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Background: Vitamin D (1,25-(OH)2D) has been reported to be associated with hyperuricemia in many epidemiologic reports.
CYP24A1 is a rate-limiting enzyme involved in vitamin D metabolism. The aim of this study was to investigate the association
between the rs6068816 polymorphism in the CYP24A41 gene and hyperuricemia.

Methods: 130 patients with hyperuricemia from the First Affiliated Hospital of Zhengzhou University were included as the case
group. 130 subjects without hyperuricemia were selected as the control group to establish a 1:1 matching case-control study.
Logistic regression was used to investigate the association between rs6068816 and hyperuricemia. Additionally, multifactor
dimensionality reduction analysis was used to further evaluate the interaction of rs6068816 and body mass index.

Results: The results indicated that patients with hyperuricemia had a higher frequency of genotype CT (Odds Ratio (OR): 2.494,
95% Confidence Interval (CI): 1.140-5.454, p = 0.020) and CC (OR: 3.375, 95% CI: 1.500-7.593, p = 0.003) than TT. The mean
serum uric acid level for genotype CC was significantly higher than that of genotype TT (p = 0.001). People with genotype CC
had a higher risk of developing hyperuricemia than genotype TT (OR: 5.061, 95% CI: 1.582-16.195, p = 0.006). Furthermore,
rs6068816 had a significant multiplicative interaction with body mass index. Compared with genotype TT body mass index,
CC body mass index displayed a higher risk of hyperuricemia (OR: 11.308, 95% CI: 1.420-90.049, p = 0.022). This interaction
was further verified by the multifactor dimensionality reduction model with a cross-validation consistency of 10/10 and testing
balanced accuracy of 0.696 (p = 0.044).

Conclusions: Genotype CC of rs6068816 in the CYP24A1 gene is associated with a higher risk of hyperuricemia, especially for

overweight people.
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Introduction

Serum uric acid (SUA) is the final product of
purine metabolism in humans. Abnormalities in uric acid
metabolism, such as overproduction and reduced excre-
tion from the kidneys, can lead to hyperuricemia [1]. Re-
cent studies on the epidemiology of hyperuricemia have
revealed increasing prevalence. For example, a large co-
hort study involving 38,885 people in Henan rural areas re-
vealed that the hyperuricemia crude prevalence was 10.24%
and the age-standardized prevalence was 12.60%. More-
over, the rate of increase of hyperuricemia in urban areas
is higher than that of rural areas [2]. Hyperuricemia has
been recognized as a possible factor in the onset of various
chronic ailments, including, but not limited to, type 2 dia-
betes, obesity, metabolic syndrome, cardiovascular disease,
stroke, hypertension, and renal dysfunction [3—7]. There-

fore, there is an urgent need to assess the risk factors for
hyperuricemia to establish rational and effective measures
for its prevention and control.

A previous study reported that insufficient levels of
vitamin D (1,25-(OH);D) were associated with an elevated
likelihood of developing hyperuricemia [8]. Furthermore,
hyperuricemia is commonly associated with obesity, and
studies have demonstrated that reducing body weight can
lead to a reduction in serum uric acid levels [9]. Inad-
equate levels of vitamin D could also potentially play a
role in the onset of obesity [10]. CYP24Al plays a cru-
cial role in the regulation of vitamin D levels by facilitating
the conversion of the active metabolite of vitamin D into
24-hydroxylated products for elimination [11]. Variation in
CYP24A1 may be related to vitamin D deficiency, obesity,
and hyperuricemia. Based on the evidence above, we hy-
pothesized that functional gene single nucleotide polymor-
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phisms (SNPs) in CYP24A1 and their interaction with body
mass index (BMI) might be associated with hyperuricemia
risk.

In this study, the association between rs6068816 in
CYP24A1 gene and hyperuricemia was investigated by a 1:1
matching case-control study, including 130 hyperuricemia
patients and 130 healthy controls. The results provide
valuable information for genetic risk assessment of hype-
ruricemia.

