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A B S T R A C T   

Aims: Vitamin D deficiency is associated with a number of noncommunicable conditions. We conducted a 
randomised controlled trial to determine the effect of vitamin D supplementation on serum uric acid concen-
tration in patients with prediabetes, in whom hyperuricaemia is common. 
Methods: Seventy-one volunteers (35–80 years), with impaired fasting glucose and/or impaired glucose tolerance 
were randomised to three groups, vitamin D3, vitamin D2 and control, and followed for 12 months. 
Results: After 12 weeks, vitamin D supplementation was associated with a reduction in serum uric acid con-
centration in participants with baseline uric acid concentration > 6 mg/dL, but no significant change was 
observed in controls. We then assessed the dose–response relationship between vitamin D supplementation and 
the change in serum uric acid concentration and found that the change in serum total 25-hydroxyvitamin D did 
not correlate with the change in serum uric acid that occurred during vitamin D supplementation. The factors 
associated with larger reductions in serum uric acid were a higher baseline serum uric acid and a larger increase 
in serum 1,25-dihydroxyvitamin D. 
Conclusions: Vitamin D supplementation lowers serum uric acid in prediabetic patients with hyperuricaemia, and 
supplementation might be considered to help alleviate hyperuricaemia in these patients.   

Introduction 

Hyperuricaemia and gout are common clinical problems in adults in 
many populations [1,2]. It can be either asymptomatic or symptomatic. 
The available therapies for symptomatic hyperuricaemia include allo-
purinol, which is effective, but not without potentially serious adverse 
effects. Lifestyle modification and particularly dietary measures have 
been advocated to lower serum urate concentration [3], but these 
typically have only limited success. Therefore, more effective or adjunct 
measures are required. Vitamin D deficiency is increasingly common, 
even in geographical areas where sunlight is abundant [4]. It has been 
associated with a number of medical conditions, including non-
communicable diseases. In a recent cross-sectional study, we applied 
mediation analysis to demonstrate that serum 25-hydroxyvitamin D [25 
(OH)D] and urate concentrations are likely to be reciprocally related 
[5]. With regard to vitamin D supplementation, vitamin D2 and D3 are 
commonly used. It has been demonstrated that vitamin D3 increases 

circulating 25(OH)D levels more effectively than vitamin D2 [6]. Sup-
plementation with vitamin D2 rather than vitamin D3 would therefore 
require higher doses to achieve comparable serum 25(OH)D levels. For 
example, weekly administration of 20,000 U D2 for 12 weeks resulted in 
comparable 25(OH)D concentrations as compared to weekly 15,000 U 
D3 supplementation [7]. 

We hypothesized that vitamin D supplementation might represent 
another means of alleviating hyperuricaemia. Therefore, in the present 
study, we used a randomised controlled trial to determine the effect of 
vitamin D2 or D3 supplementation on serum uric acid concentration in 
patients with prediabetes, in whom hyperuricaemia is common. 

Material and methods 

Study design 

We conducted an open-label, randomised controlled study at 
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Ramathibodi Hospital, Mahidol University, Bangkok, Thailand. This 
study was approved by the Institutional Review Board, Faculty of 
Medicine Ramathibodi Hospital, Mahidol University and all the partic-
ipants provided their written informed consent prior to their inclusion. 
All methods were performed in accordance with relevant guidelines and 
regulation. The clinical trial number is TCTR20200219002 (Thai Clin-
ical Trials Registry, date of registration 19/02/2020). 

Study population 

Healthy volunteers aged 35–80 years were recruited by advertising 
for type 2 diabetes screening. A 75-g oral glucose tolerance test was 
conducted in the morning after an 8-h overnight fast to identify patients 
with impaired fasting glucose and/or impaired glucose tolerance, ac-
cording to the diagnostic criteria by the American Diabetes Association. 
The participants were randomised to three groups: a vitamin D3 
(cholecalciferol) group, a vitamin D2 (ergocalciferol) group, and a 
control (no vitamin D treatment) group. We aimed to raise the total 25 
(OH)D concentration to comparable levels using either vitamin D2 or D3 
supplementation; therefore, different weekly doses of vitamin D2 
(20,000 IU) or vitamin D3 (15,000 IU) were administered [7]. Severty 
one participants were included and randomly assigned (1:2:2) to receive 
vitamin D3 (15,000 IU weekly, n = 20), vitamin D2 (20,000 IU weekly, n 
= 40), or control (no vitamin D, n = 41) for 12 weeks. Compliance was 
assessed by tablet counting at the end of the study and is reported as the 
percentage of the tablets missing taken. All the participants in the 
vitamin D2 and vitamin D3 groups demonstrated over 90% compliance. 

