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Abstract

Background: Dyslipidemia often concurs with hyperuricemia. Our study was to discover different lipid levels of
gout and asymptomatic hyperuricemia and the predictors of sUA (serum uric acid) levels.

Methods: A cross-sectional study was performed to collect demographic, clinical variables, comorbidities and
laboratory testing in patients with gout and asymptomatic hyperuricemia. Group comparison was performed with
Student’s t-test or Mann Whitney U test for continuous variables and chi-squared tests for categorical variables
(Fisher's exact test where appropriate) and to screen potential risk factors. Correlation of sUA levels with demographic and
biochemical variables were performed by using correlation analysis. The variable with s p-value less than 0.20 during the
group comparison or clinical relevance was introduced into the stepwise multiple regression model.

Results: Six hundred fifty-three patients with gout and 63 patients with asymptomatic hyperuricemia (> 420 umol/L in
male and > 360 umol/L in female) were enrolled, including 553 (84.7%) males. The mean age was 47.8 + 16,0 years old.
Elevated total cholesterol (TC) was observed in 173 (26.5%) cases with gout. Increased triglycerides (TG) and low-density
lipoprotein (LDL-C) levels were observed in 242 (37.1%) cases and 270 (41.3%) cases with gout, individually. In contrast,
elevated TC, TG and LDL-C levels were observed in 10 (15.9%) cases, 30 (47.6%) cases and 22 (34.9%) cases with
hyperuricemia, individually. Significant differences were found in age, serum creatine, TC and erythrocyte sedimentation
rate (ESR) between gout and asymptomatic hyperuricemia groups (p < 0.05). In patients with asymptomatic hyperuricemia,
12 (19.0%) patients had hypertension and 5 (7.9%) suffered from coronary heart diseases. Male (B=-112.7, p < 0.001), high-
density lipoprotein (HDL-C) (B =-60.797, p =0.013), body mass index (BMI) (B =5.168, p = 0.024), age (B=-3475, p=0.006),
age of hyperuricemia onset (B =2.683, p = 0.032), and serum creatine (B=0.534, p < 0.001) were predictors of sUA levels in
gout patients (adjusted R* = 28.7%).

Conclusions: Dyslipidemia is more commonly seen in patients with gout, compared to asymptomatic hyperuricemia.
HDL-C is a protective predictor of sUA levels in gout.
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Introduction

Gout is a chronic inflammatory disease characterized by
recurrent joint inflammation and dysfunction caused by
purine metabolism imbalance and elevated serum uric
acid (sUA) whose prevalence continues to go up world-
wide. As a chronic systemic inflammatory disease, gout
often concurs with comorbidities such as dyslipidemia,
cardiovascular disease, fatty liver disease, and renal dis-
ease [1, 2]. For example, hypertriglyceridemia is more
frequently observed in gouty patients than non-gouty in-
dividuals [3]. Over the last two decades, not only in gout
patients, the association of hyperuricemia with cardio-
vascular risk factors has also been testified following the
demonstration in animal models [4] and human studies
[3, 5]. Hyperuricemia has been reported to be associated
with increased lipid levels [6] and decreased fibrous vol-
ume, potentially leading to raised plaque fragility [7]. Al-
though a few studies have been conducted to investigate
the association between sUA and lipid profiles in the
gout population, their association in the subjects with
asymptomatic hyperuricemia hasn’t been thoroughly
investigated.

In consideration of the potential relationship between
hyperuricemia, high lipid levels, and cardiovascular dis-
eases, it is necessary to identify the correlation between
dyslipidemia and sUA. Thus, the main purpose of this
study was to discover different lipid levels of gout and
asymptomatic hyperuricemia and the predictors of sUA
levels in the Chinese population.

Materials and methods

Study population

The cross-sectional study enrolled patients consecutively
admitted to the outpatient department of the Third Af-
filiated Hospital of Sun Yat-sen University from Septem-
ber 2016 to January 2019. All patients with gout fulfilled
Rheumatology Association’s 2015 preliminary gout clas-
sification Criteria [8]. Asymptomatic hyperuricemia re-
fers to the individuals who have elevated uric acid (>
420 pmol/L in male and > 360 pmol/L in female) without
any joint symptom. Other inclusion criteria were listed
as follows: patients should be over 16years old. This
study was approved by the ethics committee of the
Third Affiliated Hospital of Sun Yat-sen University
[(2017) 02-295-01] and conducted in compliance with
the Helsinki Declaration. All participants gave written
informed consent of the study and possible publication
before enrolment.

