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Association between dietary coenzyme Q10 ==
intake and hyperuricemia in Chinese adults:

a nationwide cross-sectional study

Huiying Kuang'?', Dan Zhao'?", Zezhong Tian"?, Zhihao Liu'?, Suming Dai'?, Yigi Zheng?, Zepei Zhong'?,
Lihan Liang'?, Yanhui Zhang*" and Yan Yang'**

Abstract

Background The association of food-sourced Coenzyme Q10(CoQ10) intake with hyperuricemia (HUA) remains
unclear. We aimed to investigate the association between dietary CoQ10 intake and HUA among Chinese adults.

Methods A total of 7953 Chinese adults from the 2009 China Health and Nutrition Survey (CHNS) were included in
the present cross-sectional. Dietary CoQ10 was assessed by 3 consecutive 24-h dietary recall interviews combined
with a household food inventory. Multivariable logistic regression models and restricted cubic spline models were
used to explore the associations between dietary CoQ10 and HUA.

Results In an adjusted logistic regression model, the multivariable odds ratio (OR) and 95% confidence interval (Cl)
for HUA in the highest versus the lowest quartile of total, animal-based, and plant-based CoQ10 intake were 1.40
(95% Cl: 1.15 t0 1.70), 1.46 (95% Cl: 1.20 to 1.78), and 0.80 (95% Cl: 0.65 to 0.97), respectively. Dose-response analyses
revealed similar linear patterns, with the exception of plant-derived CoQ10, which did not reach statistical significance
(p for nonlinearity=0.09). In stratified analysis, there were no significant interactions between sex, age, BMI, smoking
status, drinking status and total dietary CoQ10 intake in relation to the HUA (All p for interaction > 0.05).

Conclusions Our study documented a novel positive association between total dietary CoQ10 intake and HUA, with
similar trends for animal-derived CoQ10 and an inverse trend for plant-derived CoQ10.
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Background

Hyperuricemia (HUA) is a metabolic disorder charac-
terized by impaired uric acid metabolism, mainly due to
overproduction of uric acid or impaired uric acid excre-
tion by the kidneys and gut [1]. Emerging data indicated
that HUA is a precursor of gout, which presents as inter-
mittent episodes of severe painful arthritis [2]. Nowa-
days, the prevalence of HUA is still increasing worldwide
[3, 4], affecting approximately 14% of the Chinese pop-
ulation [5]. It has become the second most common
metabolic disorder following diabetes [6]. Therefore, it is
essential to identify potentially modifiable factors for the
prevention of HUA.

In recent decades, modifiable lifestyle factors, such
as alcohol consumption, smoking, and a sedentary life-
style, are associated with an increased risk of HUA [7,
8]. High-purine diets and the intake of red meat, seafood
and fructose, which promote the breakdown of purine
nucleotides, elevate serum urate levels and the likelihood
of developing HUA [9, 10]. Adherence to the Mediter-
ranean and Dietary Approaches to Stop Hypertension
(DASH) dietary patterns may serve as potent prophylac-
tic measures against the emergence of HUA [11]. Adopt-
ing a vegetarian diet and ensuring adequate consumption
of nuts, and vegetables may help reduce the risk of HUA
[12-14]. The intake of probiotics has been observed to
possibly diminish uric acid concentrations through the
elimination of pathogenic microorganisms or their by-
products [15]. Additionally, studies have validated the
therapeutic potential of bioactive substances, such as
polyphenols, peptides, and alkaloids, in the mitigation
of HUA [16]. Therefore, targeting dietary modifications
deserves greater focus in strategies to combat the wide-
spread prevalence of HUA.