Measurement of serum 25(OH)D and 1,25(OH)2D concentrations 

Serum 25(OH)D2 and 25(OH)D3 concentrations were analysed by 
LC-MS/MS using an Agilent 1200 Infinity liquid chromatograph (Agilent 
Technologies, Waldbronn, Germany) coupled to a QTRAP 5500 tandem 
mass spectrometer (AB SCIEX, Foster City, CA, USA) and a MassChrom 
25-OH-Vitamin D3/D2 diagnostics kit (Chromsystems, Munich, Ger-
many). The sum of the serum 25(OH)D2 and 25(OH)D3 concentrations 
was used to assess overall vitamin D status. The inter- and intra-assay 
coefficients of variation (CVs) for the serum total 25(OH)D concentra-
tion were 6.3% and 5.0%, respectively [9]. Serum 1,25(OH)2D was 
measured by a chemiluminescent immunoassay using a LIAISON® XL 
analyser (DiaSorin Inc., Stillwater, MN, USA). This assay had inter- and 
intra-assay CVs of 6.6% and 5.5%, respectively [8]. 

Uric acid measurement 

Serum uric acid concentration was determined applying the uricase 
method (Siemens Healthcare Diagnostics Inc., Newark DE, USA). The 
assay range was 0–20 mg/dl, with reference ranges of 2.6–6.0 and 
3.5–7.2 mg/dl for women and men, respectively. The intra- and inter- 
assay CVs were 1.4% and 1.4% for a uric acid concentration of 5.1 
mg/dl and 1.2% and 1.3% for a uric acid concentration of 9.0 mg/dl, 
respectively. 

Statistical analyses 

Data are expressed as mean ± SE, unless stated otherwise. Compar-
ison of clinical characteristics between vitamin D supplementation 
group (received vitamin D2 or vitamin D3) and control were performed 
by independent-Samples T Test. The changes in serum uric acid during 
vitamin D supplementation were assessed using paired Student’s t-test. 
Multivariate linear regression was applied to evaluate the influence of 
independent variables on the changes in serum uric acid concentration. 
A p value < 0.05 was considered to represent statistical significance. 
Statistical analysis was conducted using the Statistical Package for the 
Social Sciences (v13.0, SPSS, Chicago, IL, USA). 

Results 

Table 1 presents the clinical characteristics of the study population. 
There were no significant differences in the age, baseline uric acid 
concentration or 25(OH)D concentration between the vitamin D sup-
plementation group (received vitamin D2 or vitamin D3) and controls. 
However, the vitamin D supplementation group comprised more 
women. With regard to safety, none of the participants had hypervita-
minosis D and hypercalcemia. 

After 12 weeks of vitamin D supplementation, 25(OH)D levels 
significantly increased to 38.6 ± 1.3 ng/mL (p < 0.001) in vitamin D 
supplementation group whereas there was no change in 25(OHD levels 
in control group (24.9 ± 1.2 ng/mL, p = 0.27). As presented in Table 2A, 
there were no significant changes in the serum uric acid concentration in 
the vitamin D or control groups. However, in participants with baseline 
serum uric acid concentration > 6 mg/dL, serum uric acid decreased 
significantly (p < 0.05), whereas there was no change in controls (p =
0.49) (Table 2B). A multivariate analysis of the changes in serum uric 
acid, the form of vitamin D supplementation, and other relevant vari-
ables revealed that there were no relationships between the change in 
serum uric acid concentration and age, sex, BMI, supplementation with 
vitamin D2 or D3, and other baseline parameters, including the uric acid, 
25(OH)D, and fasting plasma glucose (FPG) concentrations. However, 
higher HbA1c level at baseline correlated with the reduction in serum 
uric acid (Table 3). 