Data collection

All the information was collected by two trained rheu-
matologists during a face-to-face interview at the study
visit, including a review of medical records. Demo-
graphic and clinical variables involved age, sex, body
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weight, height, body mass index (BMI), age of onset, dis-
ease duration of gout and hyperuricemia, clinical mani-
festation, past and current medication. Patient-reported
questionnaires included past medical history, including
cardiovascular diseases (hypertension, coronary heart
disease, atherosclerosis, myocardial infarction), and other
diseases.

After a 12-h fasting, a venous blood sample was ob-
tained from each subject using the automatic biochem-
ical analyzer 7600 (Hitachi, Ltd., Japan). Laboratory
variables were also recorded such as aspartate trans-
aminase (AST; U/L), alanine aminotransferase (ALT; U/
L), total protein (TP; g/L), albumin (ALB; g/L), total bili-
rubin (TB; pmol/L), blood urea nitrogen (BUN; mmol/
L), creatine (Cr; mmol/L), uric acid (UA; pmol/L), C-
reactive protein (CRP; mg/L), erythrocyte sedimentation
rate (ESR; mm in the first hour), total cholesterol (TC;
mmol/L), triglyceride (TG; mmol/L), low-density lipo-
protein cholesterol (LDL-C; mmol/L), and high-density
lipoprotein cholesterol (HDL-C; mmol/L). Elevated TC
refers to a value of more than 5.7 mmol/L. Elevated TG
is defined as a value of more than 1.92 mmol/L. Elevated
LDL-C means a value of more than 3.4 mmol/L. And a
value of less than 0.78 denotes a decreased HDL-C
value.

Statistical analysis

Mean =+ standard deviation (SD) was calculated for con-
tinuous variables and frequency and percentage for cat-
egorical variables. Group comparison was performed
with Student’s t-test or Mann Whitney U test (Normal
distribution of data was verified with the Kolmogorov-
Smirnov test) for continuous variables and chi-squared
tests for categorical variables (Fisher’s exact test where
appropriate) and to screen potential risk factors. Correl-
ation of sUA levels with demographic and biochemical
variables including lipid levels were performed by using
correlation analysis. The variable with a p-value of less
than 0.20 during the group comparison or clinical rele-
vance was introduced into the stepwise multiple regres-
sion model. Adjusted R? standardized coefficient, and p-
value were calculated. Statistical significance was set at
two-sided p < 0.05. Statistical Package for Social Sciences
(SPSS) software version 19 was used for all data manage-
ment and analysis.

Results

Demographic and disease characteristics of gout patients
A total of 716 participants were recruited from Septem-
ber 2016 to January 2019. Demographic and disease
characteristics of 653 patients with gout and 63 patients
with asymptomatic hyperuricemia were shown in
Table 1. Male patients (1 = 604, 84.4%) were the majority
of enrolled patients. The mean age of all the participants
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Table 1 Demographic and disease characteristics of the participants

Page 3 of 7

Characteristics All participants (n=716)

Gout (n=653) Asymptomatic hyperuricemia (n = 63)

Male, n (%) 604 (84.4)
Age (years) 478+16.0
Education level
Primary education or below 85 (11.9)
University or above 376 (52.5)
Weight (kg) 67.5 (15.0)
BMI (kg/ m?) 24.2 (5.06)
Normal (18.5~24.9), n(%) 350 (48.9)
Overweight (25.0~29.9), n(%) 217 (30.3)
Obesity (30.0~34.9), n(%) 38 (5.3)
Severe obesity (35.0~39.9), n(%) 6 (0.8)
Smoking (current), n (%) 171 (23.9)
Drinking (current), n (%) 348 (48.6)
Duration of hyperuricemia (years) 6.0 (2.0-12.0)
Treatment, n (%)
UA lowering therapy 430 (60.0)
No medication 248 (34.6)