Epidemiological studies have provided substantial
evidence suggesting that a healthy diet can prevent the
development or mitigate HUA, possibly through mecha-
nisms involving oxidative stress [17]. Coenzyme Q10
(CoQ10) is a lipid-soluble molecule that acts as an elec-
tron carrier in the mitochondria and is a coenzyme for
mitochondrial enzymes, also known as an effective nat-
ural antioxidant [18]. Typically, CoQ10 can be endog-
enously synthesized by the human body. It can also
be acquired exogenously from CoQ10 supplements or
dietary sources such as animal offal (beef heart, chicken
liver), beef, sardines, dragonfish, vegetable oils and other
foods [19]. Previous well-designed randomized-con-
trolled trials (RCTs) have investigated the relationship
between CoQ10 supplementation and intermediate out-
come of serum uric acid levels [20, 21], and although the
results vary, these studies provide reasonable evidence of
a potential link between CoQ10 and uric acid levels. Nev-
ertheless, the high cost of CoQ10 supplementation poses
a challenge to its widespread adoption among the general
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public. Considering that dietary sources provide a more
accessible route for obtaining CoQ10, investigating the
influence of dietary CoQ10 on HUA is of significant pub-
lic health importance. However, no research to date has
explored the relationship between dietary CoQ10 intake
and HUA in the Chinese general adult population.

Therefore, we conducted a cross-sectional study
from the nationwide China Health and Nutrition Sur-
vey (CHNS) to investigate the associations between the
intake of dietary total CoQ10, animal- and plant-derived
CoQ10 and the prevalence of HUA among Chinese gen-
eral adults.

Materials and methods

Study design and population

This cross-sectional study used data from the CHNS. The
CHNS is an ongoing open cohort covering 15 provinces
and cities, which can reflect the diet and health status
of the Chinese people [22]. The research was approved
by the Institutional Review Board of the University of
North Carolina at Chapel Hill, the China-Japan Friend-
ship Hospital and the Chinese Centre for Disease Control
and Prevention. All subjects signed an informed consent
form before the investigation. In our study, we used data
from the 2009 survey because data on biomarkers and
serum uric acid were first collected in 2009.

A total of 18,805 participants were included in the
2009 CHNS survey, and we excluded participants who
were <18 vyears, pregnant, or had incomplete dietary
information and missing serum uric acid data. Partici-
pants with implausible total energy intake data (<800
or >4000 kcal/d) [23], cancer and myocardial infarc-
tion were also excluded. In total, 7953 participants were
included in this study (Fig. 1).

Definition of hyperuricemia

Serum uric acid was analyzed by enzymatic colorimetric
method (Redox, UK kit) on a Hitachi 7600 automated
biochemical analyzer (Hitachi, Tokyo, Japan). HUA was
defined as serum uric acid>420 pmol/L (7 mg/dL) in
men and >360 umol/L (6 mg/dL) in women [24].

Dietary nutrients intakes

Individual dietary intake data were collected using the
3-day, 24-hour food recall method, and consumption of
cooking oil and spices was collected using a weighing
and measuring technique over the same 3 days. House-
hold consumption of cooking oil and spices was allocated
to individuals according to the proportion of individual
energy consumption in the household. Total energy
intake was calculated using the China Food Composi-
tion Tables Standard Edition (CFCTSD). Dietary intakes
of CoQ10 were calculated based on the consumption of
various foods and their respective CoQ10 content. Foods
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»  Participants with incompetent dietary information (n=6876)
>

Participants with implausible total energy intake data (<800 or
>4000 kcal/d) (n=125)

7953 Participants

Fig. 1 Flow chart for inclusion and exclusion of eligible subjects

high in CoQ10 were pinpointed from the literature [19,
25, 26]. They were grouped into eight categories based on
nutrition, culinary applications, and CoQ10 levels. The
categories included a range of animal-based foods, such
as meats and processed meat products, fish and shellfish,
eggs, and dairy products, as well as plant-based foods,
which included plant cooking oils, nuts and seeds, veg-
etables and their derivatives, and fruits and fruit products
[27]. The average intake of CoQ1l0 from animal-based
sources is likely higher than from plant-based sources.
Comprehensive procedures for assessing diet in the
CHNS have been previously described [28].