To assess the dose–response relationship between vitamin D sup-
plementation and the change in serum uric acid concentration, we 
applied regression analysis and found that the change in serum 25(OH)D 
did not correlate significantly with the change in serum uric acid during 
the period of vitamin D supplementation. The only factor that was found 
to be associated with the change was baseline serum uric acid concen-
tration (Table 4). 

However, the change in serum 1,25-dihydroxyvitamin D [1,25 
(OH)2D] concentration negatively correlated with the change in serum 
uric acid concentration during vitamin D supplementation. Further-
more, the statistical significance of this relationship persisted after 
controlling for age, body mass, baseline uric acid concentration, the type 
of vitamin D supplementation, and the change in 25(OH)D concentra-
tion (Table 5). 

Discussion 

In the present randomised controlled trial, we have shown that 
vitamin D supplementation is associated with a reduction in serum uric 
acid concentration in patients with prediabetes and hyperuricaemia. 
The present finding is consistent with that of our previous study, in 
which we applied mediation analysis to prove that circulating uric acid 
and 25(OH)D concentrations may be reciprocally related [5]. Moreover, 
changes in the concentrations of both serum 1,25(OH)2D and uric acid 
were demonstrated during vitamin D supplementation. Taken together, 
these results suggest that vitamin D may reduce serum uric acid 
concentration. 

Table 1 
Clinical characteristics of the study population.   

Controls (n = 29) Vitamin D (n = 42) p value 

Age 57.1 ± 2.0 61.5 ± 1.3  0.07 
Female 65.5% 85.7%  <0.05 
BMI (kg/m2) 29.4 ± 1.15 27.5 ± 0.6  0.14 
Uric acid (mg/dL) 6.2 ± 0.2 5.8 ± 0.3  0.24 
25(OH)D (ng/mL) 25.6 ± 1.1 26.7 ± 0.9  0.42 
FPG (mg/dL) 105.1 ± 1.6 103.2 ± 1.6  0.43 
HbA1c (%) 6.03 ± 0.05 5.98 ± 0.05  0.47 

BMI, body mass index; 25(OH)D, 25-hydroxyvitamin D; FPG, fasting plasma 
glucose; HbA1a, hemoglobin A1C. Data are expressed as mean (SE). SD, stan-
dard error. 
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Previous studies conducted in the general population and in patients 
with type 2 diabetes have revealed an inverse relationship between 
serum uric acid concentration and vitamin D status [10,11]. However, it 
is not clear whether there is a causal relationship due to the cross- 

sectional nature of most of the previous studies. To our knowledge, 
there have been no studies to date of the serum uric acid response to 
vitamin D supplementation. However, a possible causal link between 
uric acid and vitamin D metabolism may be indicated by the finding that 
the use of allopurinol to reduce serum uric acid concentration is asso-
ciated with a reduction in 1,25(OH)2D concentration. It has also been 
shown that uric acid suppresses 1α hydroxylase activity, both in vivo and 
in vitro [12]. 

The underlying mechanism of this potential urate-reducing effect of 
vitamin D is unclear. Vitamin D affects many physiological functions 
through its action on a number of target genes [13]. It is therefore 
conceivable that it will affect uric acid production, disposal or both. 
Genome-wide association studies have identified a number of genes that 
influence circulating uric acid concentration, including the ABCG2 gene, 
which encodes a high-capacity urate transporter gene in the intestinal 
epithelium and on the luminal surface of renal proximal tubular 
epithelial cells [14]. The other genes that have been reported to be 
associated with circulating uric acid concentration are principally renal 
urate transporters, such as SLC2A9, SLC17A3 and SLC22A12. Although 
it is conceivable that vitamin D will affect the expression of these uric 
acid-regulating genes, there have been no studies to support or refute 
such a possibility. It is also likely that the reduction in uric acid that 
occurs during vitamin D supplementation may be mediated through a 
decrease in parathyroid hormone (PTH) concentration. It is known that 
serum PTH is associated with uric acid concentration [15,16], and this 
relationship is likely to be causal, because the administration of ter-
iparatide to patients with osteoporosis can induce hyperuricaemia. 

