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Abstract Background and aims: Uric acid (UA) and high-density lipoprotein cholesterol (HDL-C)
are positively and negatively associated with atherosclerosis, respectively. UA and HDL-C are
involved in the balance of proinﬂammatory and anti-inﬂammatory processes in atherosclerosis.
However, it is still unclear whether UA affects the effect of HDL-C on atherosclerosis.
Methods and results: In this retrospective study, we enrolled 1437 patients with multiple risk factors for atherosclerosis. Patients were categorized into two groups according to their baseline UA
level. Multivariate logistic regression analysis and restricted cubic spline curves were used to
assess the relationship between HDL-C and carotid atherosclerosis (abnormal carotid intima
emedia thickness [cIMT] and carotid artery plaque) at different UA levels. Compared to patients
with normouricemia, patients with hyperuricemia were older and had a more extensive history
of disease and unhealthy behavior. In the normouricemia group, multivariate-adjusted odds ratios (95% CIs) for HDL-C were 0.55 (0.33e0.92) for abnormal mean cIMT, 0.59 (0.35e1.00) for
abnormal maximum cIMT, and 0.53 (0.29e0.94) for the occurrence of carotid artery plaque,
while the correlation between each of these three indicators with HDL-C were not signiﬁcant
in those with hyperuricemia. Spline regression models yielded similar results. The effect of UA
on the association between HDL-C and carotid atherosclerosis remained in the subset of patients
with optimal low-density lipoprotein cholesterol.
Conclusion: Elevated UA marks a pre-inﬂammatory state and impacts the role of HDL-C on carotid atherosclerosis.
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1. Introduction

2. Methods

Atherosclerosis is the most common cause of cardiovascular disease, with the highest morbidity and mortality.
Serum uric acid (UA), the ﬁnal product of purine metabolism, has a dual role of oxidation and anti-oxidation.
According to emerging evidence from epidemiological and
genetic studies, elevated UA plays an important role in the
development and progression of atherosclerotic cardiovascular disease (ASCVD) [1,2]. Hyperuricemia is associated with inﬂammatory response and oxidative stress and
leads to endothelial dysfunction, which promotes the
development of atherosclerosis and plaque [3]. Several
studies have indicated that hyperuricemia is not only
associated with risk factors for ASCVD, but is itself a risk
factor for ASCVD [4,5]. Thus, it may be hypothesized that
UA interacts with other risk factors in the process of
atherosclerosis.
High-density lipoprotein cholesterol (HDL-C) is a
plasma lipoprotein with good anti-inﬂammatory and
antioxidant properties. Endothelial protection and
reverse cholesterol transport form the core function of
HDL-C against atherosclerosis [6]. As one of the manifestations of dyslipidemia, low HDL-C level increases the
oxidative status of the body [7]. HDL-C and UA have
opposite effects on atherosclerosis, and both the high UA
and the low HDL-C levels are associated with increased
ASCVD risk and mortality [8,9]. Onat et al. proposed that
elevated serum UA levels were accompanied by a proinﬂammatory state and HDL dysfunction [10]. Using the
Mendelian randomization method, Biradar et al. showed
that hyperuricemia could increase the risk of metabolic
syndrome by lowering HDL-C level [11]. However, in a
Japanese cohort followed up for 5 years, Kuwabara et al.
found that the elevated level of UA was not an independent risk factor for low HDL-C [12]. The interaction between UA and HDL-C in serum and biological function is
complex, and their contribution to the atherosclerosis
process is still unknown.
Carotid intimaemedia thickness (cIMT) and carotid
artery plaque, noninvasively measured by carotid artery
ultrasonography, are surrogate markers of the presence
and progression of atherosclerosis [13,14]. Previous
studies have reported that the inﬂuence of UA and HDL-C
on atherosclerosis can be reﬂected by cIMT and carotid
artery plaque [15e20]. Early detection and treatment of
atherosclerosis in subclinical setting can help prevent
ASCVD events and signiﬁcantly reduce the risk of death
[21]. For effectively prevention of ASCVD, it is increasingly
important to weigh the effects between risk factors. In
view of the conﬂict between the antioxidant and prooxidant properties of UA, as well as the potential metabolic
relationship between UA and HDL-C, our study aimed to
clarify whether the effect of HDL-C on carotid atherosclerosis could be affected by different level of UA. In
addition, we assessed the degree of inﬂammation in
different situations and preliminarily explored possible
mechanisms.

