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Purpose: Hyperuricemia is a precursor to gout and is linked to various metabolic disorders. This study investigated the associations of
hyperuricemia with concordant/discordant lipid phenotypes based on low-density lipoprotein cholesterol (LDL-C) and remnant
cholesterol (RC).

Methods: We analyzed 8,971 participants from a cluster-stratified random sample across six provinces in Northwest China. They
were categorized into four groups by LDL-C and RC levels: NRC+NLDL, NRC+HLDL, HRC+NLDL, and HRC+HLDL.
Multivariable logistic regression was used to assess the odds of hyperuricemia across these groups.

Results: Participants in Group NRC+HLDL, Group HRC+NLDL, and Group HRC+HLDL exhibited an increased risk for hyperur-
icemia by 37%, 96%, and 120%, respectively (OR: 1.37, 95% CI: 1.13—-1.66 for NRC+HLDL; OR: 1.96, 95% CI: 1.57-2.45 for HRC
+NLDL; OR: 2.20, 95% CI: 1.82-2.65 for HRC+HLDL), relative to Group NRC+NLDL. Subgroup analyses highlighted significant
interaction effects based on gender and hypertriglyceridemia, with a more pronounced association observed in female participants.
Sensitivity analyses revealed Group HRC+NLDL was most closely related to HUA when stricter LDL-C cut-offs were applied. Body
mass index (BMI) and waist circumference (WC) mediated 20.27% and 6.67% of this association, respectively.

Conclusion: RC demonstrated a stronger association with hyperuricemia than LDL-C, partially mediated by BMI and WC. Women
exhibited greater susceptibility to RC-related hyperuricemia.
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Introduction

Hyperuricemia (HUA), characterized by elevated serum uric acid (sUA) levels, is not only a precursor to gout but also closely
associated with various comorbidities, including cardiovascular diseases, heart failure, metabolic syndrome, type 2 diabetes,
and chronic kidney disease. These conditions contribute to increased morbidity and mortality rates among affected
individuals.' Its rising prevalence has significantly impaired patients’ quality of life and imposed substantial economic
burdens on healthcare systems globally.* Current management primarily relies on lifestyle modifications and pharmacother-
apy, yet these approaches often face challenges related to patient adherence and therapeutic efficacy.” Therefore, it is essential
to investigate the underlying associations and risk factors for hyperuricemia in order to develop more targeted preventive
strategies. To date, several pathological risk factors for hyperuricemia have been identified, such as hypertension, obesity,
chronic inflammation, and traditional lipid components.”® A community-based cross-sectional study demonstrated that serum
triglycerides (TG) exhibit the strongest association with hyperuricemia; additionally, Non-high-density lipoprotein cholesterol
(non-HDL-C) is significantly correlated with this condition as well.” Data from The Third National Health and Nutrition
Examination Survey (NHANES III) revealed notable correlations between serum levels of low-density lipoprotein cholesterol
(LDL-C), TGs, total cholesterol (TC), apolipoprotein B levels, the TG/HDL ratio, and the ratio of apolipoprotein B to
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apolipoprotein A-I with sUA levels,while HDL-C exhibited an inverse relationship.'® However, with the increasing use of
statins in recent years, research focus has shifted toward triglyceride-rich lipoproteins (TRLs), which represent a key
component of dyslipidemia that remains inadequately managed by statin therapy.”"'° Remnant cholesterol (RC), an emerging
atherogenic lipoprotein marker, refers to the cholesterol content within TRLs, primarily comprising chylomicron remnants,
very low-density lipoproteins (VLDL), and intermediate-density lipoproteins (IDL). RC is more abundant, larger, and carries
more cholesterol than LDL-C particles thus, it is not surprising that RC has been associated with cardiovascular events and
total mortality.'""'?

