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Abstract: Although patients with hyperuricemia and gout often have dyslipidemia, the effects of
febuxostat, a xanthine oxidase inhibitor, on their lipid profiles are unclear. Thus, we performed a sub-
analysis of the randomized PRIZE study in which the effects of febuxostat on carotid atherosclerosis
were investigated in patients with hyperuricemia. The participants were randomized to the febuxostat
or control group. The primary endpoint of this sub-analysis was changes in the patients’ non-high-
density lipoprotein cholesterol (HDL-C) levels from baseline to 6-month follow-up. Correlations
between the changes in lipid profiles and cardiometabolic parameters were also evaluated. In
total, 456 patients were included. From baseline to 6 months, non-HDL-C levels were significantly
reduced in the febuxostat group (−5.9 mg/dL, 95% confidence interval [CI]: −9.1 to −2.8 mg/dL,
p < 0.001), but not in the control group (−1.3 mg/dL, 95% CI: −4.4 to 1.8, p = 0.348). The reduction
in non-HDL-C levels was more pronounced in women and correlated with changes in serum uric
acid and estimated glomerular filtration rate levels only in the febuxostat group. In patients with
hyperuricemia, febuxostat treatment was associated with reduced non-HDL-C levels from baseline to
the 6-month follow-up compared to the control treatment, suggesting that the lipid-lowering effect of
febuxostat should be considered when targeting dyslipidemia.

Keywords: cholesterol; hyperuricemia; febuxostat; dyslipidemia

1. Introduction

Hyperuricemia is associated with the development of cardiovascular and renal dis-
eases, such as hypertension, atrial fibrillation, heart failure, coronary artery disease, and
chronic kidney disease [1]. From an epidemiological perspective, patients with elevated
levels of serum uric acid (SUA) are likely to have dyslipidemia and other metabolic disor-
ders [2], leading to atherosclerotic cardiovascular diseases. Guidelines recommend that
patients with gout should be screened at least annually for cardiovascular risk factors
and comorbid conditions, such as hypertension, diabetes, dyslipidemia, smoking, obesity,
and renal disease, and should be managed appropriately [3]. A longitudinal cohort study
in Japan showed that among healthy individuals, higher SUA levels at baseline were
related to an increase in low-density lipoprotein cholesterol (LDL-C) levels at the 5-year
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follow-up [4]. A meta-analysis also demonstrated that higher SUA levels were progres-
sively associated with a higher prevalence of dyslipidemia, including high triglyceride,
low high-density lipoprotein cholesterol (HDL-C), and high total cholesterol levels [5].
Although it remains unclear whether there is a direct association between hyperuricemia
and dyslipidemic disorders, therapeutic strategies against dyslipidemia may be important
for reducing atherosclerotic cardiovascular events in patients with elevated SUA levels and
gout [6]. However, it is uncertain whether uric acid-lowering medications can improve
lipid profiles and reduce the risk of dyslipidemia. A meta-analysis reported that the uric
acid-lowering effect of allopurinol, a xanthine oxidase (XO) inhibitor, does not translate
into an improvement in serum lipid levels [7], while a single-center study showed that
patients treated with febuxostat achieved better lipid profiles after 90 days than those
treated with allopurinol [8]. In this study, we aimed to assess the effects of febuxostat,
another XO inhibitor, on the lipid profiles of patients with hyperuricemia using data from a
randomized controlled trial (RCT).

2. Materials and Methods
2.1. Study Design

This was a post hoc analysis of the PRIZE study, a prospective, open-label, blinded-
endpoint trial (University Hospital Medical Information Network Clinical Trial Registry,
UMIN000012911 and UMIN000041322). The study’s protocol and design are available in
previous reports [9]. Briefly, patients who had asymptomatic hyperuricemia (SUA levels
>7.0 mg/dL) and a maximum intima–media thickness (IMT) of the common carotid artery
(CCA) of ≥1.1 mm at screening were eligible for the PRIZE study. Patients were excluded if
they received SUA-lowering medications within 8 weeks before the eligibility assessment,
and if they had gouty tophus or symptoms of gouty arthritis within 1 year prior to the
assessment. Participants with hyperuricemia and significant carotid plaques in the PRIZE
study were randomly assigned to the febuxostat group or the control (no intervention)
group, and they also implemented appropriate lifestyle modifications for hyperuricemia.
Randomization was stratified according to age, sex, presence of diabetes, SUA levels, and
maximum CCA-IMT. In the febuxostat group, patients were treated with an initial daily
dose of 10 mg, followed by an increased dose of 20 mg at the 1-month timepoint and 40 mg
at the 2-month timepoint, if tolerated. Although a daily dose of 40 mg was the targeted
maintenance dose, a daily dose of 60 mg was allowed at 3 months or later. In the control
group, the intervention solely involved appropriate lifestyle modifications. Patients with
missing data regarding non-HDL-C levels at baseline were also excluded (Figure 1).
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The PRIZE study was conducted in compliance with the Declaration of Helsinki,
and this sub-analysis of the PRIZE study was approved by the Ethics Committee Saga
University Hospital (2020-05-R01). All the participants of the PRIZE study provided written
informed consent.

