM model with smoothing curve showed
that the 25(0OH)D and HUA were non- linear after multivariable
adjustment

Table 4 Threshold effect analysis of 25(0H)D on HUA using two
piecewise linear regression model

HUA (OR,95% Cl) adjusted* P-value

25(0H)D ng/mL
<2882 1.0146 (1.0028, 1.0264) 0.0148
>28.82 09616 (0.9313,0.9929) 0.0164

Glu, Cr, TG, LDL, HbA1c, insulin
*Adjusted model: adjust for age, hypertension, sex, drinking, smoking, BMI, AST,

Page 5 of 7

Subgroup analysis

Table 5 showed the association between 25(OH)D and
HUA in different subgroups. The results showed that
there were no significant interaction effects of age, sex,
HBP, drinking, smoking, BMI, AST, GLU, Cr, TG, LDL,
HbA1c, insulin.

Discussion

We performed a cross-sectional study in the Chinese
general population. In this study, the metabolism-related
factors were significantly different between HUA and
normal group, including 25(OH)D, LDL, TC, TG, FPG,
HbAlc, TBIL, ALT, AST, Cr, insulin and BMI being sig-
nificantly higher in hyperuricemia group. These findings
were understandable. Furthermore, we found that BMI,
ALT, TG and LDL may increase the risk of HUA, which
were in consistent with some previous studies [19-21].
There are several limitations for the current study. Firstly,
the study cohort only consisted of adults living in Zhe-
jiang province. Therefore, the finding might not be rep-
resentative of the whole Chinese population. Due to the
cross-sectional study, the definitely causal relationship
between 25(OH)D and uric acid could not be established.
Notably, we did not account for important lifestyle fac-
tors such as diet, exercise, sunlight exposure, and vitamin
D supplement use, which can significantly influence both
vitamin D status and uric acid levels. These factors should
be considered in future research to provide a more com-
prehensive understanding of the observed associations.

Table 5 Effect size of 25(0OH)D on HUA in prespecified and exploratory subgroups in each subgroup

Characteristic No. of participants

Age(years)

<50 4325

250 2761
Sex

Female 2865

Male 4221
HBP

No 6186

Yes 900
Diabetes

No 6840

Yes 246
Drinking

No 6302

Yes 784
Smoking

No 5873

Yes 1213

OR (95%Cl), P P for interaction
0.5325
1.0021 (0.9901, 1.0143) 0.7304
0.9958 (0.9829, 1.0089) 0.5281
0.3410
0.9802 (0.9616, 0.9992) 0.0412
1.0085 (0.9984, 1.0188) 0.1008
0.5002
1.0049 (0.9950, 1.0148) 0.3353
0.9978 (0.9774,1.0186) 0.8319
0.8760
1.0030 (0.9939, 1.0122) 0.5191
1.0088 (0.9637, 1.0559) 0.7078
0.7759
1.0029 (0.9932, 1.0127) 0.5569
1.0064 (0.9843, 1.0290) 0.5748
0.9602

1.0028 (0.9927, 1.0130) 0.5874
1.0037 (0.9854, 1.0224) 0.6943

Adjusted for age, sex, HBP, drinking, smoking, BMI, AST, GLU, CR, TG, LDL, HbA1c, insulin, besides the subgroup variable
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The previous studies found that Vitamin D has posi-
tive association with SUA [3, 11, 13]. However, some
other studies demonstrated that Vitamin D deficiency
might increase the risk of hyperuricemia [12, 22]. Han
et al. showed that 25(OH)D have a negative associa-
tion with SUA and hyperuricemia [23]. Therefore, there
was a paradoxical relationship between 25(OH)D and
SUA. Unexpectedly, an inverted U-shaped relationship
between 25(OH)D and HUA was observed in our cur-
rent study. We found that the level of 25(OH)D was nega-
tively associated with hyperuricemia above the turning
point (25(OH)D >28.82ng/mL), while significantly posi-
tive association when 25(OH)D <28.82ng/mL. When we
added multiple potential confounding factors, including
age, hypertension, sex, drinking, smoking, BMI, AST,
Glu, Cr, TG, LDL, HbA1C, insulin, the results were
consistent in both crude and fully adjusted models. The
sensitivity and stratification analysis of the association
between 25(OH)D and HUA was relatively stable and
revealed similar results across all subgroups without any
indication of interaction.