Assessment of covariates

In addition to diet, demographic characteristics, behav-
ior and lifestyle information was also obtained by the
questionnaire and physical examination, including age,
sex, education level, region, physical activity, drink-
ing status, smoking status, body mass index (BMI), total
energy intake, hypertension, diabetes mellitus, total cho-
lesterol (TC), triglyceride (TG), high density lipoprotein
cholesterol (HDL-C). The types of physical activities
encompassed work, home chores, leisure sports, and
commuting [29]. The overall physical activity level was
determined by adding up the duration of each activ-
ity, each weighted by its respective metabolic equivalent
for task (MET) score [30]. The resulting aggregate score
was then classified as ‘Low;, ‘Moderate; or ‘High; accord-
ing to the distribution of total MET scores into thirds
[31]. Hypertension was defined as a mean systolic blood

pressure>140 mmHg or a mean diastolic blood pres-
sure>90 mmHg, or a self-reported diagnosis of hyper-
tension, or currently taking antihypertensive medication
[32]. Diabetes mellitus was defined as fasting blood glu-
cose>7.0 mmol/L, or the glycohemoglobin level >6.5%,
or self-reported diagnosis of diabetes, or taking diabetes
pills or insulin [33]. BMI was calculated as weight (kg)
divided by height squared (m?).

Statistical analysis

The general characteristics of the participants are pre-
sented as mean (standard deviation) for continuous
variables, and categorical variables were presented as
frequency and percentage. Chi-square test or student’s
t-test was applied to analyze the differences of partici-
pant characteristics between hyperuricemia group and
non-hyperuricemia group. Multivariable logistic regres-
sion analysis was used to calculate odds ratios (ORs) and
95% confidence intervals (95% Cls) for the associations
between intakes of dietary total dietary CoQ10, animal-
derived CoQ10 and plant-derived CoQ10 and odds of
having HUA. For these analyses, dietary coenzyme Q10
intake was categorized based on quartiles (quartile 1:
<25th percentile, quartile 2: >25th to 50th percentile,
quartile 3: >50th to 75th percentile, quartile 4: >75th per-
centile) with the lowest quartile as a reference. Two mod-
els were conducted in the study: model 1 was adjusted
for age (continuous), sex, BMI (continuous), educational
level (middle school or below, high school or college or
above), region (urban or rural), smoking status (yes or
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no), drinking status (yes or no), physical activity (low,
medium and high), and total energy intake (continuous);
model 2 was further adjusted for hypertension status (yes
or no), diabetes status (yes or no), TC, TG and HDL-C
levels (continuous). In addition, we used restricted cubic
spline (RCS) functions with four knots to assess the dose-
response relationships between the intake of dietary
CoQ10 and HUA. Furthermore, the likelihood ratio
test of the cross-product terms between dietary CoQ10
intake and effect modifiers was used to test the signifi-
cance of interactions. Then, stratified analyses were con-
ducted by sex (male or female), age (<60 or >60 years),
BMI (<24 or >24 kg/m?), smoking status (no or yes) and
drinking status (no or yes) to determine the associa-
tions between dietary CoQ10 intake and HUA. Finally,
sensitivity analyses have been carried out to examined
whether the results would be different if CoQ10 con-
sumption and serum uric acid were continuous variables.
In this analysis, multivariable linear regression was uti-
lized to examined the impact of dietary CoQ10 intake
on serum uric acid levels with the correlation index ()
and its 95% confidence interval (CI). In addition, the
OR may seriously overestimate the effect of exposure on
outcomes if the prevalence of HUA is high (>10%) [34].
We therefore performed log-binomial analyses to calcu-
late prevalence ratios (PRs) with 95% CIs to examine the
association between dietary CoQ10 and HUA [35]. In
these analyses, all adjustments were treated as categori-
cal variables: age (<60 or >60 years), sex, BMI (<24 or
>24 kg/m?), educational level (middle school or below,
high school or college or above), region (urban or rural),
smoking status (yes or no), drinking status (yes or no),
physical activity, total energy intake (quartile 1: <25th
percentile, quartile 2: >25th to 50th percentile, quartile
3: >50th to 75th percentile, quartile 4: >75th percentile),
hypertension status (yes or no), diabetes status (yes or
no), TC (<5.2 or >5.2mmol/L), TG (<1.7or>1.7mmol/L)
and HDL-C (<0.91or >0.91mmol/L).