553 (84.7) 51 (81.0)
483+158 432+179
75(11.5) 10 (15.9)
350 (53.6) 26 (41.3)
63.0 (15.0) 670113
234 (4.7) 241+32
319 (48.9) 31(49.2)
199 (30.5) 18 (28.6)
37 (5.7) 1(1.6)

6 (0.9) 0

153 (234) 18 (28.5)
322 (49.3) 26 (41.3)
6.0 (20-12.0) 6.0 (20-11.0)
423 (64.8) 7(11.0)
198 (30.3) 50 (79.4)

BMI body mass index, UA uric acid, Data within normal distribution were stated as mean + S.D., and data who did not meet normal distribution were expressed as

median (interquartile range)

was 47.8 + 16.0 years old. In patients with gout, the mean
age of gout onset was 40.3 + 15.2 years old and the mean
gout duration was 8.0 + 6.4 years. 38 (5.8%) of gout pa-
tients had tophi. The majority of male patients with gout
had an age of 31-60, while female patients tended to
have gout at the age of more than 40 years old. Notice-
ably, there were 8 female patients with gout and 3 fe-
male patients with asymptomatic hyperuricemia whose
age was below 30 years old.

In patients with gout, elevated TC was observed in 173
(26.5%) cases. Increased TG and LDL-C levels were found
in 242 (37.1%) cases and 270 (41.3%) cases, separately.
Comparatively, elevated TC, TG, and LDL-C levels were
detected in 10 (15.9%) cases, 30 (47.6%) cases and 22
(34.9%) cases with asymptomatic hyperuricemia, separately.

Comparisons of the variables between patients with gout
and patients with asymptomatic hyperuricemia

As observed in Table 2, significant differences were found
in age, serum creatine, TC, and ESR between gout and
asymptomatic hyperuricemia groups (p < 0.05). However,
there was no significant difference in other variables, such
as BMI, hyperuricemia duration, UA, TG, LDL-C, HDL-
C, and CRP between the two groups (p > 0.05).

170 (26.0%) of gout patients had hypertension com-
pared to 12 (19.0%) patients with asymptomatic hyper-
uricemia while 67 (10.3%) patients with gout suffered
from coronary heart diseases compared to 5 (7.9%) in
the other group; however, no statistical difference was

detected between the two groups in the aspect of cardio-
vascular diseases (p > 0.05).

Correlation of serum UA levels with demographic and
biochemical variables including lipid levels

Correlation between sUA levels with demographic
and biochemical variables was presented in Table 3.
sUA levels positively correlated with BMI, ALT, TB,
BUN, serum creatine, TG, CRP in gout group and
negatively correlated with age and HDL-C (p <0.05).
Comparatively, sUA levels showed an inverse correl-
ation with TB, serum creatine in asymptomatic hyper-
uricemia (p <0.05). As a whole, sUA correlated with
BMI, ALT, TB, BUN, creatine, TG and CRP posi-
tively, but correlated with age and HDL-C in a nega-
tive way (p < 0.05).

Predictive factors for sUA levels in patients with gout
Gender, age, age of hyperuricemia onset, gout duration,
BMI, ALT, creatine, TC, TG, HDL-C, LDL-C, and CRP
were entered into the stepwise multiple regression model,
as shown in Table 4. Male (B =-112.7, p <0.001), HDL-C
(B=-60.797, p=0.013), BMI (B=5.168, p=0.024), age
(B=-3475, p=0.006), age of hyperuricemia onset (B=
2.683, p = 0.032), and creatine (B =0.534, p <0.001) were
predictors of sUA levels in patients with gout, whose ad-
justed R* was equal to 28.7%.
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Table 2 Comparisons of variables between patients with gout and patients with asymptomatic hyperuricemia