Materials and Methods

Study Subjects

In this study, an analysis was conducted on a group of
130 patients with hyperuricemia who were admitted to the
First Affiliated Hospital of Zhengzhou University (Ethics
Approval Number: KY-2020-0047). They were recruited
for this study and designated as the case group. 130 healthy
people who had no history of cancer, nephropathy, diabetes,
or any other metabolic diseases were selected as the control
group by 1:1 case-control matching; subjects were matched
according to gender, age (no more than 5 years older or
younger), and exposure to tobacco and alcohol. Individ-
uals who had serum uric acid levels higher than 7.0 mg/dL
for males and 6.0 mg/dL for females were categorized as
having hyperuricemia.

The research was conducted following the guidelines
stated in the Declaration of Helsinki, and approved by the
Life Science Ethics Committee of Zhengzhou University
(Ethics Approval Number: KY-2020-0047). And written
informed consent was obtained from all participants.

Selection and Genotyping of CYP24A41 SNPs

According to the literature, SNPs including
rs4809957, rs6068816, rs6013897, and rs2248359 in
the CYP24A41 gene were reported to be associated with
bone mineral density, blood pressure, gestational diabetes
mellitus, and cancer risk [ 12—15]. Subsequently, rs6068816
was selected for further investigation in this study based
on a pilot study including 30 cases and 30 controls. The
whole blood samples were subjected to deoxyribonu-
cleic acid (DNA) extraction using AU18019-96 DNA
extraction kits (DP1902, Bioteke corporation, Beijing,
China). Polymerase chain reaction (PCR) amplification
was performed using a 25 pL reaction mixture containing
the final concentrations as follows: 10.25 pL of ddH5O,
12.5 pL Tagman Master Mix (2x), 1.25 uL TagMan SNP
genotyping reagent solution (20x), and 1 pL genomic
DNA sample dilution. PCR conditions were as follows:
denaturing at 95 °C for 10 minutes, and then modified
(92 °C for 15 seconds) and annealing/extensions (60 °C
for 60 seconds); repeated for 40 cycles. Samples were
then analyzed using the 7500-fast real-time fluorescence
quantitative PCR instrument (Applied Biosystems, Foster
City, CA, USA).
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Collection of Demographic and Anthropometric
Information

Professionally trained investigators conducted in-
person interviews with the participants, utilizing standard-
ized questionnaires to collect data on their demographic
attributes (including age, gender, education level, marital
status, and occupation) as well as lifestyle aspects such
as tobacco usage and alcohol consumption. Anthropomet-
ric measurements primarily included height and weight,
with BMI calculated as body weight (kg) divided by height
squared (m?). As per the Guidelines for Chinese Residents,
individuals with a BMI below 18.5 were classified as under-
weight, while those with a BMI ranging from 18.5 to 24.0
were considered normal weight. Overweight was defined
as having a BMI between 24.0 and 28.0, whereas obesity
refers to individuals whose BMI exceeded 28 [16].

Biochemical Measurements

All participants were instructed to fast for at least §
hours, and their blood samples were collected by clini-
cal physicians the following morning for further analysis.
008AS commercial kits (YZB 3632-40-2008, Shanghai Ke-
hua Bioengineering Co., Ltd., Shanghai, China) were uti-
lized to measure the levels of glucose, triglyceride (TG),
total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), and high-density lipoprotein cholesterol (HDL-
C). SUA levels were measured using an automated bio-
chemical analyzer, especially the Cobas C501 (ROCHE,
Basel, Switzerland), through enzyme colorimetry.

Statistical Analyses

Categorical variables were presented as N (percent-
age), whereas continuous variables were expressed as mean
+ standard deviation (SD). To assess the differences be-
tween groups, we utilized the #-test for continuous variables
and the chi-square test for categorical variables. The Mann-
Whitney U test was used to assess the difference in serum
urine acid levels between genotypes. Logistic regression
analysis was employed to investigate the relationship be-
tween rs6068816 and hyperuricemia. Additionally, we ap-
plied multifactor dimensionality reduction (MDR) analysis
to evaluate the potential interaction of rs6068816 and BMI.
The statistical analyses were conducted using IBM’s SPSS
software version 21.0 (SPSS, Armonk, NY, USA), along
with MDR 3.0.2 software (computational Genetics Labo-
ratory of the University of Pennsylvania, Philadelphia, PA,
USA). p values less than 0.05 were considered statistically
significant.