All data analyses were performed using R software
version 4.2.1(http://www.R-project.org). All p-values
are two-tailed and p < 0.05 was considered statistically
significant.

Result

Baseline characteristics

According to the status of HUA, the comparisons of the
baseline characteristics of the participants are shown in
Table 1. A total of 7953 adult participants were eventually
enrolled in this study, including 3712 (46.7%) men and
4241 (53.3%) women. The average age of the study popu-
lation was 50.4 (SD, 14.9) years. Among these included
subjects, the overall prevalence of HUA was 15.4% (20.2%
in men; 11.3% in women). Overall, participants with
HUA were older, more likely to be men, smokers and
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drinkers, have a higher prevalence of hypertension and
diabetes. They also tended to have higher levels of edu-
cation, BMI, TC, TG, along with greater dietary intakes
of total and animal-derived CoQ10 when contrasted with
participants without HUA (all p-values<0.05). Further-
more, subjects with HUA exhibited a significant lower in
physical activity, and serum HDL-C levels.

Association between dietary CoQ10 intake and HUA

The correlation between dietary CoQ10 intake and HUA
was examined according to quartiles of dietary intakes of
total, animal- and plant-derived CoQ10, as is presented in
Table 2. In model 2, for the highest quartile compared to
the lowest quartile, total CoQ10 (OR 1.40, 95%CI 1.15—
1.70) and animal CoQ10 (OR 1.46, 95%CI 1.20-1.78)
intake were positively associated with HUA, whereas
plant-derived CoQ10 (OR 0.80, 95%CI 0.65-0.97) intake
was inversely associated with HUA after adjustment for
age, sex, BMI, education level, region, smoking status,
alcohol consumption, total energy intake, physical activ-
ity, hypertension, diabetes, and total energy intake, TC,
TG and HDL-C.

The non-linear relationship between dietary CoQ10 and
HUA

The RCS analysis of the relationship between dietary
CoQ10 and HUA was shown in Fig. 2. We observed a lin-
ear positive dose-response relationship (p overall <0.001,
p for nonlinearity =0.950) between total dietary CoQ10
and HUA (Fig. 2A). Similarly, animal-derived CoQ10
intake was positively associated with the risk of HUA
in a linear manner (p overall<0.001, p for nonlinear-
ity=0.810, Fig. 2B). However, no significant association
(Fig. 2C) was observed between plant-derived CoQ10
intake and the risk of HUA (p overall=0.110, p for
nonlinearity = 0.090).

Subgroup and sensitivity analyses

The results of stratified analyses based on potential risk
factors for the association between total dietary CoQ10
intake and HUA are shown in (Table S1). We found that
there were no significant interactions between sex, age,
BMI, smoking status and hypertension and total dietary
CoQ10 intake in relation to the HUA (p for interac-
tion > 0.05 for all).