2.1. Study population
In the current retrospective study, we consecutively
included 1654 patients who underwent initial coronary
angiography for highly suspected CAD, including chest
pain with typical change in ECG or severe lesion in coronary CT angiography screening at Guangdong Provincial
People’s Hospital from September 2014 to September
2015. Information on demographic characteristics,
comorbidities (hypertension, diabetes, stroke, and chronic
kidney disease), health behaviors, laboratory results, and
carotid ultrasound examinations was retrieved from electronic medical records. Serum UA was measured on
admission, and patients were divided into two groups
based on serum UA cutoff level of 6.8 mg/dL as previously
reported [22,23]. A total of 186 patients without UA data,
10 patients without HDL-C data, and 21 patients without
information from carotid ultrasonography examination
were excluded (Fig. 1). This study was conducted in
accordance with the Declaration of Helsinki. The study was
approved by the Ethics Committee of Guangdong Provincial People’s Hospital, and all patients provided their verbal informed consent.
2.2. Carotid atherosclerosis assessment
Experienced sonographers who were unaware of participants’ baseline information manually performed carotid
ultrasonography examination on a day close to the day of
blood sample analysis, using a GE Vivid E95 (GE Healthcare, Milwaukee, WI, USA) and 7.5e12 MHz phased array
probe.
The region of interest for cIMT measurement was on
the far wall of the bilateral common carotid arteries about
10 mm proximal to the carotid bifurcation. cIMT was
deﬁned as the distance between the interface of the
lumeneintima and mediaeadventitia. The mean cIMT was
taken as the average of the cIMT values of the left and right
carotid arteries. The maximum cIMT was taken as the
larger cIMT value between the left and right carotid arteries. Abnormal cIMT was deﬁned as the mean cIMT or
the maximum cIMT value  1 mm [24,25]. Carotid artery
plaque was also assessed at three different locations,
including the common carotid artery, carotid bifurcation,
and internal carotid artery on both the left and the right
sides. Carotid artery plaque was deﬁned as a focal structure that encroaches into the arterial lumen at least
0.5 mm or 50% of the surrounding cIMT value, or demonstrates a thickness >1.5 mm as measured from the
mediaeadventitia interface to the intimaelumen interface
[26]. Carotid plaque score was calculated as the sum of the
thickest plaque values on the left and the right sides.
Carotid atherosclerosis was deﬁned as abnormal cIMT
and/or presence of carotid artery plaque [26e28]. Two
sonographers measured the cIMT and carotid artery plaque and determined the ﬁnal results together. If there was
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Figure 1 Flow chart of the study.

any discrepancy, a third sonographer was consulted, and
the ﬁnal results were determined through discussion.
2.3. Laboratory examination
Blood cell counts were analyzed using the Sysmex-XE5000
via impedance technology. UA, HDL-C, LDL-C, total
cholesterol (TC), triglyceride (TG), and creatinine levels
were measured using a Beckman AU5800 spectrophotometer via colorimetry or immunoturbidimetry. C-reactive protein (CRP) was measured by dry chemistry method
using the Vitros 250 Chemistry System.
2.4. Covariates
Hypertension was diagnosed in accordance with the European Society of Cardiology guidelines as systolic blood
pressure 140 mm Hg and/or diastolic blood pressure
90 mm Hg, which is equivalent to a 24-h ambulatory
blood pressure monitoring average of 130/80 mm Hg, or
a home blood pressure monitoring average of 135/
85 mm Hg for two measurements over at least 3 days [29].
Diabetes mellitus (DM) was diagnosed based on fasting
blood glucose 7.0 mmol/L (126 mg/dL) and hemoglobin
A1c  6.5% or positive oral glucose tolerance test (2-h
plasma glucose 11.1 mmol/L [200 mg/dL]) or random
plasma glucose 11.1 mmol/L (200 mg/dL) in accordance
with the European Society of Cardiology guidelines [30].
Smoking was deﬁned as previous smoking, and alcohol
consumption was deﬁned as previous drinking habit.
2.5. Statistical analysis
First, Student’s t-test for normally distributed data, the
ManneWhitney U test for skewed data, and the chi-square
test/Fisher’s exact test for categorical variables were used
to identify signiﬁcant differences between the two groups.