Variable Gout (n=653) Asymptomatic hyperuricemia (n = 63) p
Demographic and clinical characteristics
Male, n (%) 553 (84.7) 51 (81.0) 0436 °
Age (years) 483+158 433+179 0.018*°
<30 84 20
31-50 290 22
51-70 214 15
71-90 65 6
BMI (kg/ m?) 24.2 (21.8-26.9) 239 (21.7-27.2) 0582 ¢
Age of hyperuricemia onset (years) 40.7+156 362+178 0.565 °
Hyperuricemia duration (years) 6.0 (20-12.0) 6.0 (20-11.0) 0.935 ©
Hypertension, n (%) 170 (26.0) 2 (19.0) 0224 °
Coronary heart disease, n (%) 67 (10.3) 5(79) 0558 °
Laboratory testing
AST (U/L) 220 (17.6-27.6) 220 (17.2-25.8) 0958 ©
ALT(U/L) 240 (16.0-38.6) 23.8 (159-32.8) 0343 ¢
TP(g/L) 739 (70.0-77.7) 746 (71.9-77.8) 0519 ¢
ALB(g/L) 443 (40.9-46.8) 455 (41.6-48.8) 0.095 ¢
TB (umol/L) 13.1 (9.6-17.3) 16.2 (10.9-20.0) 0078 ¢
BUN (mmol/L) 4.85 (4.0-6.2) 49 (4.1-6.5) 0678 ©
Serum creatine (mmol/L) 90.0 (78.0-106.2) 83.9 (72.1-103.4) 0.036* ©
sUA (umol/L) 513.0 (376.5-602.0) 515.0 (438.0-592.0) 0471 ¢
Glucose (mmol/L) 5.23 (4.80-5.96) 5.23 (4.70-6.23) 0959 ©
TC (mmol/L) 51+1. 47+10 0.020* °
TG (mmol/L) 161 (1.12-2.45) 1.80 (1.06-2.67) 0959 ¢
HDL-C (mmol/L) 4(0.97-1.39) 4 (0.99-1.36) 0975 ©
LDL-C (mmol/L) 327 (2.62-3.87) 3.05 (2.39-3.70) 0.126°
ESR (mm/h) 31.0 (15.0-54.0) 21.0 (14.3-30.5) 0.066 ©
CRP (mg/L) 6.53 (4.71-25.1) 495 (4.50-10.3) 0.040* ©

BMI body mass index, AST aspartate transaminase, ALT alanine aminotransferase, TP total protein, ALB albumin, TB Total bilirubin, BUN blood urea nitrogen, sUA
serum uric acid, TC total cholesterol, TG triglycerides, HDL-C high-density lipoprotein, LDL-C Low-density lipoprotein, ESR erythrocyte sedimentation rate,
CRP C-reactive protein; # Chi-squared test, ® Student’s t test,  Mann Whitney U test were used for the significance of difference between two groups. * p < 0.05

Discussion

In the current study, we confirmed the presence of high
lipid levels including TC, TG, and LDL-C in not only
patients with gout but asymptomatic hyperuricemia as
well. TC was significantly higher in the gout compared
to asymptomatic hyperuricemia. Our study proved a
high prevalence of cardiovascular diseases as a comor-
bidity of gout and asymptomatic hyperuricemia. Mean-
while, serum creatine became elevated in gout patients
compared with asymptomatic hyperuricemia. As cardio-
vascular comorbidities are frequently seen in patients with
gout and play an important role in the premature mortal-
ity, patients with both gout and asymptomatic hyperurice-
mia should be systematically screened for cardiovascular
diseases and risk factors, which should be addressed as an
essential part of gout and hyperuricemia management.

