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Background. Although the relationship between gout and cardiovascular has been well demonstrated, there is little information
about the difference between gout with cerebrovascular disease and cardiovascular disease. In this study, the differences between
gout with cerebral infarction (gout+CI) and gout with coronary heart disease (gout+CHD) and related factors that affect serum
uric acid (sUA) levels in gout+CI were investigated by a cross-sectional study. Method. The patients from Jiangxi Provincial
People’s Hospital with gout+CHD, gout+CI, and gout with coronary heart disease and cerebral infarction (gout+CHD+CI)
between 2016 and 2020 were included in this study, and the medical record data were collected and analyzed. Results. We
observed significant differences in age, drinking, hypertension, long-term use of diuretics and NSAIDs, sUA, CRE, and blood
glucose in patients with gout+CHD and gout+CIL. The sUA level was significantly positively correlated with smoking, CRE, and
TG in the gout+CI group and was only positively correlated with CRE in the gout+CHD group and the gout+CHD+CI group
(p < 0.05). Interestingly, the sUA level was only negatively correlated with the age and gender in the gout+CI group (p < 0.05).
After excluding factors with no significant statistical effect, only age, gender, smoking, CRE, and TG were included in the
multiple linear regression model. It suggested that smoking, CRE, and TG are positively correlated with the sUA level, while age
was negatively correlated with the sUA level. Conclusions. There are many discrepancies in clinical characteristics between gout
+CHD patients and gout+CI patients, especially that the factors that affect UA levels are significantly different. The data also
suggested that uric acid-lowering therapy may need to be strengthened in the young gout+CI patients with a history of smoking.

1. Introduction

Gout is a chronic inflammatory disease, which was caused by
abnormal purine metabolism and decreased uric acid excre-
tion leading to increased levels of sUA. It is characterized
by swollen, hot, and painful joints. However, gout is a sys-
temic disease, usually complicated by cardiovascular diseases,
hypertension, dyslipidemia, diabetes, and other diseases [1].
Hyperuricemia is associated with an increased risk of cardio-
vascular disease [2]. Patients with gout have a higher risk of
coronary heart disease than those without gout. In addition,
compared with gout patients who have received antigout
treatment, gout patients who have not received antigout
treatment have a significantly increased risk of coronary
heart disease [3]. However, there are few data on the relation-

ship between gout and cerebrovascular diseases. A previous
study has shown that higher sUA levels are an independent
risk factor for coronary heart disease. In addition, a positive
correlation between the risk of coronary heart disease and
the level of UA was observed [4]. It has been reported that
different UA concentrations have different effects on brain
injury. An appropriate concentration of UA can significantly
improve cell viability and reduce cell apoptosis and has a
neuroprotective effect, while a high concentration of UA
reduces cell viability [5]. Although increased levels of SUA
have been shown to be associated with increased risk of cere-
bral infarction (CI) [6, 7], there are few data on the influenc-
ing factors of sUA levels in patients with gout and CI.
Therefore, in this study, we conducted a cross-sectional study
on the gout+CHD group, the gout+CI group, and the gout
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+CHD+CI patients to explore the characteristics of gout+CI
patients and the factors that affect uric acid in these patients.
The data showed significant differences in age, drinking,
hypertension, long-term use of diuretics and NSAIDs, sUA,
CRE, and blood glucose in patients with gout+CHD and
gout+CI. In addition, there are many discrepancies in factors
affecting sUA levels between gout+CHD patients and gout
+CI patients, and the data also suggested that UA-lowering
therapy may need to be strengthened in the young gout+CI
patients with a history of smoking.