2.2. Measurements and Outcomes

Blood samples were obtained at baseline and after 6, 12, and 24 months. The levels of
non-HDL-C, total cholesterol, HDL-C, LDL-C, and triglycerides were measured. SUA levels,
body mass index (BMI), systolic blood pressure (SBP), and estimated glomerular filtration
rate (eGFR) were also measured and recorded at each timepoint. The primary endpoint
of the present sub-analysis was the non-HDL-C level [10], and the primary interest was
determining the impact of febuxostat treatment on lipid profiles. Because non-HDL-C and
SUA levels changed significantly from baseline to 6 months and did not differ significantly
thereafter, we mainly focused on the changes up to the 6-month follow-up. Correlations
between changes in non-HDL-C and cardiometabolic variables (i.e., SUA levels, BMI, SBP,
and eGFR) from baseline to 6 months were also evaluated.

2.3. Statistical Analysis

Statistical analysis was conducted by an independent biostatistician using R statistical
software, version 4.0.2 (R Foundation for Statistical Computing, Vienna, Austria). All con-
tinuous variables were shown as medians [interquartile ranges], and categorical variables
as frequencies (percentages). The standard mean difference between the febuxostat and
control groups was calculated. We used linear mixed-effects models, including treatment
group and time interaction terms, to estimate group differences at each timepoint, and
compared the trajectories of lipid profiles (non-HDL-C, total cholesterol, HDL-C, LDL-C,
and triglycerides), SUA levels, BMI, SBP, and eGFR between adjacent timepoints. Effect
modification, which examined whether the effect of the treatment group on the non-HDL-C
trajectory was influenced by the levels of a covariate, was evaluated using interaction
analysis. This involved the introduction of a cross-product term between the treatment
group and a binary variable representing a subgroup of patients in the mixed-effects model.
Forest plots were used to visually represent the effects of modifications. Correlations be-
tween changes in non-HDL-C and cardiometabolic variables from baseline to the 6-month
follow-up were also assessed using mixed-effects models that incorporated treatment group
and time interaction terms. Statistical significance was set at p < 0.05.

3. Results

From May 2014 to June 2016, 514 patients were registered in the PRIZE study and
randomized to the febuxostat or control group, of whom 456 (229 and 227 in the febuxostat
and control groups, respectively) were included in the present study (Figure 1). Their
baseline characteristics are listed in Table 1. Overall, the median age was 71 years; men
accounted for more than 80% of the study population; and cardiovascular risk factors,
particularly hypertension, were prevalent (Table 1). The median non-HDL-C level was
128.0 mg/dL, with statins in 48.5% of patients, eicosapentaenoic acid in 3.5%, ezetimibe in
3.3%, and fibrates in 1.8% at baseline. The two groups were well balanced (Table 1). Details
of the lipid-lowering drugs used at each timepoint are listed in Table 2, which shows that
changes in the two groups and between-group differences in medication use were small.

Table 1. Baseline characteristics.

Variable
All Febuxostat Group Control Group

SMD
(n = 456) (n = 229) (n = 227)

Age (years) 71.0 [63.0, 77.0] 70.0 [63.0, 76.0] 71.0 [63.0, 78.0] 0.020
Male 367 (80.5%) 181 (79.0%) 186 (81.9%) 0.073
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Table 1. Cont.

Variable
All Febuxostat Group Control Group

SMD
(n = 456) (n = 229) (n = 227)

Body mass index (kg/m2) 24.6 [22.5, 27.0] 24.4 [22.3, 26.8] 24.7 [22.7, 27.2] 0.024
<18.5 15 (3.3%) 5 (2.2%) 10 (4.4%)

18.5–24.9 231 (50.9%) 124 (54.1%) 107 (47.6%)
25.0–29.9 167 (36.8%) 77 (33.6%) 90 (40.6%)
30.0–34.9 32 (7.0%) 15 (6.6%) 17 (7.6%)

≥35 9 (2.0%) 8 (3.5%) 1 (0.4%)
Hypertension 404 (88.6%) 203 (88.6%) 201 (88.5%) 0.003