Uric acid has been associated with a number of metabolic disorders. 
For example, the serum uric acid concentration is frequently higher in 
patients with type 2 diabetes and non-alcoholic fatty liver disease [17], 
in which, together with fructose, it might play a pathogenic role [18]. 
Hyperuricaemia is also associated with the metabolic syndrome, and 
this association strengthens as the number of adverse metabolic factors 
present increases [19]. In addition, mean serum uric acid is a strong 
predictor of the development of prediabetes [20], and hyperuricaemia is 
associated with a number of adverse effects in patients with diabetes, 
such as atrial fibrillation [21]. Moreover, hyperuricaemia contributes to 
a more rapid progression of diabetic nephropathy [22]. A causal role of 
uric acid in macrovascular disease has also been suggested in a study 
that used a Mendelian randomisation approach [23]. With regard to 
ethnicity, there are ethnic differences in serum uric acid levels as well as 
the degree of relationship between uric acid and metabolic syndrome 
with non-Hispanic white females exhibited the lowest degrees of cor-
relation between levels of uric acid and components of the metabolic 
syndrome [24]. Data with regard to the serum uric acid and its rela-
tionship to metabolic syndrome are relatively few. At least a study has 
examined serum uric acid in specific Asian ethnic groups and found that 
there are higher concentrations of serum uric acid in Chinese compared 
with Indians and Malays unexplained by the metabolic syndrome and 
other demographic variables [25]. Our findings are supportive of the 
role of vitamin D supplementation in reducing serum uric acid in Asians 
with higher fasting plasma glucose which may be at risk of developing 
metabolic syndrome. 

Therapeutic agents for hyperuricaemia, although effective, can have 
adverse events that are sometime serious, such as the agranulocytosis 
and toxic epidermal necrolysis that can develop after allopurinol use. 
Our results suggest that vitamin D supplementation is considered for 
prediabetic patients with mild hyperuricaemia. However, the benefits of 
ameliorating hyperuricaemia as a strategy to reduce the risks of mac-
rovascular disease and non-alcoholic fatty liver disease, although 
possible, on the basis of the aforementioned studies, remain to be 
determined. 

There are a number of limitations in the study. The number of par-
ticipants was small, the duration of intervention is relatively short, and 
subjects in the present study were prediabetes. Generalization to other 
population may be limited. Further studies with larger sample sizes, 

Table 2A 
Changes in serum uric acid concentration during the study period in all partic-
ipants (n = 71).   

Uric acid (mg/dL) p value 

Baseline 12 weeks 

Vitamin D (n = 42) 5.8 ±0.2  5.6 ±0.3   0.15 
Control (n = 29) 6.2 ±0.2  6.3 ±0.2   0.90  

Table 2B 
Changes in serum uric acid concentration during the study period in participants 
with baseline concentration > 6 mg/dL (n = 36).   

Uric acid (mg/dL) p value 

Baseline 12 weeks 

Vitamin D (n = 19) 7.4 ±0.2  6.8 ±0.3   <0.05 
Control (n = 17) 7.1 ±0.2  6.9 ±0.3   0.49  

Table 3 
Multivariate analysis of the relationships between the change in uric acid con-
centration, the form of vitamin D used, and other variables.   

Standardised coefficient P value 

Age (year) − 0.11  0.42 
Female − 0.34  0.09 
BMI (kg/m2) 0.24  0.16 
Baseline uric acid (mg/dL) − 0.42  <0.05 
Baseline 25(OH)D (ng/mL) 0.02  0.92 
Baseline FPG (mg/dL) 0.12  0.42 
Baseline HbA1c (%) − 0.35  <0.05 
Form of vitamin D (D3 versus D2) − 0.24  0.36 

BMI, body mass index; 25(OH)D, 25-hydroxyvitamin D; FPG, fasting plasma 
glucose; HbA1c, hemoglobin A1C. 