Second, both mean and maximum cIMT were categorized
into two groups (abnormal versus normal), while carotid
artery plaque was categorized into two groups (yes versus
no), according to pre-speciﬁed condition. Logistic regression model was used to simultaneously show the results of
different adjusted models to evaluate the association between HDL-C and carotid atherosclerosis (abnormal cIMT
and carotid artery plaque) at different levels of UA by odds
ratio (OR) and 95% conﬁdence intervals (95% CI). In this
step, we performed four logistic regression models: model
1 was unadjusted; model 2 was adjusted for age and sex;
model 3 was further adjusted for hypertension, diabetes,
smoking, and alcohol consumption; model 4 was further
adjusted for white blood cell (WBC) count, platelet count,
and creatinine level. ORs and 95% CIs were derived from
restricted cubic spline regression, with knots placed at the
25th, 50th, 75th, and 95th percentiles of the distribution of
HbA1c/HDL-C ratio. The reference value of the HbA1c/
HDL-C ratio was the minimum of the group. Third,
generalized additive model analysis was used to evaluate
the relationship between HDL-C and inﬂammatory
markers (WBC count, neutrophil count, and CRP level) at
different levels of UA. Fourth, we performed sensitivity
analysis to evaluate the effect of UA on the relationship
between HDL-C and carotid atherosclerosis taking into
consideration of sex difference. As previously studies reported [31,32], we redeﬁned hyperuricemia as UA level
7 mg/dL in men and 6 mg/dL in women for sensitivity
analysis. And we also tested the relation between HDL-C
and carotid atherosclerosis at different serum UA levels
among: patients at risk of residual cardiovascular events
(with optimal LDL-C level <1.8 mmol/L; n Z 313); patients
with previous UA-lowering drugs or statins drug use
(n Z 533). Associations with P < 0.05 (two-sided) were
considered statistically signiﬁcant. The analyses were
performed using Stata 15.0 (StataCorp LLC, College Station,
TX, USA), R version 3.6.1 (The R Project for Statistical
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Computing, Vienna, Austria), and EmpowerStats (X&Y Solutions, Inc., Boston, MA, USA).
3. Results
3.1. Study population
A total of 1437 patients with multiple cardiovascular risk
factors (992 men and 445 women) were included in the
study. The mean age (SD) was 63 (10) years for normouricemia group and 64 (11) for hyperuricemia group. The
baseline characteristics of the study participants according
to UA level ( or <6.8 mg/dL) are shown in Table 1.
Compared with patients in the normouricemia group,
those with hyperuricemia were more likely to be men; to
have hypertension or chronic kidney disease; to smoke or
consume alcohol; to have higher WBC count and levels of
CRP, TG, and creatinine, but lower level of HDL-C. And
there was more exposure to diuretic and urate lowering
therapy in hyperuricemia than in normouricemia.
3.2. The effect of UA on the relationship between HDL-C
and carotid atherosclerosis
In Table 2, the logistic regression models showed that
HDL-C levels were associated with abnormal cIMT and
presence of carotid artery plaque in the crude model (for
abnormal mean cIMT, OR [95% CI]: 0.48 [0.30e0.75]; for
abnormal maximum cIMT, OR [95% CI]: 0.49 [0.31e0.78];
for carotid artery plaque, OR [95% CI]: 0.47 [0.28e0.79]).
After adjusting for covariates (age, gender, history of hypertension, history of diabetes, smoking, alcohol consumption, WBC counts, platelet count, and creatinine
level), the association between HDL-C and carotid
atherosclerosis still remained signiﬁcant among different
models in patients with normouricemia (for abnormal
mean cIMT, OR [95% CI]: 0.55 [0.33e0.92]; for abnormal
maximum cIMT, OR [95% CI]: 0.59 [0.35e1.00]; for carotid
artery plaque, OR [95% CI]: 0.53 [0.29e0.94]. However, in
patients with hyperuricemia, the association between
HDL-C and carotid atherosclerosis was not signiﬁcant
(Table 2). Restricted cubic spline curves indicated that, for
patients with normouricemia, there were decreasing
trends in the mean cIMT, the maximum cIMT, and the
occurrence of carotid artery plaque as HDL-C levels
increased, showing the effect of HDL-C against carotid
atherosclerosis. However, this effect was not obvious in
patients with hyperuricemia (Fig. 2).
3.3. The association between serum uric acid and
inﬂammatory marker
WBC count, neutrophil count, and CRP level on admission
were higher in patients with hyperuricemia than in those
with normouricemia. As shown in Fig. 3, in normouricemia
group, there was a negative correlation between HDL-C
and each of these three indicators, whereas in hyperuricemia group, the relationship between HDL-C and each of
these three inﬂammatory indicators weakened.
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Table 1 Baseline information.

Age, years
Male sex
Hypertension
Diabetes
Chronic kidney
disease
Gout
Alcohol
consumption
Smoking
WBC,  109/L
Hemoglobin, g/L
Platelets,  109/L
Neutrophil
ratio, %
CRP, mg/La
TG, mmol/L
TC, mmol/L
LDL-C, mmol/L
HDL-C, mmol/L
Creatinine,
mmol/L
Mean cIMT
Maximum cIMT
Carotid plaque
score
Medication
history
ACEI/ARB
b-blocker
CCB
Diuretic
Statin
Urate lowering
therapyb

Normouricemia
n Z 932

Hyperuricemia
n Z 505

P value

63  10
587 (62.98%)
508 (54.51%)
277 (29.72%)
15 (1.62%)

64  11
405 (80.20%)
329 (65.15%)
140 (27.72%)
37 (7.40%)

0.216
<0.001
<0.001
0.426
<0.001

4 (0.43%)
40 (4.31%)

17 (3.37%)
38 (7.60%)