Accumulating evidence indicates that RC may pose a more direct and significant risk factor for cardiovascular and
metabolic diseases compared to conventional lipid markers such as LDL-C or TG."*"'> Higher RC levels were also
suggested to be significantly associated with the development of DM and hypertension.'® This offers new insights into
the concordance/discordance dynamics between RC and LDL-C.

Although previous studies have indicated a positive association between RC and HUA,'” "' the roles of RC/LDL-C
concordance and discordance in HUA development remain insufficiently explored. To address this gap, the present study
employed a multi-stage stratified random sampling design across six provinces in Northwest China, aiming to investigate
the relationship between lipid phenotype and hyperuricemia, with a particular focus on the concordance and discordance
between RC and LDL-C levels.

Methods
Subjects

This study was conducted in Northwest China, encompassing six provinces (Ningxia, Shanxi, Gansu, Xinjiang, Qinghai,
and Inner Mongolia) from 2014 to 2017 using a whole cluster stratified random sampling design. The inclusion criteria
for subjects were: 1) age 18 years or older; 2) local residency for at least five years; and 3) non-pregnant women. The
exclusion criteria were: 1) Use of any lipid-lowering medication; 2) A self-reported history of physician-diagnosed
cardiovascular disease (including myocardial infarction, coronary revascularization, or stroke); 3) Diagnosis of severe
renal insufficiency or severe hepatic disease (eg, cirrhosis, viral hepatitis); 4) Missing essential laboratory or question-
naire data required for group classification or outcome assessment; 5) Presence of acute infectious or inflammatory
diseases at the time of enrollment; 6) Presence of malignant tumors or other terminal illnesses. The study received
approval from the Ethics Committee of General Hospital of Ningxia Medical University, and all procedures adhered to
the ethical standards as well as the principles outlined in the 1964 Helsinki Declaration and its subsequent amendments.
Prior to enrollment, all subjects provided written informed consent following a comprehensive explanation of the study’s
purpose and procedures, and all collected data were anonymized to ensure confidentiality. A total of 15,506 samples were
collected; however, we excluded 211 samples with incomplete information, 859 samples lacking blood tests, 3,197
samples taking oral lipid-lowering medications, and 2,268 samples with a RC less than or equal to zero. Ultimately, 8,971
participants were enrolled in this study. The sample screening process is illustrated in Figure 1.

Data Collection and Anthropometry

A standardized questionnaire was administered by professionally trained personnel to gather data on sociodemographic factors,
regional location, lifestyle choices, and medical history of diabetes mellitus (DM) and hypertension. Physical examinations and
blood pressure (BP) measurements were primarily conducted by physicians or medical students. Body mass index (BMI) was
calculated as weight in kilograms divided by height squared in meters (kg/m?). Waist circumference (WC) was measured at the
narrowest part of the torso, midway between the inferior border of the rib cage and the superior aspect of the iliac crest. BP was
taken three times after a resting period of at least ten minutes; the average of these three measurements served as the final value.

Laboratory Measurements
Participants were instructed to fast for eight hours overnight prior to venipuncture. Blood specimens underwent centrifugation for
separation before being stored at —80 °C until transported to the Laboratory of General Hospital of Ningxia Medical University
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Figure | Flow chart of research population.

for laboratory assays. Uric acid and lipid profiles were quantified accordingly on a biochemistry instrument (SIEMENS, ADVIA
chemistry XPT).