Antihypertensive drugs 415 (91.0%) 208 (90.8%) 207 (91.2%) 0.013
Diabetes 164 (36.0%) 83 (36.2%) 81 (35.7%) 0.012

Dyslipidemia 269 (59.0%) 137 (59.8%) 132 (58.1%) 0.034
Prior ASCVD 147 (32.2%) 73 (31.9%) 74 (32.6%) 0.015

eGFR (mL/min/1.73 m2) 55.0 [45.5, 66.7] 54.9 [44.7, 65.9] 55.4 [46.8, 66.8] 0.100
Serum uric acid (mg/dL) 7.6 [7.1, 8.2] 7.6 [7.2, 8.2] 7.6 [7.1, 8.3] 0.058

Non-HDL-C (mg/dL) 128.0 [105.5, 153.5] 128.0 [106.0, 156.0] 126.0 [105.0, 153.0] 0.053
Total cholesterol (mg/dL) 181.0 [156.0, 204.5] 182.0 [156.0, 205.0] 179.0 [155.0, 204.0] 0.034

HDL-C (mg/dL) 50.0 [42.5, 60.2] 49.0 [42.0, 60.0] 51.0 [43.0, 61.0] 0.045
LDL-C (mg/dL) 97.4 [77.6, 120.8] 97.6 [79.2, 119.6] 95.9 [74.6, 121.6] 0.034

Triglyceride (mg/dL) 125.5 [90.0, 191.5] 125.0 [93.0, 195.0] 129.0 [88.0, 182.0] 0.030

ASCVD, atherosclerotic cardiovascular disease; eGFR, estimated glomerular filtration rate; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SMD, standard mean difference.

Table 2. Lipid-lowering drugs used at each time point.

Variable
All Febuxostat Group Control Group

SMD
(n = 456) (n = 229) (n = 227)

At baseline (n) 456 229 227
Statin 221 (48.5%) 108 (47.2%) 113 (50.2%) 0.052

Fibrate 8 (1.8%) 3 (1.3%) 5 (2.2%) 0.068
EPA 16 (3.5%) 5 (2.2%) 11 (4.8%) 0.145

Ezetimibe 16 (3.3%) 10 (4.2%) 6 (2.5%) 0.094
At 6 months (n) 448 225 223

Statin 219 (48.9%) 109 (48.4%) 110 (49.3%) 0.018
Fibrate 9 (2.0%) 3 (1.3%) 6 (2.7%) 0.097

EPA 16 (3.6%) 5 (2.2%) 11 (4.9%) 0.146
Ezetimibe 15 (3.3%) 9 (4.0%) 6 (2.7%) 0.073

At 12 months (n) 429 217 212
Statin 205 (47.8%) 104 (47.9%) 101 (47.6%) 0.006

Fibrate 9 (2.1%) 3 (1.4%) 6 (2.8%) 0.101
EPA 16 (3.7%) 5 (2.3%) 11 (5.2%) 0.152

Ezetimibe 15 (3.5%) 8 (3.7%) 7 (3.3%) 0.021
At 24 months (n) 407 211 196

Statin 197 (48.4%) 101 (47.9%) 96 (49.0%) 0.022
Fibrate 8 (2.0%) 2 (0.9%) 6 (3.1%) 0.151

EPA 16 (3.9%) 4 (1.9%) 12 (6.1%) 0.217
Ezetimibe 15 (3.7%) 8 (3.8%) 7 (3.6%) 0.012

EPA, eicosapentaenoic acid; SMD, standard mean difference.

From baseline to 6 months, non-HDL-C, total cholesterol, LDL-C, and SUA levels
were significantly reduced in the febuxostat group, but not in the control group (Figure 2).
No significant changes were found in other cardiometabolic variables, such as HDL-C
levels, triglycerides, SUA levels, BMI, SBP, and eGFR, at the 6-month follow-up (Figure 2).
Between-group differences in non-HDL-C, total cholesterol, triglyceride, and SUA levels
from baseline to the 6-month follow-up were significant (Table 3). Subgroup analysis
revealed that the non-HDL-C-lowering effect was likely to be greater in women treated
with febuxostat (Figure 3). Changes in non-HDL-C levels from baseline to 6 months were
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significantly correlated with changes in SUA levels and eGFR in the febuxostat group, but
not in the control group (Figure 4). The between-group interactions were not significant
for the correlation of changes in non-HDL-C levels with changes in SUA levels, BMI,
SBP, and eGFR (Figure 4). Similarly, changes in non-HDL-C levels from baseline to the
6-month follow-up were significantly correlated with changes in SUA levels and eGFR in
the febuxostat group, but not in the control group (Figure S1).
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Figure 2. Absolute changes in metabolic parameters during the 24-month follow-up period. BMI,
body mass index; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; SUA, serum
uric acid; TC, total cholesterol; TG, triglyceride.