UA is the end product of purine metabolism, and hy-
peruricemia may lead to complications such as gout, ne-
phropathy, and urinary stones. sUA level is a biomarker
for these conditions and can work as a modulator of glu-
cose and lipid metabolism [9]. We found age was nega-
tively correlated with sUA, possible due to the majority
of the participants were male patients, which was in con-
sistence with a recent Korean study [10]. During youth,
males are at high risk of developing hyperuricemia,
which may result from unhealthy lifestyle habits such as
meat-based meals, alcohol intake, seafood and meat
soup which are favorite food in Guangzhou. The bad
habits may be corrected and result in the downtrend in-
cidence rate with the increase of age [11]. The younger
the patient had hyperuricemia or gout, the higher sUA
the patients may have. However, the result was different
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Table 3 Correlation coefficients of serum uric acid levels with demographic and biochemical variables
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Variables Total Gout Asymptomatic hyperuricemia
rho p rho p rho p
Age —-0.135*% <0.001 —-0.136% 0.001 -074 0.566
Age of hyperuricemia onset -0.091* 0.015 —0.088* 0.025 -0.126 0.326
Age of Gout onset - - -0.087* 0.027 - -
BMI 0.189* <0.001 0.164* <0.001 0.165 0.229
ALT 0.090* 0.019 0.086* 0.033 0.167 0.207
TB 0.226* <0.001 0.209* <0.001 0.273* 0.046
BUN 0.042 0.271 0.136* 0.001 0.071 0.589
Serum creatine 0.287* <0.001 0.217* <0.001 0.323* 0.012
Glucose 0.062 0.138 0.034 0439 -0.028 0.837
TC 0.067 0.074 0.071 0.072 0.134 0.294
TG 0.115* 0.002 0.116* 0.003 0.113 0.376
HDL-C -2.262* <0.001 —0.282* <0.001 —-0013 0.924
LDL-C 0.013 0.734 0.0M 0.778 0.071 0.692
ESR -0.040 0472 0.045 0443 -0.151 0442
CRP 0.136* 0.008 0.152* 0.005 0.138 0474

BMI body mass index, ALT alanine aminotransferase, TP total protein, TB Total bilirubin, BUN blood urea nitrogen, UA uric acid, TC total cholesterol, TG triglycerides,
HDL-C high-density lipoprotein, LDL-C Low-density lipoprotein, ESR erythrocyte sedimentation rate, CRP C-reactive protein; Spearman correlation analysis were

used for the significance of difference between two groups. * p < 0.05

from a previous Chinese finding [12], possibly due to the
diverse gender and age structure of the participants. Our
study confirms that females between 40 and 60 years old
are more inclined to have gout when most females are
in the perimenopause years. After menopause, hyperuri-
cemia occurs more frequently due to estrogen deficiency
[13]. Noticeably, there were 8 female patients with gout
and 3 female patients with hyperuricemia whose age was
below 30, indicating physicians should not simply
exclude hyperuricemia by gender and age.

Except for age of onset, BMI, liver function tests in-
cluding ALT and TB, and kidney function such as BUN
and serum creatine correlated with sUA positively in
gout patients. One of the reasons is that patients’ sUA
levels become elevated mainly due to impaired renal ex-
cretion. As an inflammatory marker, CRP also correlated
with sUA. It has been proposed that hyperuricemia
might be partially responsible for the proinflammatory
imbalance in the adipose tissue, representing an

underlying mechanism of the low-grade inflammation
[14]. The inflammation is among the multiple explana-
tions of why cardiovascular diseases are often seen in
gout patients. Comparatively, in patients with asymp-
tomatic hyperuricemia, only TB and serum creatine had
a positive correlation with sUA, indicating that hyper-
uricemia was associated with alteration of hepato-
biliary metabolism [15]. Thus, TB can be added to
regular examinations for individuals with asymptomatic
hyperuricemia.

Hypercholesterolemia and hypertriglyceridemia remain
challenging for patients with gout and hyperuricemia,
resulting in an increased risk of cardiovascular and cere-
brovascular disease. Hyperuricemia induced through the
administration of oxonic acid causes metabolic alter-
ations, including postprandial hypertriglyceridemia and
hypertension [16]. An increased production of uric acid
occurred in parallel with that of reactive oxygen species
(ROS). The pro-oxidant and pro-inflammatory effects of

Table 4 Mutiple regression analysis of risk factors for UA in patients with gout

Variables B Standardized coefficient t p
Gender (Male) -1127 -0312 -5.378 <0.001
Age —3475 -0.368 —2.774 0.006
BMI 5.168 0.119 2264 0.024
Age of hyperuricemia onset 2683 0.284 2.156 0.032
Serum creatine 0.534 0.119 4513 <0.001
HDL-C —-60.797 —-0.145 —2487 0013