Definition of LDL-C and RC Concordant/Discordant Groups and Other Variables

RC (mmol/L) was calculated by subtracting HDL-C and LDL-C from TC using standard lipid profile measurements.”’ In
accordance with the recommendations outlined in the 2019 ESC/EAS Guidelines for the Management of Dyslipidaemias,?’
we established cut-off points of 2.6 mmol/L (100 mg/dL) for LDL-C and 0.62 mmol/L (24 mg/dL) for RC. The phenotypes
of RC/LDL-C were classified into four categories based on the concordance or discordance between LDL-C and RC: Group
NRC+NLDL: Normal serum levels of both RC and LDL-C; Group NRC+HLDL: Normal serum levels of RC with elevated
levels of LDL-C; Group HRCH+NLDL: Elevated serum levels of RC with normal LDL-C; Group HRC+HLDL: Elevated
serum levels of both RC and LDL-C. Hyperuricemia was characterized by sUA >420 pmol/L (7.0 mg/dL) in males and
>360 pmol/L (6.0 mg/dL) in females while hypertriglyceridemia (HTG) was defined as serum triglyceride levels (sTG) >
1.7 mmol/L (150 mg/dL).?* Smoking status was categorized as regular smoker (having smoked at least 100 cigarettes in
one’s lifetime and currently smoking >20 cigarettes/day), occasional smoker (having smoked at least 100 cigarettes in one’s
lifetime but currently smoking <20 cigarettes/day), or nonsmoker. Geographic location was classified as either urban or rural,
while income levels were divided into low, medium, and high categories based on average annual incomes of <10,000 Yuan,
<50,000 Yuan, and >50,000 Yuan respectively. Educational attainment was categorized as low (elementary school education
or below), medium (junior high school education or above), and high (college education or above). Salt intake classifications
included high (>10.0 g/day), medium (6.0-10.0 g/day), and low (<6.0 g/day).
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Statistical Analysis

All statistical analyses were conducted using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA). The baseline
characteristics of participants were described according to four distinct lipid phenotypes. Variables that could be
approximately considered to be normally distributed were expressed as means + standard deviations (Means = SDs).
LDL-C and RC were skewed distributed and expressed as median and interquartile range (25-75%). Categorical
variables were expressed as relative frequency (percentage). One-Way ANOVA test was utilized for the comparison of
normally distributed data while the Mann—Whitney/ Kruskal-Wallis rank test was used for non-normally distributed data.
Chi-square tests facilitated our assessment of categorical variables to identify significant differences across various
groups. To evaluate independent associations between distinct lipid phenotypes and hyperuricemia, we performed logistic
regression analyses yielding odds ratios (ORs) and their corresponding 95% confidence intervals (95% Cls). Covariates
deemed clinically relevant or significantly differing at baseline comparisons were incorporated into our multivariate
models. We established four primary covariable-adjusted models: Model I adjusted solely for age and gender; Model 11
further adjusted for ethnicity along with BMI, WC, income levels, educational attainment, and smoking status; Model 111
integrated additional adjustments based on DM and hypertension history; Model IV encompassed all prior adjustments
plus sTG levels. Subgroup analyses examined how varying lipid phenotypes influenced hyperuricemia across diverse
subgroups such as gender (male/female) and co-occurrence with HTG. For sensitivity analyses, we maintained consis-
tency by applying identical logistic regression to evaluated the relationship between the phenotype of RC/LDL-C and
HUA using a stricter cut-off value of LDL-C (1.80 mmol/L) according to established guideline recommendations.*'**
A two-tailed p-value less than 0.05 was regarded statistically significant.

Results

The Basic Characteristics of the Studied Population

The distribution of LDL-C and RC across discordant and concordant groups is illustrated in Figure 2. Elevated levels of RC
were relatively less prevalent among participants with normal or high LDL-C, but were more frequently observed in the
individuals with high LDL-C. The baseline characteristics of all participants categorized by the patterns of RC/LDL-C are
presented in Table 1 (We also presented the baseline characteristics of men and women respectively as shown in
Supplementary Material Table 1 and 2). Compared to the Group NRC+NLDL, individuals in the other groups were more

likely to be male, older, less educated, and smokers. In Group HRC+HLDL, the proportion of Hui individuals was the
smallest, while that of Uyghur individuals was the largest relative to other groups. Participants in the HLDL groups
exhibited higher BMI and WC values and a greater propensity for hypertension compared to those in NLDL groups.

a b
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Figure 2 The distribution of LDL-C and RC by the discordant/concordant groups. (a) The box plot of the different LDL-C and RC levels. (b) The relative proportions of the
discordant/concordant groups.