Table 3. Changes from baseline in cardiometabolic variables at 6 months.

Variable
Febuxostat Group

p-Value *
Control Group

p-Value *
Group Difference

p-Value **
Changes (95% CI) Changes (95% CI) (95% CI)

Non-HDL-C (mg/dL) −5.9 (−9.1 to −2.8) <0.001 −1.3 (−4.4 to 1.8) 0.348 −4.6 (−9.1 to −0.2) 0.039
Total cholesterol

(mg/dL) −5.8 (−9.0 to −2.5) <0.001 −1.2 (−4.4 to 2.1) 0.424 −4.6 (−9.2 to −0.0) 0.048

HDL-C (mg/dL) 0.7 (−0.6 to 1.9) 0.637 0.7 (−0.6 to 1.9) 0.711 −0.0 (−1.8 to 1.8) 0.984
LDL-C (mg/dL) −3.8 (−6.7 to −0.8) 0.002 −2.0 (−4.5 to 0.9) 0.076 −1.7 (−5.9 to 2.4) 0.411

Triglyceride (mg/dL) −5.1 (−5.8 to 16.0) 0.171 22.9 (11.8 to 34.0) 0.077 −17.8 (−33.1 to −2.5) 0.023
Serum uric acid (mg/dL) −2.5 (−2.7 to −2.4) <0.001 −0.3 (−0.4 to −0.1) <0.001 −2.3 (−2.5 to −2.1) <0.001

Body mass index
(kg/m2) −0.0 (−0.2 to −0.1) 0.738 −0.0 (−0.1 to 0.2) 0.946 −0.0 (−0.3 to 0.2) 0.801

Systolic BP (mmHg) 0.3 (−1.6 to 2.2) 0.824 0.8 (−1.1 to 2.8) 0.059 −0.5 (−3.3 to 2.2) 0.698
eGFR (mL/min/1.73 m2) −0.0 (−1.0 to 0.9) 0.909 0.1 (−0.9 to 1.1) 0.997 −0.1 (−1.5 to 1.3) 0.869

* For changes; ** for groups. CI, confidence interval; BP, blood pressure; eGFR, estimated glomerular filtration
rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride.
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4. Discussion

In this sub-analysis of the PRIZE study, the febuxostat treatment was associated with
reduced non-HDL-C levels from baseline to the 6-month follow-up compared with the
control treatment in patients with elevated SUA levels. The reduction in non-HDL-C levels
was more evident in women and correlated with changes in SUA levels and eGFR in the
febuxostat group. The lipid-lowering effect of febuxostat may translate into better care of
patients with elevated SUA levels.
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4.1. Uric Acid Lowering and Lipid Profiles

Although causality has not yet been established, patients with elevated levels of
SUA are at a high risk of cardiovascular events. This association may be partly due to
the direct effects of uric acid, including inflammation, oxidative stress, and endothelial
dysfunction, while concomitant cardiovascular risk factors in patients with elevated SUA
levels and gout presumably play significant roles in the development of cardiovascular and
renal diseases [1]. Thus, therapeutic strategies against dyslipidemia (e.g., statins) may be
important in improving clinical outcomes in this patient population [6]; however, the effects
of uric acid-lowering medications on lipid profiles remain unclear, particularly in the case of
newer XO inhibitors. A systematic meta-analysis of seven prospective studies showed that
allopurinol (100–300 mg daily) reduced SUA levels by approximately 2 mg/dL, while no
effects on lipid profiles, including total cholesterol, HDL-C, LDL-C, and triglyceride levels,
were found at the 24-month follow-up [7]. Interestingly, several studies have indicated
the beneficial effects of allopurinol on oxidized LDL levels [11,12]. A randomized, double-
blind, placebo-controlled crossover study (n = 80) showed that in patients with stable
obstructive coronary disease, a high dose of allopurinol (300–600 mg daily) was associated
with improved systemic endothelial function—as evaluated by flow-mediated dilation—
and a relative reduction in oxidized LDL after 8 weeks of treatment [12], suggesting the
potential of using XO inhibition to ameliorate dyslipidemic conditions. However, data
on new XO inhibitors, including febuxostat and topiroxostat, are limited. A single-center,
non-randomized study in China (n = 60) indicated that patients treated with febuxostat
(80 mg daily) had lower total cholesterol (−16.8 ± 14.8 vs. 2.9 ± 4.1 mg/dL, p < 0.001)
and LDL-C (−15.1 ± 2.7 vs. 2.5 ± 7.0 mg/dL, p < 0.001) levels at the 90-day follow-up
than those treated with allopurinol (300 mg daily) [8]. In another retrospective, single-
arm observational study in Japan (n = 83), the initiation of treatment with topiroxostat
was associated with a reduction in total cholesterol and LDL-C levels in patients with
hyperuricemia, with changes from baseline to 24 weeks of −9.1 ± 26.6 mg/dL (p < 0.01)
and −9.1 ± 24.1 mg/dL (p < 0.01), respectively [13]. In a Japanese study, a reduction in total
cholesterol levels significantly correlated with reduced SUA levels (r = 0.23, p < 0.05) [13],
which may be in line with our results. However, the robustness of these findings is limited
because of the non-randomized and retrospective study designs with small sample sizes.