<0.001
0.009

293 (31.44%)
7.28  2.08
132.43  15.05
219.33  62.36
60  10

194 (38.42%)
7.74  2.34
131.73  19.04
220.24  67.83
61  11

0.008
<0.001
0.447
0.798
0.086

9.99  30.26
1.53  1.19
4.44  1.21
2.58  1.04
1.11  0.29
80.23  40.98

10.93  25.11
1.76  1.21
4.45  1.23
2.62  1.06
1.02  0.25
113.81  82.81

<0.001
<0.001
0.874
0.564
<0.001
<0.001

1.00 (0.80e1.10) 1.00 (0.80e1.10)
1.00 (0.80e1.10) 1.00 (0.88e1.10)
3.30 (1.30e4.62) 3.50 (1.40e4.70)

149 (15.99%)
152 (16.31%)
126 (13.52%)
18 (1.93%)
336 (36.09%)
6 (0.64%)

82 (16.24%)
87 (17.23%)
71 (14.06%)
39 (7.72%)
184 (36.44%)
23 (4.55%)

0.798
0.935
0.446

0.902
0.655
0.776
<0.001
0.897
<0.001

Data are shown as mean  SD or median (Q1eQ3) or N (%).
WBC: white blood cell; TG: triglyceride; TC: total cholesterol; LDLC: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; ACEI: angiotensin converting enzyme inhibitor;
ARB: angiotensin receptor blocker; CCB: calcium calcium entry
blocker.
a
Missing data are interpolated by median.
b
Urate lowering therapy includes allopurinol, benzbromarone,
Febuxostat.

3.4. Sensitivity analysis
We also conducted sensitivity analysis to evaluate the
relationship of HDL-C and carotid atherosclerosis in the
setting of different uric acid level in the subsample of
patients with optimal LDL-C levels (n Z 313). After
multivariate adjustment for the covariates included in
model 4, in patients with normouricemia, the increase of
HDL-C negatively correlated with the occurrence of carotid
atherosclerosis (Supplementary Table 1), while the relationship was not signiﬁcant in those with hyperuricemia.
Restricted cubic spline curves also indicated that in patients with hyperuricemia, the effect of HDL-C against
atherosclerosis was diminished (Supplementary Fig. 1).
In the sensitivity analysis with redeﬁnition of hyperuricemia in different sex [31,32], we observed similar
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Table 2 Odds ratios (95% CIs) of abnormal cIMT or carotid artery plaque according to the concentration of HDL-C at different levels of serum uric
acid.
Normouricemia n Z 932
Model 1a

Model 2a

Abnormal mean cIMT (1 mm)
OR
0.48
0.46
95% CI
0.30e0.75
0.28e0.75
P value
0.001
0.002
Abnormal maximum cIMT (1 mm)
OR
0.49
0.48
95% CI
0.31e0.78
0.29e0.79
P value
0.002
0.004
Carotid artery plaque
OR
0.47
0.44
95% CI
0.28e0.79
0.25e0.77
P value
0.004
0.004

Hyperuricemia n Z 505
Model 3a

Model 4a

Model 1a

Model 2a

Model 3a

Model 4a

0.56
0.33e0.93
0.025

0.55
0.33e0.92
0.024

0.78
0.39e1.56
0.482

0.68
0.32e1.39
0.278

0.87
0.41e1.84
0.709

0.82
0.38e1.75
0.610

0.60
0.35e1.01
0.053

0.59
0.35e1.00
0.050

0.55
0.27e1.11
0.097

0.42
0.20e0.89
0.024

0.56
0.26e1.20
0.137

0.53
0.24e1.15
0.109

0.52
0.29e0.93
0.027

0.53
0.29e0.94
0.031

1.24
0.53e2.89
0.613

0.82
0.32e2.07
0.674

0.99
0.38e2.56
0.980

1.03
0.39e2.68
0.960

a
Model 1: Unadjusted; Model 2: Adjusted for age and sex; Model 3: Adjusted for model 2 and hypertension, diabetes, smoking, and alcohol
consumption; Model 4: Adjusted for model 3 and white blood cell count, platelet count, and creatinine level.