Abbreviations: RC, remnant cholesterol; LDL-C low-density lipoprotein cholesterol; NRC+NLDL Normal serum levels of both RC and LDL-C; NRC+HLDL Normal
serum levels of RC with elevated levels of LDL-C; HRC+NLDL Elevated serum levels of RC with normal LDL-C; HRC+HLDL Elevated serum levels of both RC and LDL-C.
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Table | The Basic Characteristics of Studied Participants (n=8971)

NRC+NLDL | NRC+HLDL | HRC+NLDL | HRC+HLDL | P-value®

N=3765 N=2213 N=1043 N=1950
Age, years 39+ 15 45 + 14 45+ 15 49 + 14 <0.001
Sex, Male 1800 (47.8%) 1274 (57.6%) 547 (52.4%) 978 (50.2%) <0.001
Ethnicity <0.001
Han 3210 (85.3%) 1991 (90.0%) 991 (95.0%) 1845 (94.6%)
Uyghur 23 (0.6%) 46 (2.1%) 19 (1.8%) 86 (4.4%)
Hui 532 (14.1%) 176 (8.0%) 33 (3.2%) 19 (1.0%)
Urben 1605 (42.6%) 1126 (50.9%) 505 (48.4%) 1025 (52.6%)
Smoking status® <0.001
No 2755 (73.2%) 1472 (66.5%) 713 (68.4%) 1336 (68.5%)
Occasional 141 (3.7%) 60 (2.7%) 57 (5.5%) 77 (3.9%)
Regular 869 (23.1%) 681 (30.8%) 273 (26.2%) 537 (27.5%)
Income® <0.001
High 1057 (28.1%) 631 (28.5%) 269 (25.8%) 536 (27.5%)
Medium 1796 (47.7%) 1131 (51.1%) 463 (44.4%) 857 (43.9%)
Low 912 (24.2%) 451 (20.4%) 311 (29.8%) 557 (28.6%)
Education® <0.001
High 1284 (34.1%) 680 (30.7%) 282 (27.0%) 475 (24.4%)
Medium 1504 (39.9%) 865 (39.1%) 539 (51.7%) 975 (50.0%)
Low 977 (25.9%) 668 (30.2%) 222 (21.3%) 500 (25.6%)
Salt intake® <0.001
High 602 (16.0%) 398 (18.0%) 148 (14.2%) 378 (19.4%)
Medium 2381 (63.3%) 1440 (65.1%) 713 (68.4%) 1278 (65.5%)
Low 781 (20.7%) 374 (16.9%) 181 (17.4%) 294 (15.1%)
BMI, kg/m2 2279 + 3.40 24.58 + 3.50 2445 + 3.59 25.30 + 3.48 <0.001
WC, cm 7991 +9.97 8573+ 1028 | 8733+ 1074 | 8836+ 10.12 | <0.00I
TG, mmol/L 1.18 + 0.67 1.63 + 0.82 207 £ 1.14 2.10 + 1.00 <0.001
TC, mmol/L 3.68 + 0.59 4.80 + 0.66 439+ 071 5.69 + 0.90 <0.001
LDL-C, mmol/L | 2.07 (2.32,2.49) | 3.01 (3.36,3.77) | 2.23 (2.45,2.55) | 3.22 (3.63,4.10) | <0.00I
HDL-C, mmol/L | 1.36 + 0.39 1.34 + 0.40 1.24 + 0.42 1.35 + 0.39 <0.001
UA, mmol/L 277.33 + 81,51 | 307.91 +88.59 | 314.10 + 91.92 | 323.41 + 92.86 | <0.00I
RC, mmol/L 2.07 (2.32,2.49) | 2.23 (2.45,2.55) | 3.01 (3.36,3.77) | 3.22 (3.63,4.10) | <0.00I
DM 121 (3.2%) 134 (6.1%) 76 (7.3%) 179 (9.2%) <0.001
Hypertension 359 (9.5%) 398 (18.0%) 167 (16.0%) 369 (18.9%) <0.001
HUA 257 (6.8%) 280 (12.7%) 171 (16.4%) 386 (19.8%) <0.001