The results of sensitivity analysis are shown in (Table
S2). Similar findings were obtained when we employed
multiple linear regression to investigate the impact of
dietary CoQ10 intake on serum uric acid levels as a con-
tinuous variable. Additionally, log-binomial analyses
were utilized to explore the association between dietary
CoQ10 and HUA, and the findings remained largely con-
sistent (Table S3).
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Table 1 Baseline characteristics of participants according to HUA status
Characteristic Total Hyperuricemia Pvalue
No Yes
Participants (n, %) 7953 6725(84.5) 1228(15.4)
Age, year 504 +149 49.9+£14.8 53.0+£150 <0.001
Sex, (n, %)
male 3712(46.7) 2963 (79.8) 749 (20.2)
female 4241(53.3) 3762 (88.7) 479 (11.3)
BMI, kg/m? 234+347 23.1+£338 24.8 £3.60 0.001
Region (n, %) <0.001
Urban 2612 (32.8) 2129 (81.5) 483 (18.5)
Rural 5341(67.2) 4596 (86.1) 745 (13.9)
Education level (n, %) <0.001
Middle school or below 6064 (76.2) 5177 (85.4) 887 (14.6)
High school 931 (11.7) 777 (83.5) 154 (16.5)
College or above 958 (12.0) 771 (80.5) 187 (19.5)
Physical activity level (n, %) <0.001
Low 2286 (28.7) 1908 (83.5) 378 (16.5)
Medium 2715 (34.0) 2260 (83.2) 455 (16.8)
High 2952 (37.1) 2557 (86.6) 395 (134)
Drinking (n, %) <0.001
Yes 2623 (33.0) 2082 (79.4) 541 (20.6)
No 5530(67.0) 4643 (87.1) 687 (12.9)
Smoking (n, %) <0.001
Yes 2465 (31.0) 1993 (80.9) 472 (19.1)
No 5488(69.0) 4732 (86.2) 756 (13.8)
Hypertension (n, %) <0.001
Yes 2370 (29.8) 1831 (77.3) 539 (22.7)
No 5583(70.2) 4894 (87.7) 689 (12.3)
Diabetes (n, %) <0.001
Yes 867 (10.9) 635 (73.2) 232 (26.8)
No 7086(89.1) 6090 (85.9) 2996 (14.1)
TC (mg/dl) 187.8 £389 1850+37.8 203.0 £42.1 <0.001
TG (mg/dl) 1475+1313 127.0 £99.6 2580+ 207.0 <0.001
HDL-C (mg/dl) 5552+188 566+ 177 49.7 £233 <0.001
Energy, kcal/day 2126 + 608 2113+ 606 2194+ 616 <0.001
Total dietary CoQ10 intake (mg/d) 2424202 237+1.96 274+229 <0.001
Animal-derived CoQ10 intake (mg/d) 201+1.94 1.95+1.89 231+220 <0.001
Plant-derived CoQ10 intake (mg/d) 042 £042 042 £041 043 £045 0.282

Continuous variables are presented as the mean + standard deviation (SD), and categorical variables are presented as participants (percentage)

Abbreviations: BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol

Discussion
In this nationwide cross-sectional study, we extended evi-
dence that a positive association between dietary CoQ10
intake and HUA after adjusting for major confounders in
general Chinese adults. In detail, animal-sourced dietary
CoQ10 positively associated with HUA, while plant-
sourced dietary CoQ10 inversely associated with HUA.
Notably, dose-response analyses showed similar largely
linear relationships for dietary CoQ10 intake and HUA.
In addition, this association was particularly pronounced
in males, overweight population and alcohol consumers.
To our knowledge, this is the first study to explore
the association between daily intake of dietary-derived

CoQ10 and HUA. Population-based research has only
investigated the impact of CoQ10 supplementation on
serum uric acid in a limited number of small but well-
designed trials. One RCT demonstrated that an 8-week
regimen of 90 mg/day CoQ10 had no effect on the serum
uric acid levels in moderately trained healthy men (n=12)
[21]. Contrarily, a study involving 23 chronic heart fail-
ure patients, conducted as a double-blind, placebo-con-
trolled, cross-over factorial trial, demonstrated that a
100 mg/day CoQ10 supplement significantly decreased
plasma uric acid levels compared to placebo after 16
weeks [20]. While plausible evidence has been estab-
lished regarding the association between CoQ10 and uric
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Table 2 The relationship of dietary CoQ10 intake with HUA
Dietary CoQ10 intake, mg/d Case/Participants Crude Model 12 Model 2°