Our findings identify a critical cutoff value for 25(OH)
D at 28.82 ng/mL, below which the risk of hyperurice-
mia increases significantly. This threshold offers a practi-
cal target for clinicians to manage vitamin D levels more
effectively. Considering the general recommendation for
maintaining serum 25(OH)D concentrations above 30
ng/mL for optimal bone health in older adults, our study
extends these guidelines by highlighting the potential
metabolic risks associated with lower vitamin D levels.
Given the controversial nature of vitamin D supplemen-
tation’s extra-skeletal benefits, as discussed in recent
comprehensive reviews [24], our study suggests that
maintaining serum 25(OH)D levels above our identified
cutoff could not only support skeletal health but also mit-
igate hyperuricemia risk. This dual benefit reinforces the
need for targeted vitamin D supplementation strategies,
particularly in populations at risk for both bone diseases
and elevated serum uric acid levels.

The exact mechanisms underlying the bidirectional
relationship remain to be fully elucidated. however,
they likely involve a complex interplay of renal func-
tion, hormonal balance, inflammation, oxidative stress,
and genetic factors. First, Vitamin D plays a critical role
in both renal function and inflammation, significantly
impacting serum uric acid levels [14]. Optimal levels of
25(OH)D enhance renal function, facilitating efficient
uric acid clearance and underscoring the importance of
maintaining vitamin D within a specific range for opti-
mal renal health. Concurrently, vitamin D’s anti-inflam-
matory properties regulate immune responses that can
influence uric acid production. By maintaining proper
vitamin D levels, inflammation is reduced, which can
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subsequently decrease uric acid synthesis [12]. Moreo-
ver, vitamin D influences hormonal pathways, includ-
ing those involving parathyroid hormone and estrogen,
which affect uric acid metabolism. Fluctuations in vita-
min D levels can lead to hormonal imbalances, impact-
ing uric acid concentrations [25]. And lastly, Vitamin
D’s role in calcium and phosphorus homeostasis may
affect uric acid levels through renal mechanisms. Addi-
tionally, genetic factors like variations in SLC2A9 and
SLC17A3, which are involved in uric acid transport,
could explain the variability in serum uric acid levels
among individuals with different vitamin D statuses
[26, 27]. These insights highlight the need for further
research to elucidate how genetic predispositions and
renal function interact with vitamin D to influence uric
acid metabolism, potentially guiding more tailored
interventions for managing related metabolic disorders.

To improve our interpretation of findings and pro-
duce more robust results, stratification of the asso-
ciation between 25(OH)D and HUA revealed similar
finding among all subgroups. The previous study
speculated that SUA have a beneficial effect on bone
metabolism as an antioxidant in 7502 healthy postmen-
opausal women [28]. Moreover, we detected that there
was a significant correlation between SUA and 25(OH)
D, which clued the higher level of UA could help to pre-
vent from the osteoporosis. Nabipour et al. also found
that higher UA levels were associated with higher BMD
at all skeletal sites and with a lower prevalence of verte-
bral and nonvertebral fractures in older men [3]. SUA
reduction is a major risk factor for vitamin D deficiency
in pregnant women. Estradiol (E2) may affect SUA
through mechanisms involving renal clearance, secre-
tion and reabsorption [29]. Recently, our findings are
in line with recent research which also identified an
inverted U-shaped relationship between serum vitamin
D and serum uric acid levels in a pediatric cohort, fur-
ther supporting the universality of this pattern across
different age groups [30]. These findings further sup-
ported the current study.

In conclusion, our study demonstrated a nonlinear
association between 25(OH)D and SUA. revealing that
vitamin D levels influence uric acid metabolism in a
concentration-dependent manner. Specifically, we found
that the risk of hyperuricemia decreases when 25(OH)
D levels are above the critical threshold of 28.82 ng/mL,
while below this level, the risk increases significantly.
This finding underscores the complexity of the relation-
ship between vitamin D status and uric acid metabolism,
and provides a clear guide for clinicians on how to adjust
vitamin D therapy to optimize uric acid control.
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