Notes: a. Never-smoker was defined as having smoked less than 100 cigarettes in one’s lifetime; Occasional smoker was
defined as having smoked at least 100 cigarettes in one’s lifetime and smoke less than 20 cigarettes per day; Regular smoker
was defined as having smoked at least 100 cigarettes in one’s lifetime and smoke equal to or more than 20 cigarettes per day.
b. Income was divided into low, medium, and high levels with the average annual income of < 10,000, < 50,000 and = 50,000
Yuan separately. c. Educational attainment was categorized as low (elementary school education or below), medium (junior
high school education or above), and high (college education or above). d. High salt intake was defined as daily intake>10 g/
day; medium salt intake was defined as daily intake 6—10 g/day; low salt intake was defined as daily intake <6 g/day. e. P-value
from Chi-square test for categorical variable and from ANOVA/Kruskal-Wallis rank test for continuous variable.
Continuous variables were presented as Means +SDs or median and interquartile range (25-75%), and categorical variables
were expressed as proportion.

Abbreviations: NRC+NLDL, Normal serum levels of both RC and LDL-C; NRC+HLDL, Normal serum levels of RC with
elevated levels of LDL-C; HRC+NLDL, Elevated serum levels of RC with normal LDL-C; HRC+HLDL, Elevated serum levels of
both RC and LDL-C; BMI, body mass index, WC, waist circumstance; TG, triglyceride; TC, total cholesterol, LDL-C low-
density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol; UA, urate; RC, remnant cholesterol; DM,
diabetes mellitus; HUA, hyperuricemia.

Furthermore, when comparing NRC groups with HRC groups, there was a notable increase in prevalences of HUA,
elevated sTG and sUA levels, as well as a heightened likelihood of concurrent DM. Subjects within Group HRC+HLDL
had the highest sUA levels. The prevalence rates of hyperuricemia across the four groups—NRC+NLDL, NRC+HLDL,
HRC+NLDL, and HRC+HLDL—were found to be 6.8%, 12.7%, 16.4%, and 19.8%, respectively.
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Associations of the Different Phenotypes of RC/LDL-C and HUA

Univariate analysis revealed significant associations between HUA and several factors including sex, ethnicity, BMI, WC,
education attainments, income levels, smoking, DM, hypertension, and the different phenotypes of RC/LDL-C
(Supplementary Material Table 3). As is shown in Table 2, multivariate modeling adjusted for age, sex, ethnicity, BMI,
WC, educational attainments, income levels, smoking status, DM, and hypertension indicated that participants belonging to
Group NRC+HLDL, Group HRC+NLDL, and Group HRC+HLDL experienced an increased risk for hyperuricemia by
37%, 96%, and 120% respectively (OR: 1.37, 95% CI: 1.13-1.66 for NRC+HDL; OR: 1.96, 95% CI: 1.57-2.45 for Group
HRC+NLDL; OR: 2.20, 95% CI: 1.82-2.65 for HRC+HDL) relative to Group NRC+NLDL. In model IV adjusted for sTG
levels, the other groups continued to demonstrate an elevated risk for hyperuricemia, with the most pronounced increase
seen in Group HRC+HDL and higher risks also noted in Group HRC+NDL, consistent with findings from other models.