4.2. Effects of Febuxostat on Lipid Profiles

To evaluate the pharmacological effects of febuxostat on lipid profiles, we assessed
the changes in these parameters from baseline to 6 months. During this period, febuxostat
treatment resulted in a relative reduction of 4.6 mg/dL in non-HDL-C levels compared
with the control treatment. This reduction was mainly driven by the reduced LDL-C
levels and a relative increase in triglyceride levels in the control group. Considering the
established linear relation between non-HDL-C and LDL-C levels and cardiovascular
outcomes, these results may be clinically relevant [14]. The present study also indicates that
febuxostat’s potential effect of lowering cholesterol levels may be more evident in women.
Although the underlying mechanisms are unclear, an experimental study suggested that
elevated levels of serum cholesterol and the cholesterol metabolite 27-hydroxycholesterol
upregulate the expression of the uric acid reabsorption transporter (URAT1), which is
encoded by SLC22A12 through estrogen receptors [15]. It is conceivable that elevated
URAT1 expression increases SUA levels via reabsorption, although it remains uncertain
whether the reduction in SUA levels by febuxostat treatment, in turn, reduces cholesterol
levels; therefore, this warrants further investigation. In the present study, the reduced
non-HDL-C levels correlated with a reduction in SUA levels and elevated eGFR at 6
months. These correlations were found in the febuxostat group, but not in the control
group. The correlations were modest but suggested the presence of the URAT1 and
SLC22A12 pathways as part of the mechanisms. From the perspective of medications
for dyslipidemia, atorvastatin and fenofibrate have reportedly lowered SUA levels in
RCTs [16,17]. In addition, another sub-analysis of the PRIZE study demonstrated the
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potential effect of febuxostat in lowering the levels of malondialdehyde-modified LDL, an
oxidative stress marker [18]. When considering these findings together, we believe that the
association between dyslipidemia and uric acid requires further investigation. Given that,
according to an expert consensus document [19], even a small increase in SUA levels can
be related to a significant increase in complications in patients with hyperuricemia, uric
acid-lowering therapy using XO inhibitors may be clinically relevant. In addition to that
point, febuxostat treatment may be considered when treating patients with hyperuricemia
and dyslipidemia, particularly women.

4.3. Limitations

The present study has limitations. The PRIZE study is a prospective RCT, and this
sub-analysis was conducted in a post hoc manner. Owing to the open-label design of the
PRIZE study, treatment decisions may have been affected by study allocation; however,
the details of the medications for dyslipidemia were balanced between the febuxostat and
control groups. Although the close relationships of metabolic syndrome and dyslipidemia
to inflammation are well-known [20], the present study did not evaluate inflammatory
biomarkers such as C-reactive protein. We used the first 6 months of the study period
to evaluate febuxostat’s pharmacological potential in relation to lipid profiles, but no
significant differences in these parameters were found between the two groups at 24 months
(Table S1). However, non-HDL-C levels were consistently lower in the febuxostat group
than in the control group during the 24-month follow-up period, and no remarkable
changes in cardiometabolic parameters were observed after 6 months. Participants in the
PRIZE study had asymptomatic hyperuricemia and carotid plaques (CCA-IMT ≥1.1 mm at
screening), which is a predictor of cardiovascular events [21,22]. Therefore, it is uncertain
whether our results can be extrapolated to other populations.