OR (95% CI) OR (95% CI) OR (95% Cl)
Total intake
Q1 (<091) 267/1990 1.00 (Ref. 1.00 (Ref) 1.00 (Ref.
Q2 (092 to <2.03) 282/1987 1.07 (0. 89 1.28) 1.11(0.92,1.33) 1.07 (0. 88 1.3)
Q3 (2.04to<345) 300/1988 1.15(0.96,1.37) 1.12(0.93,1.35) 1.08 (0.88,1.32)
Q4 (=3.45) 379/1988 152(1.28,1.80) 143(1.191.72)" 140 (1.151.70)
Ptrend <0.001 <0.001 0.001
Animal food derived
Q1 (<0.44) 255/1990 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Q2 (044to<1.64) 299/2007 1.19(0.99,143) 121(1.01,146)" 1.15(0.94,14)
Q3 (1.64t0 <2.95) 307/1968 1.26 (1.05,1.50) " 126 (1.04,1.52)" 1.19(0.97,1 45)
Q4 (=>2.95) 367/1988 154(1.30,1.83)" 147 (1.22,1.77) 146 (1.20,1
P trend <0.001 <0.001 <0.001
Plant food derived
Q1 (<0.13) 302/1992 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Q2 (044 t0 <0.32) 314/1985 1.05 (0.89,1.25) 0.99 (0.83,1.18) 0.96 (0.79,1.15)
Q3(0.32t0 <0.58) 299/1988 0.99 (0.83,1.18) 0.88 (0.74,1.06) 0.84(0.70,1.02)
Q4 (=0.58) 313/1988 1.05 (0.88,1.24) 0.85(0.71,1.02) 0.80 (0.65,0.97)
P trend 0.253 0.302 0.009

Model 1 was adjusted for age, gender, BMI, region, education background, physical activity level, smoking status, drinking status, and total energy intake

Model 2 was further adjusted for hypertension status, diabetes status, TC, TG and HDL-C

P trends were assessed by entering the dietary CoQ10 as a continuous variable
Abbreviations: OR, odds ratio; Cl, confidence interval. "p <0.05; “p<0.01

acid. It should be noted that the studies employed CoQ10
doses much higher than those commonly consumed by
the general public. Additionally, the high cost of CoQ10
supplementation poses a barrier to its widespread adop-
tion. Considering that dietary sources provide a more
accessible way to obtain CoQ10, researching the effects
of dietary intake on HUA is crucial for public health.

Our study extend these findings by demonstrating a
positive association of total dietary CoQ10 intake with
the endpoint of HUA in general population. Moreover,
in line with the positive associations observed in the cur-
rent study, we previously showed in this population that
individuals with higher dietary CoQ10 were positively
correlated with triglycerides levels. These results might
be partly due to the food sources of CoQ10. Typically,
dietary CoQ10 was found higher concentrations in ani-
mal-based foods, such as animal viscera (beef, pork and
chicken heart and liver), exceeding 50 mg/kg [19]. Nota-
bly, the most purine-rich foods are also found in meat
products, such as seafood and fish [10, 36], especially
animal viscera, which have purine concentrations that
exceed 1,000 mg/100 g (with beef liver approximately
2706.0 mg/kg, pork liver 2752.1 mg/kg, and chicken liver
3170.0 mg/kg purine) [37]. This implies that an increase
in dietary CoQIl0 intake may be accompanied by an
increase in purine consumption. Consequently, overcon-
sumption purine-rich foods may lead to higher serum
uric acid levels, making individuals more vulnerable to
developing HUA [38]. Therefore, the deleterious effects

of purines in foods of animal origin may, to some extent,
counteract the protective effects of CoQ10 in the diet.