Results

Basic Characteristics of Study Participants

The Demographic, anthropometric, and metabolic
characteristics are displayed in Table 1. BMI, uric acid,
triglyceride, total cholesterol, and high-density lipoprotein
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Table 1. Comparison of demographic, anthropometric, and biochemical traits between the control group and the

hyperuricemia group.

Variables Control group (n=130)  Hyperuricemia group (n = 130) X3/t p value
Male (n, %) 90 (69.2) 90 (69.2) 0.000 1.000
Age (years) 47.44 + 19.54 47.09 + 19.52 0.146 0.884
Educational level (n, %) 1.004 0.605

Elementary school or below 48 (36.9) 43 (33.1)

Junior high school 52 (40.0) 60 (46.2)

High school or above 30 (23.1) 27 (20.8)
Marital status (n, %) 2.049 0.359

Unmarried 15 (11.5) 11 (8.5)

Married 106 (81.5) 114 (87.7)

Divorced/widowed 9(6.9) 5(3.8)
Occupation (n, %) 0.021 0.990

Worker 34 (26.2) 33(25.4)

Famer 83 (63.8) 84 (64.6)

Functionary 13 (10.0) 13 (10.0)
SUA 200.10 + 73.60 500.82 + 228.00 14313  <0.001%*
BMI (Kg-m2) 23.40 + 3.70 27.10 + 4.30 7.561  <0.001*
TG (mmol-L1) 1.17 £ 0.77 3.02+2.34 8.536  <0.001*
TC (mmol-L1) 4.254+0.95 4.98 +1.33 5.088  <0.001*
HDL (mmol-L1) 1.37 +0.29 1.22 +0.28 4363  <0.001%*
LDL (mmol-L1) 2.36 +0.71 2.43 +0.85 0.702 0.483

Note: BMI, body mass index; SUA, serum uric acid; TG, triglyceride; TC, total cholesterol; HDL, high-density

lipoprotein; LDL, low-density lipoprotein.
Asterisk denotes p values < 0.05.

Table 2. The frequency distribution of rs6068816 genotypes in patients with hyperuricemia and the control group.

SNP Genotypes/Alleles  Control (n=130) Case (n=130) OR (95% CI) P
TT 27 11 Reference
rs6068816 CT 63 64 2.494 (1.140-5.454) 0.020*
CcC 40 55 3.375 (1.500-7.593) 0.003*
TT 27 11 Reference
TT vs CT+CC
CT+CC 103 119 2.836 (1.341-5.998) 0.005*
TT+CT 90 75 Reference
TT+CT vs CC
CcC 40 55 1.650 (0.991-2.747) 0.053
T 117 86 Reference
Allele
C 143 174 1.655 (1.160-2.362) 0.005*

Note: Asterisk indicates a p value < 0.05.

were significantly different between the case and control
groups (p < 0.001). There were no significant differences
in terms of gender, age, educational attainment, marital sta-
tus, occupation, fasting blood glucose levels, or low-density
lipoprotein (p > 0.05).

Genotyping Results of rs6068816

The genotyping results for rs6068816 are displayed in
Table 2. The distribution of genotypes for rs6068816 ex-
hibited conformity with the principles of Hardy-Weinberg
equilibrium (p = 0.672). Compared with genotype TT, pa-
tients with hyperuricemia had a higher frequency of geno-
type CT (OR: 2.494, 95% CI: 1.140-5.454, p = 0.020) and

CC (OR: 3.375, 95% CI: 1.500-7.593, p = 0.003). The
frequency of allele C was higher than allele T in the hy-
peruricemia group (OR: 1.655, 95% CI: 1.160-2.362, p =
0.005). In the dominant model of allele C, the frequency of
genotype CT+CC in the case group was higher than that of
genotype TT (OR: 2.836, 95% CI: 1.341-5.998, p =0.005).
There was no significant difference between the genotype
TT+CT and CC (p = 0.053).

Comparison of Serum Urine Acid Level between
Genotypes of rs6068816

The mean serum uric acid level was 390.3, 347.0, and
262.3 umol/L for genotype CC, CT, and TT, respectively
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Table 3. The association between CYP24A41 genotypes and hyperuricemia risk.