5. Conclusions

In patients with hyperuricemia, the febuxostat treatment resulted in a greater reduction
in non-HDL-C levels at 6 months than the control treatment in an RCT setting, particularly
in women. A reduction in non-HDL-C levels was correlated with changes in SUA levels
and eGFR only in the febuxostat group. The lipid-lowering effect of febuxostat should be
considered when targeting dyslipidemia.
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Author Contributions: Conceptualization, A.T.; methodology, Y.S., A.T. and H.Y.; formal analysis,
H.Y.; investigation, A.T., H.N., N.B., M.M. and the PRIZE Study Investigators; resources, A.T. and
K.N.; data curation, H.Y.; writing—original draft preparation, Y.S.; writing—review and editing, A.T.,
H.Y., H.N., N.B., M.M., Y.K. and K.N.; visualization, Y.S. and H.Y.; supervision, Y.K. and K.N.; project
administration, A.T. and K.N.; funding acquisition, K.N. All authors have read and agreed to the
published version of the manuscript.

Funding: The PRIZE study was supported by Teijin Pharma, Ltd., Japan. The funding body played
no role in the study’s design, data collection, or analysis; the decision to publish the results; or the
preparation of the manuscript.

Institutional Review Board Statement: This study involves human participants and was approved by
the ‘Ethics Committee Saga University Hospital’ 2013-10-02’ for UMIN000012911‘, ’2020-05-R01’ for
UMIN000041322. The study protocol was initially approved by the local institutional review boards
and independent ethics committees at all study sites. The study was conducted in full compliance
with the Declaration of Helsinki and according to the Ethical Guidelines for Medical and Health
Research Involving Human Subjects, established by the Ministry of Health, Labour, and Welfare as
well as the Ministry of Education, Culture, Sports, Science and Technology in Japan.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

https://www.mdpi.com/article/10.3390/nu16142324/s1
https://www.mdpi.com/article/10.3390/nu16142324/s1


Nutrients 2024, 16, 2324 9 of 10

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

Acknowledgments: The authors are grateful to all participants and staff for their contributions to the
PRIZE study. This work was partly supported by the Taiju Life Social Welfare Foundation.

Conflicts of Interest: A.T. received honoraria from Boehringer Ingelheim Japan and Mochida, as
well as research funding from GlaxoSmithKline, Takeda, Bristol Myers Squibb, and Novo Nordisk.
H.Y. has received lecture fees from Kyowa Kirin, and outsourcing fees from the Organization for
Clinical Medicine Promotion. M.M. has received honoraria from Boehringer Ingelheim Japan, Eli Lilly
Japan, Abbott Japan, Kyowa Kirin, Sumitomo Pharma, Sanofi, Termo, and Novo Nordisk Pharma.
Y.K. received lecture fees from Abbott Medical Japan and Daiichi Sankyo, as well as research grants
from Abbott Medical Japan, Win International, Otsuka Pharmaceutical, Boehringer Ingelheim, Nipro,
and Japan Lifline. K.N. has received honoraria from AstraZeneca, Bayer, Boehringer Ingelheim
Japan, Daiichi Sankyo, Eli Lilly Japan, Kowa, Mitsubishi Tanabe, MSD, Novartis, Novo Nordisk, and
Otsuka; research grants from Astellas, Bayer, Boehringer Ingelheim Japan, Fuji Yakuhin, Mochida,
and Novartis; and scholarships from Abbott Medical, Boehringer Ingelheim Japan, Daiichi Sankyo
Healthcare, Mitsubishi Tanabe, and Teijin. All other authors declare no competing interests.

References
1. Saito, Y.; Tanaka, A.; Node, K.; Kobayashi, Y. Uric acid and cardiovascular disease: A clinical review. J. Cardiol. 2021, 78, 51–57.

[CrossRef] [PubMed]
2. Pang, S.; Jiang, Q.; Sun, P.; Li, Y.; Zhu, Y.; Liu, J.; Ye, X.; Chen, T.; Zhao, F.; Yang, W. Hyperuricemia prevalence and its association

with metabolic disorders: A multicenter retrospective real-world study in China. Ann. Transl. Med. 2021, 9, 1550. [CrossRef]
[PubMed]

3. Hui, M.; Carr, A.; Cameron, S.; Davenport, G.; Doherty, M.; Forrester, H.; Jenkins, W.; Jordan, K.M.; Mallen, C.D.; McDonald, T.M.;
et al. The British Society for Rheumatology Guideline for the Management of Gout. Rheumatology 2017, 56, e1–e20. [CrossRef]
[PubMed]

4. Kuwabara, M.; Borghi, C.; Cicero, A.F.G.; Hisatome, I.; Niwa, K.; Ohno, M.; Johnson, R.J.; Lanaspa, M.A. Elevated serum uric acid
increases risks for developing high LDL cholesterol and hypertriglyceridemia: A five-year cohort study in Japan. Int. J. Cardiol.
2018, 261, 183–188. [CrossRef] [PubMed]