2. Materials and Method

2.1. Research Objects. All patients who were diagnosed with
gout complicated with CHD, gout complicated with CI, or
gout complicated with CHD and CI and then discharged
from Jiangxi Provincial People’s Hospital from January 1,
2016, to November 1, 2020, were included in the cross-
sectional study. Criteria included a discharge diagnosis of
gout+CHD, gout+ClI, or gout+CHD+CI and age > 18 years.
Criteria excluded anemia, chronic tumor, myelodysplastic
or lymphatic proliferative disease, primary renal inadequacy,
secondary gout, chronic hepatic insufficiency, pregnancy or
lactation in females, and patients with incomplete informa-
tion. This study was approved by the ethics committee of
Jiangxi Provincial People’s Hospital. Patients’ information
was acquired and collected from the electronic medical
record system of Jiangxi Provincial People’s Hospital, with-
out actual contact with any patients.

The main data sources for the diagnosis of gout, CHD,
CI, and hypertension were acquired from the hospital elec-
tronic medical record, especially the discharged diagnosis
and medical history, which includes the usage records of
maintenance drugs (e.g., uric acid-lowering drugs and anti-
hypertensive drugs) and CHD medicine treatment for sec-
ondary prevention, and previous medical records. We
collected demographic characteristics, clinical characteristics,
and laboratory parameters (e.g., age, gender, BMI, blood
pressure, smoking, drinking, sUA levels, creatinine, total
cholesterol, triglyceride, low-density lipoprotein, blood glu-
cose, and long-term use of diuretics and nonsteroidal anti-
inflammatory drugs) from the hospital’s discharge record.
Fasting venous blood was collected in the morning for all lab-
oratory tests.

2.2. Diagnostic Criteria. Gout: patients who had a diagnosis of
gout and had received drugs to lower sUA before admission,
such as febuxostat, colchicine, or allopurinol according to the
previous medical history, or patients who were newly diag-
nosed with gout during their hospitalization between 2016
and 2020, which met the 2015 ACR/EULAR classification
criteria for gout [8].

CHD: patients who had a diagnosis of CHD and had
received secondary prevention for CHD before admission
according to the previous medical history or patients who
were newly diagnosed with CHD on the basis of the typical
clinical symptoms, electrocardiogram characteristics and
myocardial necrosis markers, or coronary angiography, dur-
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ing their hospitalization from January 1, 2016, to November
1, 2020.

CI: patients who had a diagnosis of CI and had received
lipid-lowering, antiplatelet aggregation and other relevant
treatment before admission according to the previous medi-
cal history or patients who were newly diagnosed with CI
on the basis of focal neurological defects and brain CT or
MRI examinations during their hospitalization from January
1, 2016, to November 1, 2020.

Hypertension: patients who were previously diagnosed
with hypertension and had received antihypertensive therapy
or patients whose systolic pressure > 140 mmHg and/or dia-
stolic pressure >90 mmHg were found twice during their
hospitalization from January 1, 2016, to November 1, 2020.

Long-term use of diuretics and nonsteroidal anti-
inflammatory drugs (NSAIDS) was defined as taking the
medicine for three months or more.

2.3. Statistical Analysis. The continuous data were calculated
and expressed as median (min-max) or mean + standard
deviation; the classified variables were represented as the
count and percentage. Statistically significant differences
were determined using the chi-squared test, one-way analysis
of variance, Kruskal-Wallis test, and Bonferroni’s multiple
comparison test. Pearson (point-biserial) correlation analysis
was performed among sUA levels, demographic characteris-
tics, and clinical and laboratory variables. Variables with p
<0.05 were involved in the multivariate linear regression
model. All data were statistically analyzed using Statistical
Package for the Social Sciences (SPSS) software version 21.
Two-tailed p < 0.05 was considered statistically significant.