Sensitivity and Subgroup Analysis

In the sensitivity analysis, we used stricter clinical indicators to evaluate the relationship between inconsistent/consistent
groups and HUA, with the cut-off value of LDL-C (1.80 mmol/L). After adjusting the variables in model III and IV, we
found that compared with the HLDL groups, the HRC groups were more closely related to HUA, among which Group
HRC+HNLDL was most closely related to HUA (OR: 2.89, 95% CI: 1.59-5.19 in model III; OR: 2.19, 95% CI.
1.21-3.99), as is shown in Table 3. In the subgroup analysis, tests for interaction were significant concerning gender
and hypertriglyceridemia (p for interaction < 0.05) (Figure 3). Among females, the effects of discordance and con-
cordance between RC and LDL-C on HUA were more pronounced. Compared to the Group NRC+NLDL, individuals in

Table 2 The Associations Between Discordant/Concordant Groups and HUA

Model | Model 1l Model Il Model IV
NRC+NLDL | Reference Reference Reference Reference
NRC+HLDL | 1.95 (1.62,2.33) | 1.39 (1.15, 1.68) | 1.37 (1.13, 1.66) | 1.28 (1.06, 1.55)
HRC+NLDL | 2.75 (2.22, 3.39) | 1.97 (1.58, 2.46) | 1.96 (1.57, 2.45) | 1.55 (1.23, 1.96)
HRC+HLDL | 3.65 (3.06, 4.35) | 2.22 (1.84, 2.67) | 2.20 (1.82, 2.65) | 1.85 (1.52, 2.25)
P-value <0.0001 <0.0001 <0.0001 <0.0001

Notes: Model I: adjusted for age and sex; Model II: adjusted for variables in Model |, ethnicity, BMI, WC,
educational attainment, income levels, smoking and salt intake; Model Ill: adjusted for variables in Model II,
DM history, and hypertension; Model IV: adjusted for variables in Model IV and sTG.NRC+NLDL Normal
serum levels of both RC and LDL-C; NRC+HLDL Normal serum levels of RC with elevated levels of LDL-C;
HRC+NLDL Elevated serum levels of RC with normal LDL-C; HRC+HLDL Elevated serum levels of both RC
and LDL-C.

Abbreviations: BMI body mass index, WC waist circumstance, sTG serum triglyceride, TC total choles-
terol, DM diabetes mellitus, HUA hyperuricemia.

Table 3 The Correlation Between Discordant/Concordant Groups (LDL-C 1.8) and

HUA
Model | Model Il Model Il Model IV
NRC+NLDL | Reference Reference Reference Reference
NRC+HLDL | 2.03 (1.43,2.89) | 1.4]1 (0.98,2.03) | 1.4]1 (0.97,2.03) | 1.27 (0.88, 1.85)
HRC+NLDL | 4.42 (2.51,7.78) | 2.92 (1.62, 5.26) | 2.87 (1.59, 5.19) | 2.19 (.21, 3.99)
HRC+HLDL | 4.42 (3.09, 6.34) | 2.46 (1.69, 3.57) | 2.45 (1.69, 3.56) | 1.82 (1.24, 2.67)
P-value <0.0001 <0.0001 <0.0001 <0.0001

Notes: Model |: adjusted for age and sex; Model |I: adjusted for variables in Model |, ethnicity, BMI, WC,
educational attainment, income levels, smoking and salt intake; Model Ill: adjusted for variables in Model II,
DM history, and hypertension; Model IV: adjusted for variables in Model IV and sTG.NRC+NLDL Normal
serum levels of both RC and LDL-C; NRC+HLDL Normal serum levels of RC with elevated levels of LDL-C;
HRC+NLDL Elevated serum levels of RC with normal LDL-C; HRC+HLDL Elevated serum levels of both RC
and LDL-C.

Abbreviations: BMI body mass index, WC waist circumstance, sTG serum triglyceride, TC total choles-
terol, DM diabetes mellitus, HUA hyperuricemia.
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Figure 3 Subgroup analyses stratified by patient characteristics.
Note: OR odds ratio, Cl Confidence interval, NRC+NLDL Normal serum levels of both RC and LDL-C; NRC+HLDL Normal serum levels of RC with elevated levels of
LDL-C; HRC+NLDL Elevated serum levels of RC with normal LDL-C; HRC+HLDL Elevated serum levels of both RC and LDL-C.

the Group NRC+HLDL exhibited an increased risk by 160%, while those in the Group HRC+NLDL showed an
increased risk by 597%; furthermore, individuals in the Group HRC+HLDL experienced a staggering 749% increase
in their risk for hyperuricemia (OR: 2.60, 95% CI: 1.25-5.43 for NRC+HLDL; OR: 6.97, 95% CI: 3.49-13.94 for HRC
+NLDL; OR: 8.49, 95% CI: 4.60-15.66 for HRC+HLDL).