5. Chen, S.; Yang, H.; Chen, Y.; Wang, J.; Xu, L.; Miao, M.; Xu, C. Association between serum uric acid levels and dyslipidemia in
Chinese adults: A cross-sectional study and further meta-analysis. Medicine 2020, 99, e19088. [CrossRef] [PubMed]

6. Keller, S.F.; Rai, S.K.; Lu, N.; Oza, A.; Jorge, A.M.; Zhang, Y.; Choi, H.K. Statin use and mortality in gout: A general population-
based cohort study. Semin. Arthritis. Rheum. 2018, 48, 449–455. [CrossRef] [PubMed]

7. Castro, V.M.F.; Melo, A.C.; Belo, V.S.; Chaves, V.E. Effect of allopurinol and uric acid normalization on serum lipids hyperuricemic
subjects: A systematic review with meta-analysis. Clin. Biochem. 2017, 50, 1289–1297. [CrossRef] [PubMed]

8. Turab, M.; Hasan, S.S.; Zaidi, S.A.; Khalid, S.; Shaikh, F.; Zehra, D. The Allopurinol and Febuxostat in the Treatment of
Hyperuricemic Patients and Their Impact on Lipid Fractions (Cholesterol, LDL, HDL). J. Hunan Univ. Nat. Sci. 2022, 49, 282–289.
[CrossRef]

9. Tanaka, A.; Taguchi, I.; Teragawa, H.; Ishizaka, N.; Kanzaki, Y.; Tomiyama, H.; Sata, M.; Sezai, A.; Eguchi, K.; Kato, T.; et al.
Febuxostat does not delay progression of carotid atherosclerosis in patients with asymptomatic hyperuricemia: A randomized,
controlled trial. PLoS Med. 2020, 17, e1003095. [CrossRef]

10. Mach, F.; Baigent, C.; Catapano, A.L.; Koskinas, K.C.; Casula, M.; Badimon, L.; Chapman, M.J.; De Backer, G.G.; Delgado, V.;
Ference, B.A.; et al. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: Lipid modification to reduce cardiovascular
risk. Eur. Heart J. 2020, 41, 111–188. [CrossRef]

11. Tsutsumi, Z.; Moriwaki, Y.; Takahashi, S.; Ka, T.; Yamamoto, T. Oxidized low-density lipoprotein autoantibodies in patients with
primary gout: Effect of urate-lowering therapy. Clin. Chim. Acta. 2004, 339, 117–122. [CrossRef] [PubMed]

12. Rajendra, N.S.; Ireland, S.; George, J.; Belch, J.J.; Lang, C.C.; Struthers, A.D. Mechanistic insights into the therapeutic use of
high-dose allopurinol in angina pectoris. J. Am. Coll. Cardiol. 2011, 58, 820–828. [CrossRef] [PubMed]

13. Tohyo, S. Topiroxostat influences circulating lipid concentrations in hyperuricemic patients. Int. J. Clin. Pharmacol. Ther. 2019, 57,
567–570. [CrossRef] [PubMed]

14. Brunner, F.J.; Waldeyer, C.; Ojeda, F.; Salomaa, V.; Kee, F.; Sans, S.; Thorand, B.; Giampaoli, S.; Brambilla, P.; Tunstall-Pedoe, H.;
et al. Application of non-HDL cholesterol for population-based cardiovascular risk stratification: Results from the Multinational
Cardiovascular Risk Consortium. Lancet 2019, 394, 2173–2183. [CrossRef] [PubMed]

15. Matsubayashi, M.; Sakaguchi, Y.M.; Sahara, Y.; Nanaura, H.; Kikuchi, S.; Asghari, A.; Bui, L.; Kobashigawa, S.; Nakanishi, M.;
Nagata, R.; et al. 27-Hydroxycholesterol regulates human SLC22A12 gene expression through estrogen receptor action. FASEB J.
2021, 35, e21262. [CrossRef]