founding to the main results that, HDL-C levels were
negatively related to the occurrence of carotid atherosclerosis after multivariable adjustment in normouricemia
group, while not in hyperuricemia group (Supplementary
Table 2).
Considering the effect of drugs on the association between HDL-C and carotid atherosclerosis, we performed
another analysis in a subsample of patients with UAlowering drugs or statins. As shown in Supplementary
Table 3, the association between HDL-C and abnormal
cIMT remained signiﬁcant among different models in patients with normouricemia but not in hyperuricemia, which
was consistent with our main results. However, we found
the association between HDL-C and the presence of carotid
artery plaque in normouricemia was not signiﬁcant.
4. Discussion
The present study analyzed the effect of serum UA level on
the relationship between HDL-C and carotid atherosclerosis in patients with high risk of ASCVD. We found that an
elevated serum UA level was able to impact the role of
HDL-C on carotid atherosclerosis and potentially affect the
relationship between HDL-C and inﬂammation markers in
these patients. Furthermore, the effect of uric acid on HDLCecarotid atherosclerosis relationship still remains in the
subset of patients with optimal LDL-C level.
It is recognized that HDL-C impacts the cardiovascular
system by multiple mechanisms, such as reversing
cholesterol transport to reduce atherosclerosis burden
[33], antioxidant and anti-inﬂammatory effects [6], and
increasing insulin sensitivity [34]. Signiﬁcant relationships have been reported between hyperuricemia and
surrogate markers of atherosclerosis, such as inﬂammation markers [4,35], oxidative stress markers [36] and
endothelial dysfunction [37]. HDL-C and hyperuricemia
have the opposite effect on the cardiovascular system
[8,9], but the interaction between UA and HDL-C is still
not fully clariﬁed. Liu et al. [38] studied the relationship

among UA, HDL-C, and ASCVD mortality, and found that
as the UA/HDL-C ratio increased, the ASCVD mortality
rate increased, which suggested that UA was associated
with the effect of HDL-C on the prognosis of ASCVD.
Moreover, in a cross-sectional study with 1503 participants [10], an elevated serum UA level was found to mark
a proinﬂammatory state and was strongly associated with
HDL-C dysfunction. In contrast, in a ﬁve-year prospective
cohort study that enrolled healthy participants without
ASCVD risk factors, Kuwabara et al. [12] observed that an
increased serum UA level was not an independent risk
factor for low HDL-C. The results of our study indicated
that HDL-C and hyperuricemia play opposing roles in the
atherosclerosis process, and possibly this relationship
would be truly reﬂected in patients with high risk of
ASCVD. In the subsample of patients using UA-lowering
drugs or statins, we could not ﬁnd the association between HDL-C and the presence of carotid artery plaque in
normouricemia group. Since previous studies indicated
that the use of statins possibly affected the levels of HDLC as well as the carotid artery plaque volume and most of
the patients in this subsample used statins [39,40], we
considered that statins use may interference the association between HDL-C and the presence of carotid artery
plaque.
UA causes atherosclerosis by increasing inﬂammatory
response and oxidative stress. In a randomized clinical
trial involving 176 patients with type 2 DM and asymptomatic hyperuricemia, urate lowering therapy signiﬁcantly reduced serum high-sensitivity CRP levels and
cIMT to inhibit the progression of atherosclerosis [41].
The effect of lowering UA levels on preventing atherosclerosis may be achieved by weakening the inﬂammatory
response. Atherosclerosis is an inﬂammatory process
mediated by cytokine production and vascular regulatory
mechanisms [42]. Previous studies [4,35,43,44] found that
UA was able to stimulate the production of inﬂammatory
factor and intercellular adhesion molecule to stimulate
downstream inﬂammation, thereby contributing to the
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Figure 2 The association between HDL-C and abnormal cIMT or carotid artery plaque at different levels of serum uric acid. a. HDL-C and abnormal
mean cIMT in normouricemia; b. HDL-C and abnormal maximum cIMT in normouricemia; c. HDL-C and carotid artery plaque in normouricemia; d.
HDL-C and abnormal mean cIMT in hyperuricemia; e. HDL-C and abnormal maximum cIMT in hyperuricemia; f. HDL-C and carotid artery plaque in
hyperuricemia. In the hyperuricemia group, the highest 2% of participants (n Z 10) are not shown in the ﬁgures for small sample sizes with large
95% CI.