3. Results

3.1. Demographic and Laboratory Variables and Clinical
Characteristics among the Three Groups. The information
was collected from 3464 patients with gout from January 1,
2016, to November 1, 2020, which included 626 gout+CHD
patients, 584 gout+CI patients, and 151 gout+CHD+CI
patients. According to the inclusion and exclusion criteria,
753 discharged patients were finally included, including 353
cases of gout+CHD, 298 cases of gout+ClI, and 102 cases of
gout+CHD+CIL. The demographic information, laboratory
variables, and clinical characteristics of the subjects are listed
in Table 1. Most of the patients were male (gout+CI+CHD:
84 (82.4), gout+CHD: 328 (92.9), and gout+CI: 270 (90.6)).
The vast majority of patients are elderly patients (gout
+CHD+CI: 76.5+ 11.8, gout+CHD: 67.8 +11.7, and gout
+CI: 70.4 + 11.6). There are statistically significant differ-
ences in age, gender, BMI, drinking, long-term use of
diuretics, long-term use of NSAIDs, sUA, CRE, TC, TG,
LDL, and blood glucose among the gout+CHD group, the
gout+CI group, and gout+CHD+CI group (p < 0.05), while
no significant differences in other variables such as smoking
and hypertension were observed (p > 0.05) (Table 1).

Next, we compared the characteristics that have signifi-
cant differences between the three groups in pairs. As shown
in Table 2, the gout+CHD and gout+CI+CHD groups, as
well as the gout+CI and gout+CI+CHD groups, had
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TaBLE 1: Comparisons of variables in the gout+CI group, the gout+CHD group, and the gout+CI+CHD group.

Characteristics Gout+CI+CHD (n =102) Gout+CHD (n = 353) Gout+CI (n =298) p value
Age (year) 76.5+11.8 67.8+11.7 70.4+11.6 <0.001>
Gender, male, 1 (%) 84 (82.4) 328 (92.9) 270 (90.6) 0.006"
BMI (kg/m?) 23.9+3.7 24.7+3.6 24.1+34 0.027*
Underweight (<18.5), n (%) 5(4.9) 15 (4.3) 14 (4.7)

Normal weight (18.5~23.9), n (%) 45 (44.1) 136 (38.5) 136 (45.6)

Overweight (24.0~27.9), n (%) 41 (40.2) 147 (41.6) 110 (36.9)

Obesity (>28), n (%) 11 (10.8) 55 (15.6) 38 (12.8)

Smoking, 71 (%) 35 (34.3) 162 (45.9) 128 (43.0) 0.115"
Drinking, 1 (%) 21 (20.6) 98 (27.8) 123 (58.7) <0.001"
Hypertension, n (%) 49 (48.0) 155 (43.9) 158 (53.0) 0.068"
Long-term use of diuretics, n (%) 3(2.9) 10 (2.8) 39 (13.1) <0.001"
Long-term use of NSAIDs, 1 (%) 27 (26.5) 84 (23.8) 25 (8.4) <0.001"
sUA (umol/L) 454.1+133.4 497.4+132.8 465.5+118.2 <0.001°
CRE (mmol/L) 94.5 (78.0-117.3) 99.0 (79.0-125.0) 91.5 (74.8-114.3) 0.016°
TC (mmol/L) 4.0+1.2 4.2 (3.5-5.0) 4.3 (3.5-5.1) 0.003°
TG (mmol/L) 1.3 (0.9-1.9) 1.5 (1.1-2.0) 1.4 (1.0-1.9) 0.041°
LDL (mmol/L) 2.1 (1.4-2.9) 2.2 (1.8-2.9) 2.4 (1.9-3.0) 0.004°
Blood glucose (mmol/L) 5.7 (4.7-7.0) 5.8 (5.0-7.5) 5.5 (4.8-7.0) 0.011°

BMI: body mass index; sUA: serum uric acid; CRE: creatinine; TC: total cholesterol; TG: triglycerides; LDL: low-density lipoprotein; gout+CI+CHD: gout with
cerebral infarction and coronary heart disease group; gout+CHD: gout with coronary heart disease group; gout+CI: gout with cerebral infarction group. Data
with a normal distribution were represented as the mean + standard deviation, and data with abnormal distribution were represented as median (interquartile
range). The classified variables were represented as the count and percentage. 'Chi-squared test, one-way analysis of variance, and *Kruskal-Wallis test were
used for the significance of difference between three groups.

TaBLE 2: Comparison of classified variables within groups.