Mediation Analysis

In our analysis utilizing the Process plug-in within SPSS alongside Sobel’s test to examine potential mediating effects on
the relationship between RC and HUA, we identified significant indirect effects attributable to BMI and WC. Specifically,
BMI and WC mediated 20.27% and 6.67% of this association respectively, as is illustrated in Figure 4.

b
Indirect effect: 0.053(0.041,0.065) Indirect effect: 0.014(0.008,0.021)
p<0.001 p<0.001

Mediated prppotion:20.27%; Mediated prppotion:6.77%;

Direct effect: 0.2065 (0.005,0.038) Direct effect: 0.193(0.008,0.021)
p<0.001 p<0.001

Figure 4 Mediation analysis of the association between RC and HUA. (a) Analyses of the mediation by BMI. (b) Analyses of the mediation by WC.
Abbreviations: RC remnant cholesterol, HUA hyperuricemia, BMI body mass index, WC waist circumference.
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Discussion

The present study revealed that distinct lipid phenotypes, derived from concordant or discordant levels of LDL-C and
RC, were differentially associated with the risk of HUA. The HRC+NLDL phenotype conferred greater risk than the
NRC+HLDL phenotype, suggesting RC may play a more significant role than LDL-C in HUA pathogenesis.
Furthermore, Individuals exhibiting consistently elevated levels of both RC and LDL-C demonstrated the highest risk
for hyperuricemia, suggesting a synergistic effect of this two factors. Stratified analyses indicated notable gender
disparities, with a markedly stronger association between RC and HUA observed in females.

RC refers to the cholesterol content of the TRLs that consist of VLDL in the fasting state and chylomicron remnants
in the non-fasting state.”* Highlighted in recent lipid management, RC has been demonstrated to be more strongly
associated with incident Cardiovascular Disease than LDL-C.'"* Evidence also suggested that elevated RC not only
predicted cardiovascular disease risk but also correlated with metabolic disorders and hypertension.'?!>?°

To date, several epidemiological studies have explored the relationship between RC and HUA. Zhou et al analyzed data
from the NHANES 2013 to 2020, demonstrating that elevated RC was independently associated with HUA. This association
was particularly pronounced among females, individuals under 50 years of age, and those without diabetes.!” Longitudinal
study derived from the China Health and Retirement Longitudinal Study (CHARLS) confirmed that high levels of RC served
as an independent risk factor for hyperuricemia, potentially mediated by inflammation and hypertension.”® Another study
observed a significant correlation between RC increases and HUA in hypertensive patients, partially mediated by BML"
Consistent with these findings, our study confirmed a significant association between elevated RC and increased HUA risk.
Our innovative approach, categorizing participants by RC/LDL-C discordance/concordance and employing sensitivity
analyses, further substantiated that RC’s impact on HUA surpasses that of LDL-C. Notably, this study is the first to include
WC in mediation analysis, suggesting abdominal obesity as a potential biological mechanism linking RC to HUA.

Additionally, our findings indicated that females exhibit heightened susceptibility to HUA from elevated RC
exposure, aligning with prior research.!” However, the precise mechanisms underlying these sex differences remain
inadequately explored. Factors such as dietary structure variations and hormonal influences on blood lipid profiles may
contribute to an increased susceptibility among females for developing HUA.

Direct mechanistic research on RC’s effects on uric acid metabolism is currently lacking. However, observed
interactions at various levels—including inflammation, oxidative stress, and renal excretion—suggest several plausible
pathways.