Models Variables OR (95% CI) p
TT Reference
1s6068816 CT 2.667 (0.934-7.618) 0.067
Model 1
CC 5.061 (1.582-16.195) 0.006*
BMI 6.756 (3.140-14.535) <0.001*
TT Reference
rs6068816 CT 1.244 (0.249-6.218) 0.790
cC 1.107 (0.216-5.678) 0.903
Model 2 BMI 1.749 (0.325-9.411) 0.515
TT*BMI Reference
rs6068816*BMI  CT*BMI 3.025 (0.423-21.634) 0.270
CC*BMI  11.308 (1.420-90.049) 0.022*

Note: In model 1, rs6068816 and BMI were included. In model 2, rs6068816, BMI
and rs6068816 BMI were included. BMI was a categorical variable classified as

below 24 kg/m? or above. The asterisk indicates p value < 0.05.

(Fig. 1). The mean serum uric acid level was significantly
lower in individuals with the TT genotype compared to
those with the CC genotype (p = 0.001) and CT genotype
(» =0.009). However, there were no significant differences
between the CT and CC genotypes (p = 0.456).

2000
g P=0.001
E
= P=0.456 P=0.009
=
)
< 1000
2
ol
-
0
CC CT TT
rs6068816

Fig. 1. Comparison of serum urine acid level between geno-
types of rs6068816. The Mann-Whitney U test was used to com-

pare the differences between genotypes.

Association of rs6068816 with Hyperuricemia

The findings from the logistic regression model can be
observed in Table 3. Results for model 1 indicate that peo-
ple with genotype CC had a higher risk of hyperuricemia

compared with genotype TT (OR: 5.061, 95% CI: 1.582—
16.195, p = 0.006). Furthermore, rs6068816 had a signifi-
cant interaction with BMI in model 2. Compared with geno-
type TT BMI, CC BMI displayed a higher risk of hyper-
uricemia (OR: 11.308, 95% CI: 1.420-90.049, p = 0.022).

Table 4. The results of the interaction model by multifactor

dimensionality reduction.

Model CVC Testing balanced accuracy p
1 BMI 10/10 0.685 0.050
2 rs6068816, BMI 10/10 0.696 0.044*
Note: BMI was dichotomous with a cutoff value of 24 kg/m?. Aster-
isk indicates the p value < 0.05. CVC, cross-validation consistency.

Interaction of rs6068816 and BMI

As shown in Table 4, MDR analysis was used to
further evaluate the interaction between rs6068816 and
BMI. The results indicated that rs6068816 and BMI dis-
played a significant interaction effect for the prediction of
hyperuricemia. The optimal interaction model included
rs6068816 and BMI, exhibiting a cross-validation consis-
tency score of 10/10 and a balanced accuracy rate of 0.696
in testing (p = 0.044).

Discussion

In this study, we analyzed the association between
rs6068816 and hyperuricemia. The results indicated that
allele C of rs6068816 conveyed an increased risk for hy-
peruricemia. Genotype CC of rs6068816 was associated
with higher susceptibility to hyperuricemia. Furthermore,
rs6068816 displayed a significant multiplicative interaction
with BMI for the prediction of hyperuricemia risk. Thus,
overweight people with genotype CC may face a higher risk
of hyperuricemia.
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Abnormal Levels of Vitamin D and Hyperuricemia
Risk

Abnormal vitamin D levels, a crucial fat-soluble nu-
trient vital for the body’s functioning, have been linked to
an elevated likelihood of hyperuricemia [17]. In a study
by Y. Han et al. [18] involving 18,596 individuals aged
18 and older, serum 25(OH)D3 was negatively correlated
with hyperuricemia. However, a study conducted on 9920
Chinese adults revealed that there was a positive correla-
tion between levels of SUA and 25(OH)Ds. Additionally,
it was observed that for every increase of 10 nmol/L in
25(0OH)Ds, the incidence of hyperuricemia increased by ap-
proximately 9.4% [19]. In addition, a systematic review and
meta-analysis conducted on 32 studies aimed to explore the
correlation between vitamin D and uric acid levels in adults.
The findings suggested that elevated serum uric acid lev-
els may be linked to higher concentrations of 25(OH)Ds,
while insufficiency of vitamin D is associated with hyper-
uricemia. One possible reason is that genetic factors could
influence both vitamin D and SUA levels. Gene polymor-
phisms clearly play a significant role in vitamin D and SUA
levels [20]. CYP24AI gene variations have been signifi-
cantly associated with 25(OH)Dj3 levels. Serum 25(OH)Dg3
functions as a clinical indicator for assessing vitamin D lev-
els, being the predominant metabolite of vitamin D found in
circulation. Therefore, there may be an association between
CYP24A1 gene variations and hyperuricemia.