BMI body mass index, HDL-C high-density lipoprotein
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ROS accumulation may further affect risk factors of
cardiovascular diseases [17]. Besides, uric acid may
contribute to endothelial dysfunction by inducing anti-
proliferative effects on endothelium and impairing nitric
oxide production, thus leading to inclination to cardio-
vascular diseases [18]. Our study confirmed the lipid
profile of gout patients was typified by lower serum con-
centration of HDL-C, higher serum concentrations of
TG, TC, and LDL-C. HDL particles are heterogeneous
lipoproteins carrying a large variety of enzymes, globu-
lins, microRNAs, complement components and acute
phase reactants [19]. Diverse laboratory methods con-
firmed different HDL subfractions as being anti-
atherogenic or associated with decreased cardiovascular
risk [20]. To be noticed, patients with asymptomatic hy-
peruricemia could also have dyslipidemia. In our study,
47.6% of the patients had elevated TG, while 15.9% had
raised TC levels. These results implied a necessity to in-
cluding lipid tests into routine management of gout and
even hyperuricemia.

The limitations of the current study mainly arise from
the cross-sectional study design that cannot warrant a
causal relationship between lipid levels and hyperuricemia.
Besides, we speculate that the comorbidity rate would be
underestimated due to the patient-reported method. The
last but not the least, the sample size of asymptomatic
hyperuricemia is limited, one of the reasons being that the
patients lacking certain knowledge of asymptomatic hyper-
uricemia, and only seeing a doctor during a gout attack.
Moreover, individuals with asymptomatic hyperuricemia
are now encouraged to see a primary care provider or con-
sult a physician online before going to a tertiary hospital.
Prospective studies with a large population need to be
conducted to explore the correlation between lipid levels
and gout and hyperuricemia.

Conclusions

Dyslipidemia is more commonly seen in patients with
gout, compared to asymptomatic hyperuricemia. HDL-C
is a protective predictor of sUA levels in gout.

Abbreviations

ALB: albumin; ALT: alanine aminotransferase; AST: aspartate transaminase;
BMI: body mass index; BUN: blood urea nitrogen BUN; Cr: creatine; CRP:
C-reactive protein; ESR: erythrocyte sedimentation rate; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol;

SD: standard deviation; sUA: serum uric acid; TB: total bilirubin; TC: total
cholesterol; TG: triglyceride; TP: total protein

Acknowledgements
Not applicable.

Authors’ contributions

All authors contributed to the study conception and design. Material
preparation, data collection, and analysis were performed by JL, YH, WS and
XL. Analysis was performed by YJ, YH, and JO. The first draft of the
manuscript was written by YJ and QW, supervised by JL and JG. All authors

Page 6 of 7

commented on previous versions of the manuscript. All authors read and
approved the final manuscript.

Funding

This study was funded by Major program of Health Medical Collaborate
Innovation of Guangzhou (Grant number 201604020013) and National Key
Research and Development Plan (Grant number 2016YFC0903500).

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate

This study was approved by the ethics committee of the Third Affiliated
Hospital of Sun Yat-sen University [(2017) 02-295-01] and conducted in
compliance with Helsinki Declaration. All participants gave written informed
consent of the study and possible publication before enrolment.

Consent for publication
Consent for publication have be obtained from the participants.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Rheumatolgy and Immunology, Huadu Affiliated Hospital of
Southern Medical University, Huadu District People’s Hospital, Guangzhou
510800, China. “Department of Rheumatology and Immunology, Third
Affiliated Hospital of Sun Yat-sen University, 600 Tianhe Road, Guangzhou
510630, China.

Received: 6 December 2019 Accepted: 21 January 2020
Published online: 03 March 2020

References

1. Primatesta P, Plana E, Rothenbacher D. Gout treatment and comorbidities: a
retrospective cohort study in a large US managed care population. BMC
Musculoskelet Disord. 2011;12:103.

2. Zheng X, Gong L, Luo R, et al. Serum uric acid and non-alcoholic fatty liver
disease in non-obesity Chinese adults. Lipids Health Dis. 2017;16:202.

3. Zhao G, Huang L, Song M, Song Y. Baseline serum uric acid level as a
predictor of cardiovascular disease related mortality and all-cause mortality:
a meta-analysis of prospective studies. ATHEROSCLEROSIS. 2013;231:61-8.