Firstly, RC is highly atherogenic—partly due to its ability to efficiently penetrate vascular endothelium and accumulate
within arterial walls. In contrast to LDL-C, RC significantly contributes to systemic inflammation.'’ An analysis of
European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk study showed that each 1 mmol/L increase
in RC was associated with a 73% elevation in high-sensitivity C-reactive protein (hs-CRP).® Another investigation found that
elevated RC correlated with increased white blood cell counts and hs-CRP levels, indicating a frequent pro-inflammatory
state."® Chronic systemic low-grade inflammation may adversely affect renal function and hinder uric acid excretion.”’

Secondly, RC are enriched in oxidized phospholipids and free cholesterol, both of which exhibit intrinsic pro-oxidative
properties.®” In metabolic disorders like hypertriglyceridemia and nonalcoholic fatty liver disease, hepatic fatty acid oxidation
may induce hypoxia-inducible factor 1-alpha, which transcriptionally activates xanthine dehydrogenase and cytoplasmic 5°-
nucleotidase II within the uric acid synthesis pathway, thereby promoting hepatic uric acid production.*'** Moreover, insulin
resistance (IR) may act as both a mediator and an amplifier. RC and IR share a complex, intertwined relationship. Previous

3334 and Lin et al demonstrated that IR mediation as a potential explanation for RC’s closer

studies reported their correlation,
association with diabetes.'* Additionally, IR was suggested to be a well-established risk factor for HUA. IR can enhance the
activity of sodium-hydrogen exchanger 3 in renal proximal tubular epithelial cells and activate urate transporter 1, resulting in
increased reabsorption of uric acid.*® Although our study did not directly analyze the role of IR concerning RC and HUA, the
observed mediation effects of BMI and WC indirectly suggest its potential significance.

Finally, excessive RC accumulation within the kidney may induce lipotoxicity, mitochondrial dysfunction, and endoplas-
mic reticulum stress—factors that can impair uric acid excretion.’® Animal study indicated that podocytes—crucial for

maintaining glomerular filtration barrier integrity—were primary targets for excess cholesterol exposure within the
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glomerulus.®’ Elevated RC levels have been proved independently linked to a decreased estimated glomerular filtration rate
and an increased susceptibility of kidney dysfunction, which may consequently result in reduced uric acid excretion.*®

Study Strengths and Limitations

Our study is the first, and currently the only one, to analyze the relationships between the LDL-C and RC concordant/
discordant groups and hyperuricemia using large-scale survey data from China. The multivariable logistic regression
model was adjusted for numerous potentially influencing covariates, including sex, age, ethnicity, income level,
educational attainment, smoking status, BMI, WC, sTG levels, and comorbidities. This comprehensive adjustment
enhances the reliability of our results. However, several limitations must be acknowledged. Firstly, the cross-sectional
design of this study precludes any causal inference regarding lipid phenotypes and hyperuricemia. Additionally, reliance
on self-reported data for lifestyle factors and past medical history may introduce bias that could affect observed
associations. Besides, the interpretation of uric acid levels in this study was challenging due to the high prevalence of
conditions like hypertension and diabetes, and the use of concomitant medications (eg, diuretics for hypertension, SGLT2
inhibitors for DM) that can alter uric acid, making it difficult to isolate the primary effect. Finally, although we accounted
for most relevant confounders in our analysis, we did not measure serum creatinine levels to evaluate renal function; this
omission may impact result accuracy due to the kidneys’ critical role in uric acid clearance.

Conclusions

In conclusion, our study demonstrates that discordance between LDL-C and RC is associated with hyperuricemia in the
general population. RC exhibits a stronger association with HUA than LDL-C, a relationship partially mediated by both
BMI and WC. Furthermore, this association is more pronounced in females, suggesting greater susceptibility to RC-
related hyperuricemia. Future prospective studies are warranted to confirm the causal relationship between RC and
hyperuricemia and to explore potential interventions targeting RC reduction.
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