Association between Polymorphism of CYP24A1
Gene and Hyperuricemia

CYP24A1 is involved in the inactivation of the vi-
tamin D functional metabolite. Results of several stud-
ies suggest that people with abnormal vitamin D levels are
likely to face an increased risk of metabolic disease. Chai
et al. [21] found that the CYP24A1 gene polymorphism
may contribute to the risk of colorectal cancer development
by increasing the barrier to vitamin D absorption. A case-
control study designed by Qian et al. [22] suggested that the
rs6068816 variant significantly increased the risk of coro-
nary heart disease in various genetic models. In addition,
variation in the CYP24A1 gene may be associated with vi-
tamin D-related metabolic disorders such as hyperuricemia,
as suggested by the association between rs6068816 and hy-
peruricemia found in the present study. The SNP rs6068816
is located in the exon of the CYP24A1 gene as a synony-
mous variant. Because the CYP24A41 gene has a significant
impact on the regulation of vitamin D activity and varia-
tion in rs6068816 might lead to aberrant expression of the
CYP24A1 gene by code preference, which then may have an
impact on the vitamin D level, and thus contribute to the de-
velopment of hyperuricemia. Further research is required to
uncover the underlying mechanism linking rs6068816 and
hyperuricemia.

Interaction between rs6068816 and BMI on
Hyperuricemia

The presence of elevated levels of uric acid in the
blood is determined by a combination of genetic and en-
vironmental factors [23]. Susceptibility based on individ-
ual genetic factors may increase under the influence of cer-
tain environmental factors. In this study, we identified an
interaction between rs6068816 and BMI that significantly
increased the risk of hyperuricemia. However, the poten-
tial mechanism of this interaction remains obscure. Ac-
cording to the literature, mutation in the CYP24A41 gene
and obesity are both risk factors for hyperuricemia, and
the effects of both may be mediated through abnormal vi-
tamin D metabolism [24,25]. In particular, the CYP24A41
gene is a vitamin D regulatory gene, which catalyzes the
conversion from its hormonal form 1,25-(OH);D3 into 24-
hydroxylated products, potentially leading to reduced uric
acid excretion [26]. Previous studies have suggested spe-
cific molecular mechanisms. It has been suggested that
the mild uric acid-lowering effect of vitamin D is mediated
by the suppression of parathyroid hormone (PTH); PTH is
known to downregulate the adenosine-triphosphate (ATP)-
binding cassette transporter G2 (ABCG?2) in the kidneys,
leading to a reduction in the renal clearance of uric acid
[27]. Moreover, vitamin D is fat-soluble and will be diluted
as fat accumulates in the body, and reduced vitamin D levels
might contribute to the incidence of hyperuricemia. How-
ever, further research is needed to explore the biological
mechanisms and to better explain the identified interaction.

In summary, we found that rs6068816 in the CYP24A 1
gene was significantly associated with hyperuricemia. The
presence of allele C in rs6068816 increases the susceptibil-
ity to hyperuricemia, and its association with BMI can be
used as a predictor for the risk of developing hyperuricemia.
These findings could potentially provide novel insights into
the prevention and treatment of hyperuricemia.

Conclusions

rs6068816 was found to be associated with hyper-
uricemia in the Chinese population. Future studies may ex-
plore this association, in combination with additional epi-
demiological indicators, to improve the prediction of hy-
peruricemia risk. Further investigations with larger sample
sizes, as well as mechanistic studies, are required to verify
the conclusions of this study.
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