4. Mazzali M, Hughes J, Kim YG, et al. Elevated uric acid increases blood
pressure in the rat by a novel crystal-independent mechanism.
HYPERTENSION. 2001,38:1101-6.

5. AliN, Rahman S, Islam S, et al. The relationship between serum uric acid
and lipid profile in Bangladeshi adults. BMC Cardiovasc Disord. 2019;19:42.

6. Yang WX, Ma Y, Hou YL, et al. Prevalence of Hyperuricemia and its
Correlation with Serum Lipids and Blood Glucose in Physical Examination
Population in 2015-2018: a Retrospective Study. Clin Lab. 2019,65:8.

7. Saito Y, Nakayama T, Sugimoto K, et al. Relation of lipid content of coronary
plaque to level of serum uric acid. Am J Cardiol. 2015;116:1346-50.

8. Neogi T, Jansen TL, Dalbeth N, et al. 2015 gout classification criteria: an
American College of Rheumatology/European league against rheumatism
collaborative initiative. ARTHRITIS RHEUMATOL. 2015,67:2557-68.

9. Lima WG, Martins-Santos ME, Chaves VE. Uric acid as a modulator of
glucose and lipid metabolism. BIOCHIMIE. 2015;116:17-23.

10. Kim Y, Han KD, Kim DH, et al. Women with metabolic syndrome and
general obesity are at a higher risk for significant Hyperuricemia compared
to men. J Clin Med. 2019;8(6):837.

11. Cao J, Wang C, Zhang G, et al. Incidence and simple prediction model of
Hyperuricemia for urban Han Chinese adults: a prospective cohort study. Int
J Environ Res Public Health. 2017;14(1):67.

12. Zhang QB, Zhu D, Wen Z, et al. High levels of serum uric acid, Cystain C
and lipids concentration and their clinical significance in primary gouty
Arthritis patients. Curr Rheumatol Rev. 2019;15:141-5.

13. Guan S, Tang Z, Fang X, et al. Prevalence of hyperuricemia among Beijing
post-menopausal women in 10 years. Arch Gerontol Geriatr. 2016;64:162-6.



Liang et al. Lipids in Health and Disease

20.

(2020) 19:31

Baldwin W, McRae S, Marek G, et al. Hyperuricemia as a mediator of the
proinflammatory endocrine imbalance in the adipose tissue in a murine
model of the metabolic syndrome. DIABETES. 2011;60:1258-69.
Leon-Pedroza JI, Escobedo G, Gonzalez-Chavez A. Relationship of
hyperuricemia with low density lipoprotein , liver function tests and markers
of systemic inflammation in patients with morbid obesity. Gac Med Mex.
2017;153:542-50.

Tapia E, Cristobal M, Garcia-Arroyo FE, et al. Synergistic effect of uricase
blockade plus physiological amounts of fructose-glucose on glomerular
hypertension and oxidative stress in rats. Am J Phys Renal Phys.
2013;304:F727-36.

Strazzullo P, Puig JG. Uric acid and oxidative stress: relative impact on
cardiovascular risk? Nutr Metab Cardiovasc Dis. 2007;17:409-14.

Baker JF, Krishnan E, Chen L, et al. Serum uric acid and cardiovascular
disease: recent developments, and where do they leave us? Am J Med.
2005;118:816-26.

Toth PP, Barter PJ, Rosenson RS, et al. High-density lipoproteins: a consensus
statement from the National Lipid Association. J CLIN LIPIDOL.
2013;7:484-525.

Rysz-Gorzynska M, Banach M. Subfractions of high-density lipoprotein (HDL)
and dysfunctional HDL in chronic kidney disease patients. Arch Med Sci.
2016;12:844-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Study population
	Data collection
	Statistical analysis

	Results
	Demographic and disease characteristics of gout patients
	Comparisons of the variables between patients with gout and patients with asymptomatic hyperuricemia
	Correlation of serum UA levels with demographic and biochemical variables including lipid levels
	Predictive factors for sUA levels in patients with gout

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