Figure 3 The association between HDL-C and different inﬂammatory markers at different levels of serum UA. a. HDL-C and WBC in normouricemia;
b. HDL-C and NEU in normouricemia; c. HDL-C and CRP in normouricemia; d. HDL-C and WBC in hyperuricemia; e. HDL-C and NEU in hyperuricemia; f. HDL-C and CRP in hyperuricemia.
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progression of atherosclerosis. In addition, Kramer et al.
[45] treated the mice with uricase gene transfer and
xanthine oxidase inhibitors to reduce the UA levels, and
found that the decrease in UA levels inhibited atherosclerosis plaque formation. All of these mechanistic
studies support our hypothesis that elevated serum UA
levels mark pre-inﬂammatory state and promote the
development of atherosclerosis. By analyzing the relationship between HDL-C and inﬂammatory markers, such
as WBC count, neutrophil ratio, and CRP level at different
UA levels, our study showed a signiﬁcant negative correlation between HDL-C and inﬂammatory markers in normouricemia patients, while the negative correlation was
weaker and even became positive in patients with hyperuricemia. Our results are consistent with previous
ﬁndings and further illustrate the possible mechanism by
which UA levels affect the association between HDL-C and
carotid atherosclerosis.
The multifactorial effect of risk factors is now the front
topic of ASCVD. Wijnands et al. [46] found that a UA level
increase of 1 SD (81 mmol/L) was associated with a 0.024mm increase in cIMT. A negative correlation between
HDL-C and ASCVD has been consistently reported in
observational studies, which was noted in the 2019 ESC/
EAS guidelines for the management of dyslipidemias [47].
As for the association between HDL-C and ASCVD, our
study further explored the effect of UA and found that the
effects of HDL-C on carotid atherosclerosis differed at
different UA levels. In addition, for patients at high risk of
ASCVD, the guidelines recommend that the optimal control of LDL-C is  50% reduction from baseline or
<1.8 mmol/L (<70 mg/dL) [47]. In the present study, the
effect of serum UA on the role of HDL-C in carotid
atherosclerosis remained in patients with optimal LDL-C
level (<1.8 mmol/L), thereby supporting the consistent
interaction between UA and HDL-C in preventing ASCVD.
Besides, the relationship between hyperuricemia and
metabolic syndrome (MetS) also gradually attracted our
attention. Cicero et al. found that MetS was more common
at high serum UA levels through the historical cohort of
the Brisighella Heart Study [48]. Pugliese et al. emphasized the importance of incorporating SUA into MetS
when assessing clinical cardiovascular outcomes [49].
These ﬁndings indicated that understanding the complex
relationship between UA and other risk factors is critical
for the prevention of atherosclerosis. Our results are signiﬁcant for further exploring the possible mechanisms of
the interaction between UA and HDL-C in ASCVD, and
contribute to understanding of the relationship among
multiple risk factors of ASCVD.
Several limitations should be considered. First, our
study was a cross-sectional study and could not determine
the causal relationship between UA levels and further
weakened the association between HDL-C and carotid
atherosclerosis, given that it did not measure the effect of
elevated UA levels over time. However, we explored the
relationship among these factors, paving the way for
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future research. Second, the majority of the population
included in this study was Chinese, meaning that our
conclusions might not necessarily be applicable for other
ethnic populations.
5. Conclusion
In the present study, we explored the effect of HDL-C on
carotid atherosclerosis at different serum UA levels. Hyperuricemia marks a pre-inﬂammatory state and impacts
the association between HDL-C and carotid atherosclerosis. Our study has important clinical implications for
better understanding of the multifactorial effects in the
development of atherosclerosis. The effective control of
serum UA is an important target for the prevention of
atherosclerosis.
Author contributions
XMH and JLL contributed to the manuscript preparation;
WL and CYW contributed to the data collection and
collation. XMH contributed to the data analysis. GL provided critical revisions of the manuscript. YLZ and HJD
contributed to the research ideas and approved the ﬁnal
version of the manuscript for submission.
Funding
Our research was supported by the National Key Research
and Development Program of China (No. 2016YFC1301202).

Declaration of competing interest
The authors declare no conﬂicts of interest related to this
article.
Acknowledgments
We thank LetPub (www.letpub.com) for its linguistic
assistance during the preparation of this manuscript.
Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.numecd.2022.03.026.
References
[1] Li X, Meng X, He Y, Spiliopoulou A, Timofeeva M, Wei W-Q, et al.
Genetically determined serum urate levels and cardiovascular and
other diseases in UK Biobank cohort: a phenome-wide mendelian
randomization study. PLoS Med 2019;16:e1002937.
[2] Gill D, Cameron AC, Burgess S, Li X, Doherty DJ, Karhunen V, et al.
Urate, blood pressure, and cardiovascular disease: evidence from
mendelian randomization and meta-analysis of clinical trials. Hypertension 2021;77:383e92.