Long-term use  Long-term use

Gender, male Drinking Smoking of diuretics of NSAIDs Hypertension

x> pvalue x>  pvalue y* pvalue x2 pvalue x> pvalue y*> pvalue
Gout+CI vs. gout+CHD 1.157 0282 13.159 <0.001 0.565 0.452 8324 0.004 21.966 <0.001 5.373 0.02
Gout+CHD vs. gout+CI+CHD 10.322  0.001  2.109 0.146 4.321 0.038 0.003 0954 0.307 0.58 0546 0.46
Gout+ClI vs. gout+CI+CHD 5.083 0.024 14.115 <0.001 2.349 0.125 24412 <0.001 27.515 <0.001 0.755 0.385

p value of significance assessed by the chi® test (categorical variables) and Bonferroni correction.

statistically significant gender differences (p < 0.05); the gout
+CI and gout+CHD groups, as well as the gout+CI and gout
+CI+CHD groups, had statistically significant differences in
drinking and long-term use of diuretics and NSAIDs
(p <0.05). Abnormal metabolism plays an important role
in gout and cardiovascular and cerebrovascular diseases.
Therefore, we also explored the differences in metabolic
parameters between groups. There were statistically signifi-
cant differences in TC and LDL between the gout+CI and
gout+CI+CHD groups, as well as the gout+CHD and gout
+CI+CHD groups (p < 0.05), while no considerable differ-
ence was observed between the gout+CIl and gout+CHD
groups. However, the CRE and blood glucose were markedly
decreased in gout+CI patients when compared with gout
+CHD patients (p <0.05) (Table 3). The comparison
between groups found that there was no difference in BMI
between any two groups, but sUA was significantly lower in

the gout+CI patients than in the gout+CHD group
(p <0.05) (Table 4). The above results suggest that there are
significant differences in the clinical characteristics of gout
+CI and gout+CHD. It is necessary to further explore the
influencing factors of the sUA level in patients with gout+CI.

3.2. Correlation of sUA with Demographic Characteristics,
Clinical Characteristics, and Biochemical Variables. The uric
acid value of gout+CI was significantly lower than that of
gout+CHD patients, but there was no statistical difference
between the gout+CI and gout+CI+CHD groups. It is possi-
ble that CI has an effect on gout+CI+CHD patients. In order
to explore the reason why the sUA level of the gout+CI
patients is statistically lower than that of the gout+CHD
patients, we conducted an analysis of factors related to the
sUA level. As shown in Table 5, sUA levels in the gout+CI
patients was negatively correlated with age and gender and
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TaBLE 3: Comparison of nonnormal distribution or unequal comparison of continuous variables within groups.

TC CRE TG LDL Blood glucose
Gout+CI vs. gout+CHD, p value 0.671 0.013 0.097 0.614 0.016
Gout+CHD vs. gout+CI+CHD, p value 0.025 0.786 0.058 0.041 0.162
Gout+CI vs. gout+CI+CHD, p value 0.002 1 0.746 0.003 1

CRE: creatinine; TC: total cholesterol; TG: triglycerides; LDL: low-density lipoprotein. p value of significance assessed by Kruskal-Wallis® test (continuous

variables) and Bonferroni correction.

TaBLE 4: Comparison of normal distribution and equal comparison
of continuous variables within groups.

sUA BMI Age

Gout+CI vs. gout+CHD, p value 0.005 0.076 0.018
Gout+CHD vs. gout+CI+CHD, p value 0.008 0.107 <0.001
Gout+CI vs. gout+CI+CHD, p value 1 1 <0.001
F 7306 3.579 21.884
p <0.001 0.028 <0.001

sUA: serum uric acid; BMI: body mass index. p value of significance assessed
by one-way analysis of variance (continuous variables) and Bonferroni
correction.

positively correlated with smoking, CRE, and TG (p < 0.05).
In contrast, the levels of sUA in the gout+CHD group and
the gout+CI+CHD group were only positively correlated
with CRE (p < 0.05). These results reveal that the influencing
factors of UA in patients with gout+CI are significantly dif-
ferent from those of gout+CHD.