Table 4 
Multivariate analysis of the relationship between the change in uric acid con-
centration, the change in 25(OH)D levels, and other variables.   

Standardized coefficient P value 

Age (year) − 0.08  0.53 
Female − 0.24  0.07 
BMI (kg/m2) − 0.08  0.53 
Baseline uric acid (mg/dL) − 0.41  < 0.01 
HbA1c (%) − 0.17  0.16 
The change in 25(OH)D (ng/mL) − 0.04  0.76 

BMI, body mass index; HbA1c, hemoglobin A1C; 25(OH)D, 25-hydroxyvitamin 
D. 

Table 5 
Multivariate analysis of the relationship between changes in uric acid concen-
tration, the change in 1,25(OH)2D levels, and other variables.   

Standardized coefficient P value 

Age (year) − 0.04  0.74 
Female − 0.20  0.10 
BMI (kg/m2) − 0.06  0.61 
Baseline uric acid (mg/dL) − 0.35  < 0.01 
HbA1C (%) − 0.18  0.10 
The change in 1,25(OH)2D (pg/mL) − 0.33  <0.01 

BMI, body mass index; HbA1c, hemoglobin A1C; 1,25(OH)2D, 1,25-dihydroxy-
vitamin D. 
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longer-term follow-up period as well as in other study populations be-
sides prediabetes are warranted. Moreover, as demonstrated in the 
present study, it is of note that serum 1,25(OH)2D levels were related to 
the change in serum uric acid levels after supplementation. Response in 
uric acid levels after the administration of active analog of vitamin D 
should be explored 

Conclusion 

Vitamin D supplementation is associated with lower serum uric acid 
in prediabetic patients with hyperuricaemia, and supplementation 
might be considered to help alleviate hyperuricaemia in these patients. 
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Hyperuricemia contributes to the faster progression of diabetic kidney disease in 
type 2 diabetes mellitus. J Diabetes Complicat 2016;30(7):1300–7. 

[23] Yan D, Wang J, Jiang F, Zhang R, Wang T, Wang S, et al. A causal relationship 
between uric acid and diabetic macrovascular disease in Chinese type 2 diabetes 
patients: A Mendelian randomization analysis. Int J Cardiol 2016;214:194–9. 

[24] DeBoer MD, Dong L, Gurka MJ. Racial/ethnic and sex differences in the 
relationship between uric acid and metabolic syndrome in adolescents: an analysis 
of National Health and Nutrition Survey 1999–2006. Metabolism 2012;61(4): 
554–61. 

[25] Hawkins R. Serum Uric Acid Concentrations in Chinese, Indians, and Malays. Am J 
Clin Pathol 2012;138:A327–A327. 

H. Nimitphong et al.                                                                                                                                                                                                                            

http://refhub.elsevier.com/S2214-6237(21)00007-7/h0005
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0005
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0015
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0015
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0020
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0020
https://doi.org/10.1038/srep14528
https://doi.org/10.1038/srep14528
https://doi.org/10.1016/j.jcte.2019.100194
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0040
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0040
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0040
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0045
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0045
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0045
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0045
https://doi.org/10.1371/journal.pone.0061159
https://doi.org/10.1371/journal.pone.0061159
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0055
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0055
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0055
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0060
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0060
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0060
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0065
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0065
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0070
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0070
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0070
https://doi.org/10.1186/ar3769
https://doi.org/10.1186/ar3769
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0085
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0085
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0085
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0090
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0090
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0090
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0095
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0095
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0095
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0100
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0100
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0105
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0105
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0105
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0110
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0110
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0110
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0115
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0115
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0115
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0120
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0120
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0120
http://refhub.elsevier.com/S2214-6237(21)00007-7/h0120

	Vitamin D supplementation is associated with serum uric acid concentration in patients with prediabetes and hyperuricemia
	Introduction
	Material and methods
	Study design
	Study population
	Measurement of serum 25(OH)D and 1,25(OH)2D concentrations
	Uric acid measurement
	Statistical analyses

	Results
	Discussion
	Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgement
	References