1668
[3] Yu W, Cheng J-D. Uric acid and cardiovascular disease: an update
from molecular mechanism to clinical perspective. Front Pharmacol
2020;11:582680.
[4] Johnson RJ, Bakris GL, Borghi C, Chonchol MB, Feldman D,
Lanaspa MA, et al. Hyperuricemia, acute and chronic kidney disease, hypertension, and cardiovascular disease: report of a scientiﬁc
workshop organized by the national kidney foundation. Am J Kidney Dis 2018;71:851e65.
[5] Coutinho TdA, Turner ST, Peyser PA, Bielak LF, Sheedy PF, Kullo IJ.
Associations of serum uric acid with markers of inﬂammation,
metabolic syndrome, and subclinical coronary atherosclerosis. Am J
Hypertens 2007;20:83e9.
[6] Karabacak M, Varol E, Kahraman F, Ozaydin M, Türkdogan AK,
Ersoy IH. Low high-density lipoprotein cholesterol is characterized
by elevated oxidative stress. Angiology 2014;65:927e31.
[7] Kontush A, de Faria EC, Chantepie S, Chapman MJ. A normotriglyceridemic, low HDL-cholesterol phenotype is characterised by
elevated oxidative stress and HDL particles with attenuated antioxidative activity. Atherosclerosis 2005;182:277e85.
[8] Rahimi-Sakak F, Marooﬁ M, Rahmani J, Bellissimo N, Hekmatdoost A.
Serum uric acid and risk of cardiovascular mortality: a systematic
review and dose-response meta-analysis of cohort studies of over a
million participants. BMC Cardiovasc Disord 2019;19:218.
[9] Ahmed HM, Miller M, Nasir K, McEvoy JW, Herrington D,
Blumenthal RS, et al. Primary low level of high-density lipoprotein
cholesterol and risks of coronary heart disease, cardiovascular
disease, and death: results from the multi-ethnic study of atherosclerosis. Am J Epidemiol 2016;183:875e83.
lu E. Elevated
[10] Onat A, Can G, Örnek E, Altay S, Yüksel M, Ademog
serum uric acid in nondiabetic people mark pro-inﬂammatory
state and HDL dysfunction and independently predicts coronary
disease. Clin Rheumatol 2013;32:1767e75.
[11] Biradar MI, Chiang K-M, Yang H-C, Huang Y-T, Pan W-H. The causal
role of elevated uric acid and waist circumference on the risk of
metabolic syndrome components. Int J Obes 2020;44:865e74.
[12] Kuwabara M, Borghi C, Cicero AFG, Hisatome I, Niwa K, Ohno M,
et al. Elevated serum uric acid increases risks for developing high
LDL cholesterol and hypertriglyceridemia: a ﬁve-year cohort study
in Japan. Int J Cardiol 2018;261:183e8.
[13] Grobbee DE, Bots ML. Carotid artery intima-media thickness as an
indicator of generalized atherosclerosis. J Intern Med 1994;236:
567e73.
[14] Nezu T, Hosomi N, Aoki S, Matsumoto M. Carotid intima-media
thickness for atherosclerosis. J Atherosclerosis Thromb 2016;23:
18e31.
[15] Amarenco P, Labreuche J, Touboul P-J. High-density lipoproteincholesterol and risk of stroke and carotid atherosclerosis: a systematic review. Atherosclerosis 2008;196:489e96.
[16] Cicero AFG, Salvi P, D’Addato S, Rosticci M, Borghi C. Association
between serum uric acid, hypertension, vascular stiffness and
subclinical atherosclerosis: data from the Brisighella Heart Study. J
Hypertens 2014;32:57e64.
[17] Mannarino MR, Pirro M, Gigante B, Savonen K, Kurl S, Giral P, et al.
Association between uric acid, carotid intima-media thickness,
and cardiovascular events: prospective results from the IMPROVE
study. J Am Heart Assoc 2021;10:e020419.
[18] Iribarren C, Folsom AR, Eckfeldt JH, McGovern PG, Nieto FJ. Correlates of uric acid and its association with asymptomatic carotid
atherosclerosis: the ARIC Study. Atherosclerosis Risk in Communities. Ann Epidemiol 1996;6:331e40.
[19] Peters SAE, Lind L, Palmer MK, Grobbee DE, Crouse JR, O’Leary DH,
et al. Increased age, high body mass index and low HDL-C levels
are related to an echolucent carotid intima-media: the METEOR
study. J Intern Med 2012;272:257e66.
[20] Takayama S, Kawamoto R, Kusunoki T, Abe M, Onji M. Uric acid is
an independent risk factor for carotid atherosclerosis in a Japanese
elderly population without metabolic syndrome. Cardiovasc Diabetol 2012;11:2.
[21] Nichols WW, Pepine CJ, O’Rourke MF. Carotid-artery intima and
media thickness as a risk factor for myocardial infarction and
stroke. N Engl J Med 1999;340:1762e3.
[22] Grassi D, Ferri L, Desideri G, Di Giosia P, Cheli P, Del Pinto R, et al.
Chronic hyperuricemia, uric acid deposit and cardiovascular risk.
Curr Pharmaceut Des 2013;19:2432e8.