3.3. Multiple Linear Regression of sUA Factors Related to Gout
+CI Patients. The above results show that multiple factors are
significantly related to sUA in patients with gout+CI. We fur-
ther used multiple linear regression to analyze the influenc-
ing factors of UA in patients with gout+CI. After excluding
nonstatistically significant factors, age, gender, smoking,
CRE, and TG were included in the multiple linear regression
model, and Pearson correlation analysis was performed on
the various factors of the sUA level. The multiple linear
regression model was statistically significant (F =15.714,
p<0.001). As is shown in Table 6, smoking
(B=28.887,p=0.026), CRE (B=1.277,p<0.001), and
TG (B=15.993,p=0.005) showed a positive correlation
with sUA levels, while age (B=-1.392, p=0.013) was neg-
atively correlated with sUA levels. However, gender was
not significantly associated with sUA levels (p=0.595).
Among the relevant factors, CRE had the most significant
influence on sUA levels (beta =0.380).

4. Discussion

Here, we conducted a cross-sectional study on the gout
+CHD group, gout+CI group, and gout+CHD+CI patients
to explore the characteristics of gout+CI patients and the fac-
tors that affect uric acid in these patients. The data showed
significant differences in age, drinking, hypertension, long-
term use of diuretics and NSAIDs, sUA, CRE, and blood glu-
cose in patients with gout+CHD and gout+CI. The sUA level

of the gout+CI group was lower than that of the gout+CHD
group. In addition, there are differences in factors affecting
uric acid levels between gout+CHD patients and gout+CI
patients.

In the gout+CI group, there were significant correlations
between age, smoking, CRE, and TG and sUA, while a nega-
tive correlation between age and sUA was observed, which
may be because the population we included is mainly elderly
men (70.4+11.6). Young men are more likely to have an
unhealthy lifestyle, including excessive alcohol, sugary drinks,
and excessive intake of high-purine foods, such as meat and
seafood. It has shown that unhealthy eating habits will gradu-
ally improve with age, which may lead to a decrease in sUA
levels [9, 10], but this is contrary to some other studies [11,
12]. This may indicate that the younger the patient, the more
timely sUA should be reduced. Women often have low sUA
levels and rarely get gout. However, there is no significant cor-
relation between gender and sUA level in our study, which
may be because the gout women included in the group are
all elderly women who have passed menopause and have lost
estrogen protection. However, in the group comparison and
Spearman correlation analysis, there is a statistical difference
in gender, which is consistent with a previous study [13].

Among these related factors, CRE has the most signifi-
cant impact on sUA levels. Two-thirds of sUA are excreted
through the kidneys, and one-third is excreted through the
intestines. sUA is filtered in the glomerulus and then reab-
sorbed and secreted in the renal tubules, but about 90% of
the excreted UA is reabsorbed [14-16]. The renal excretion
of sSUA depends on specific transporters, including URAT1
(uric acid transporter 1), GLUT9 (glucose transporter 9),
and BCRP (breast cancer resistance protein). Therefore,
impaired renal function may lead to an increase in sUA,
which may be a decrease in glomerular filtration or a decrease
in renal tubular resecretion [17], accompanied by an increase
in CRE. Adversely, It has been proved that the level of sSUA is
closely related to the progression of nephropathy [18, 19],
which may be related to sUA causing kidney damage by stim-
ulating the adrenaline-angiotensin system and promoting the
proliferation of vascular smooth muscle cells [20, 21], as well
as high uric acid. Symptoms of hyperemia can affect renal
hemodynamics and cause glomerular perfusion disorders
[22]. In addition, sUA crystals may damage the renal tubules
through inflammasome [23], resulting in a decrease in the
glomerular filtration rate and an increase in creatinine levels.
In this study, we only collected data on patients with gout.
Therefore, these patients may suffer a large amount of
inflammatory burden and potential kidney damage, which
is consistent with the results of this study.
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TaBLE 5: Correlation of sUA with demographic characteristics, clinical characteristics, and laboratory variables.