Interestingly, an inverse association between plant-
derived CoQ10 intake and HUA was observed in our
present study. Similar to our study, a previous cross-sec-
tional study demonstrated that long-term adherence to
the plant-based Mediterranean diet reduced the preva-
lence of HUA in older adults [39]. The Mediterranean
diet exerts its beneficial effects may through its antiox-
idant-rich components, which can reduce the concen-
trations of pro-inflammatory cytokines, increase those
of anti-inflammatory cytokines and attenuate oxidative
stress caused by disordered purine metabolism [40].
Hence, it is plausible that HUA benefits may be partly
derived from CoQ10 from plant-based dietary sources.
We have also conducted an analysis of CoQ10 from vari-
ous food categories, which warrants further investigation
in our future studies.

Although the precise mechanisms by which CoQ10
intake modulates uric acid levels remain unclear, it is
proposed that CoQ10 may exert its effects by influ-
encing anti-inflammatory cytokines and reducing
oxidative stress, both of which are key factors in the
development and progression of HUA [41-44]. A meta-
analysis indicates that CoQl0 supplementation sig-
nificantly decreases MDA levels, and enhances total
antioxidant capacity as well as the activity of antioxidant
defense system enzymes [45]. Additionally, lipopolysac-
charide (LPS) triggers cytokines like IFN-y and IL-1f,
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Fig. 2 Dose-response relationship between dietary CoQ10 intake and HUA by the restricted cubic spline model. (A) Total dietary CoQ10; (B) Animal-
derived CoQ10; (C) Plant-derived CoQ10. The models were adjusted for age, gender, BMI, region, education background, physical activity level, smoking
status, drinking status, and total energy intake, hypertension status, diabetes status, TC, TG and HDL-C. Solid lines represent point estimates and ribbons

represent 95% Cls

boosting xanthine oxidase activity and uric acid produc-
tion [46]. It has been observed that CoQ10 can alleviate
LPS-induced oxidative stress and inflammation, pro-
cesses that are regulated by the NLRP3 pathway [47]. In
addition, prior studies indicated CoQ10 could potentially
lower uric acid by modulating gut microbiota absorbs
purine and adenine [48]. For example, Lactobacillus spe-
cies facilitate the reduction of purine absorption in the
intestine by producing enzymes such as uricase, allanto-
inase, and allantoicase [49]. Furthermore, gut microbiota
metabolites promote uric acid excretion by providing
energy for intestinal epithelial cells [50].

The present study has several strengths. Firstly, this
study is the first to directly examine the relationship
between dietary CoQ10 intake and HUA in general Chi-
nese adults through a large, nationally representative
longitudinal survey. Secondly, in contrast to previous
studies that focused on supplements, we concentrated

on dietary-derived CoQ10, exploring the dose-response
association and providing the first recommendations for
selecting CoQ10 dietary sources to prevent HUA. Lastly,
sensitivity analyses were conducted to assess the robust-
ness of our findings.

There are several limitations to consider when inter-
preting the results of our study. As this study was an
observational study, we cannot exclude the possibil-
ity that unmeasured factors might contribute to the
observed associations. Therefore, to establish a causal
relationship between dietary CoQ10 and HUA, fur-
ther prospective studies and intervention trials should
be conducted. Another limitation is that our study
was restricted to people of Chinese ancestry, and it is
unknown whether our findings can be generalized to
other demographic or ethnic groups. Finally, further
studies are needed to investigate the mechanism of this
association.
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Conclusions

The results showed that dietary intake of total and ani-
mal-derived CoQ10 was positively associated with HUA,
whereas plant-derived CoQ10 was negatively associ-
ated with HUA in the Chinese general adults. While a
diet rich in plant-based foods may seem like a strategic
approach for those at higher risk of HUA to increase
CoQ10 intake, the relatively low levels of CoQ10 in such
foods suggest that dietary sources alone may be insuffi-
cient. Consequently, isolated CoQ10 supplements could
potentially offer a more effective means of supplemen-
tation. However, further investigation and research are
needed to verify the efficacy of CoQ10 supplements in
preventing HUA.
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