X. Hu et al.
[23] Mandurino-Mirizzi A, Crimi G, Raineri C, Pica S, Rufﬁnazzi M,
Gianni U, et al. Elevated serum uric acid affects myocardial
reperfusion and infarct size in patients with ST-segment elevation
myocardial infarction undergoing primary percutaneous coronary
intervention. J Cardiovasc Med 2018;19:240e6.
[24] Chambless LE, Heiss G, Folsom AR, Rosamond W, Szklo M,
Sharrett AR, et al. Association of coronary heart disease incidence
with carotid arterial wall thickness and major risk factors: the
Atherosclerosis Risk in Communities (ARIC) Study, 1987-1993. Am
J Epidemiol 1997;146:483e94.
[25] Naqvi TZ, Lee M-S. Carotid intima-media thickness and plaque in
cardiovascular risk assessment. JACC Cardiovasc Imag 2014;7:
1025e38.
[26] Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P,
Bornstein N, et al. Mannheim carotid intima-media thickness
and plaque consensus (2004-2006-2011). An update on behalf
of the advisory board of the 3rd, 4th and 5th watching the
risk symposia, at the 13th, 15th and 20th European Stroke
Conferences, Mannheim, Germany, 2004, Brussels, Belgium,
2006, and Hamburg, Germany, 2011. Cerebrovasc Dis 2012;34:
290e6.
[27] Chambless LE, Folsom AR, Clegg LX, Sharrett AR, Shahar E, Nieto FJ,
et al. Carotid wall thickness is predictive of incident clinical stroke:
the Atherosclerosis Risk in Communities (ARIC) study. Am J Epidemiol 2000;151:478e87.
[28] Salonen JT, Salonen R. Ultrasonographically assessed carotid
morphology and the risk of coronary heart disease. Arterioscler
Thromb 1991;11:1245e9.
[29] Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M,
Burnier M, et al. 2018 ESC/ESH Guidelines for the management of
arterial hypertension. Eur Heart J 2018;39:3021e104.
[30] Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado V,
et al. 2019 ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD. Eur
Heart J 2020;41:255e323.
[31] Cao J, Zhang J, Li Q, Jiang C, Song Y, Liu C, et al. Serum phosphate
and the risk of new-onset hyperuricemia in hypertensive patients.
Hypertension (Dallas) 2019;74:102e10.
[32] Kuwabara M, Niwa K, Hisatome I, Nakagawa T, RoncalJimenez CA, Andres-Hernando A, et al. Asymptomatic hyperuricemia without comorbidities predicts cardiometabolic diseases:
ﬁve-year Japanese cohort study. Hypertension (Dallas) 2017;69:
1036e44.
[33] Tosheska Trajkovska K, Topuzovska S. High-density lipoprotein
metabolism and reverse cholesterol transport: strategies for
raising HDL cholesterol. Anatol J Cardiol 2017;18:149e54.
[34] Manandhar B, Cochran BJ, Rye K-A. Role of high-density lipoproteins in cholesterol homeostasis and glycemic control. J Am Heart
Assoc 2020;9:e013531.
[35] Lu J, Sun M, Wu X, Yuan X, Liu Z, Qu X, et al. Urate-lowering
therapy alleviates atherosclerosis inﬂammatory response factors
and neointimal lesions in a mouse model of induced carotid
atherosclerosis. FEBS J 2019;286:1346e59.
[36] Liu N, Xu H, Sun Q, Yu X, Chen W, Wei H, et al. The role of oxidative
stress in hyperuricemia and xanthine oxidoreductase (XOR) inhibitors. Oxid Med Cell Longev 2021;2021:1470380.
[37] Maruhashi T, Hisatome I, Kihara Y, Higashi Y. Hyperuricemia and
endothelial function: from molecular background to clinical perspectives. Atherosclerosis 2018;278:226e31.
[38] Liu R, Peng Y, Wu H, Diao X, Ye H, Huang X, et al. Uric acid to highdensity lipoprotein cholesterol ratio predicts cardiovascular mortality in patients on peritoneal dialysis. Nutr Metabol Cardiovasc
Dis 2021;31:561e9.
[39] Nissen SE, Nicholls SJ, Sipahi I, Libby P, Raichlen JS, Ballantyne CM,
et al. Effect of very high-intensity statin therapy on regression of
coronary atherosclerosis: the ASTEROID trial. JAMA 2006;295:
1556e65.
[40] Tani S, Nagao K, Hirayama A. HMG-CoA reductase inhibitor
(Statin) therapy and coronary atherosclerosis in Japanese subjects:
role of high-density lipoprotein cholesterol. Am J Cardiovasc Drugs
2011;11:411e7.
[41] Liu P, Wang H, Zhang F, Chen Y, Wang D, Wang Y. The effects of
allopurinol on the carotid intima-media thickness in patients
with type 2 diabetes and asymptomatic hyperuricemia: a three-

Uric acid, HDL-C and atherosclerosis

[42]
[43]

[44]

[45]

year randomized parallel-controlled study. Intern Med 2015;54:
2129e37.
Zmuda EJ, Powell CA, Hai T. A method for murine islet isolation
and subcapsular kidney transplantation. J Vis Exp 2011;50:2096.
Xiao J, Zhang X-L, Fu C, Han R, Chen W, Lu Y, et al. Soluble uric acid
increases NALP3 inﬂammasome and interleukin-1b expression in
human primary renal proximal tubule epithelial cells through the
Toll-like receptor 4-mediated pathway. Int J Mol Med 2015;35:
1347e54.
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