16. Milionis, H.J.; Kakafika, A.I.; Tsouli, S.G.; Athyros, V.G.; Bairaktari, E.T.; Seferiadis, K.I.; Elisaf, M.S. Effects of statin treatment on
uric acid homeostasis in patients with primary hyperlipidemia. Am. Heart J. 2004, 148, 635–640. [CrossRef] [PubMed]

https://doi.org/10.1016/j.jjcc.2020.12.013
https://www.ncbi.nlm.nih.gov/pubmed/33388217
https://doi.org/10.21037/atm-21-5052
https://www.ncbi.nlm.nih.gov/pubmed/34790756
https://doi.org/10.1093/rheumatology/kex156
https://www.ncbi.nlm.nih.gov/pubmed/28549177
https://doi.org/10.1016/j.ijcard.2018.03.045
https://www.ncbi.nlm.nih.gov/pubmed/29551256
https://doi.org/10.1097/MD.0000000000019088
https://www.ncbi.nlm.nih.gov/pubmed/32176036
https://doi.org/10.1016/j.semarthrit.2018.03.007
https://www.ncbi.nlm.nih.gov/pubmed/29801703
https://doi.org/10.1016/j.clinbiochem.2017.07.013
https://www.ncbi.nlm.nih.gov/pubmed/28754333
https://doi.org/10.55463/issn.1674-2974.49.1.34
https://doi.org/10.1371/journal.pmed.1003095
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1016/j.cccn.2003.09.019
https://www.ncbi.nlm.nih.gov/pubmed/14687901
https://doi.org/10.1016/j.jacc.2010.12.052
https://www.ncbi.nlm.nih.gov/pubmed/21835317
https://doi.org/10.5414/CP203478
https://www.ncbi.nlm.nih.gov/pubmed/31496508
https://doi.org/10.1016/S0140-6736(19)32519-X
https://www.ncbi.nlm.nih.gov/pubmed/31810609
https://doi.org/10.1096/fj.202002077R
https://doi.org/10.1016/j.ahj.2004.04.005
https://www.ncbi.nlm.nih.gov/pubmed/15459594


Nutrients 2024, 16, 2324 10 of 10

17. Waldman, B.; Ansquer, J.C.; Sullivan, D.R.; Jenkins, A.J.; McGill, N.; Buizen, L.; Davis, T.M.E.; Best, J.D.; Li, L.; Feher, M.D.; et al.
Effect of fenofibrate on uric acid and gout in type 2 diabetes: A post-hoc analysis of the randomised, controlled FIELD study.
Lancet Diabetes Endocrinol. 2018, 6, 310–318. [CrossRef]

18. Teragawa, H.; Tanaka, A.; Fujii, Y.; Yoshida, H.; Ueda, T.; Nomura, S.; Kadokami, T.; Koide, H.; Saito, M.; Sano, H.; et al. Effect of
febuxostat on the level of malondialdehyde-modified low-density lipoprotein, an oxidative stress marker: A subanalysis of the
PRIZE study. Clin. Cardiol. 2023, 46, 698–706. [CrossRef] [PubMed]

19. Borghi, C.; Domienik-Karłowicz, J.; Tykarski, A.; Filipiak, K.J.; Jaguszewski, M.J.; Narkiewicz, K.; Barylski, M.; Mamcarz, A.; Wolf,
J.; Mancia, G. Expert consensus for the diagnosis and treatment of patients with hyperuricemia and high cardiovascular risk:
2023 update. Cardiol. J. 2024, 31, 1–14. [CrossRef]

20. Hotamisligil, G.S. Inflammation and metabolic disorders. Nature 2006, 444, 860–867. [CrossRef]
21. Willeit, P.; Tschiderer, L.; Allara, E.; Reuber, K.; Seekircher, L.; Gao, L.; Liao, X.; Lonn, E.; Gerstein, H.C.; Yusuf, S.; et al. Carotid

Intima-Media Thickness Progression as Surrogate Marker for Cardiovascular Risk: Meta-Analysis of 119 Clinical Trials Involving
100 667 Patients. Circulation 2020, 142, 621–642. [CrossRef] [PubMed]

22. Tschiderer, L.; Klingenschmid, G.; Seekircher, L.; Willeit, P. Carotid intima-media thickness predicts carotid plaque development:
Meta-analysis of seven studies involving 9341 participants. Eur. J. Clin. Investig. 2020, 50, e13217. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/S2213-8587(18)30029-9
https://doi.org/10.1002/clc.24014
https://www.ncbi.nlm.nih.gov/pubmed/36991567
https://doi.org/10.5603/cj.98254
https://doi.org/10.1038/nature05485
https://doi.org/10.1161/CIRCULATIONAHA.120.046361
https://www.ncbi.nlm.nih.gov/pubmed/32546049
https://doi.org/10.1111/eci.13217
https://www.ncbi.nlm.nih.gov/pubmed/32112400

	Introduction 
	Materials and Methods 
	Study Design 
	Measurements and Outcomes 
	Statistical Analysis 

	Results 
	Discussion 
	Uric Acid Lowering and Lipid Profiles 
	Effects of Febuxostat on Lipid Profiles 
	Limitations 

	Conclusions 
	References