Variables Gout+CI+CHD Gout+CHD Gout+CI

Pearson coefficient ~ p value  Pearson coefficient  pvalue  Pearson coefficient  p value
Age (year) -0.094 0.350 -0.050 0.924 -0.127 0.028
Gender, male, n (%) -0.162 0.103 -0.073 0.173 -0.126 0.029
BMI (kg/mz) 0.019 0.850 0.064 0.233 0.068 0.243
Smoking, n (%) 0.133 0.182 0.033 0.537 0.209 <0.001
Drinking, #n (%) 0.161 0.107 0.052 0.332 0.089 0.125
Hypertension, #n (%) -0.016 0.876 0.026 0.620 -0.075 0.198
Long-term use of diuretics, 7 (%) -0.038 0.706 0.055 0.306 0.073 0.210
Long-term use of NSAIDs, n (%) 0.104 0.299 0.075 0.160 -0.060 0.300
CRE (mmol/L) 0.198 0.046 0.230 <0.001 0.369 <0.001
TC (mmol/L) -0.058 0.564 -0.029 0.592 0.036 0.532
TG (mmol/L) -0.037 0.709 0.037 0.489 0.169 0.003
LDL-C (mmol/L) 0.110 0.272 -0.035 0.509 -0.004 0.947
Blood glucose (mmol/L) 0.065 0.517 0.088 0.100 0.013 0.826
Spearman correlation analysis was used for the significance of difference.

TaBLE 6: Multiple linear regression of factors related to sUA in the gout+CI group.
Variables Uncs(t:g;zl:tzed Standardized coefficient T » VIF
B SE Beta

Age -1.392 0.557 -0.137 -2.501 0.013 1.114
Gender, male 11.595 21.803 0.029 0.532 0.595 1.077
Smoking 28.887 12.937 0.121 2.233 0.026 1.091
CRE 1.277 0.181 0.380 7.051 <0.001 1.075
TG 15.993 5.706 0.150 2.803 0.005 1.065

High levels of sUA may cause proinflammatory endo-
crine imbalance in adipose tissue [24]. Animal experiments
have shown that high sUA caused by excessive intake of
fructose-containing beverages can lead to the accumulation
of triglycerides, and it has also been shown that sUA levels
are positively correlated with TG [25, 26]. In addition, the
relationship between TG and sUA levels has been demon-
strated to be genetically related [27]. In this study, we also
found that there is a positive correlation between sUA and
TG in gout+CI patients, and the related mechanisms need
to be further explored. Previous studies have found that after
adjusting the confounding factors that affect the sUA level,
the sUA level of the smoking group was significantly lower
than that of the nonsmoking group [28]. However, it has
been reported that female smokers have a positive correlation
with sUA levels, while no significant correlation has been
found between male smokers and sUA levels [13]. Con-
versely, another study demonstrated that male smokers were
negatively correlated with sUA levels, while female smokers
did not find a significant correlation with sUA levels [29].
The related mechanisms remain elusive, since sUA has not
only prooxidative activity but also antioxidant effect [30,
31], which can act as an antioxidant against oxidative stress
induced by smoking. Our results show that smoking is posi-
tively correlated with sUA levels, and the reasons for the dif-
ferent results may be related to the differences in race, diet,

environmental factors, and genetics of the population
included in each study.

5. Conclusions

Here, we found that the level of sUA in patients with gout
+CI was significantly positively correlated with smoking,
CRE, and TG and negatively correlated with age. These
data may help us strengthen the monitoring and manage-
ment of gout patients: for the smoking, high CRE, high
TG, and younger gout patients, sooner sUA-lowering
treatment should be started. Actually, smoking and triglyc-
eride are both risk factors for CI. The main limitation of
this study is that cross-sectional studies cannot provide
evidence of causality. At the same time, this study has
the following shortcomings: this study only included Chi-
nese people, which limits our ability to extend the results
to other races; this study did not include asymptomatic
hyperuricemia patients, which limits the generality of our
study; in addition, only a small number of women with
gout are included, and the results may be controversial if
they are grouped by gender. Therefore, further prospective
research and basic research are needed to explore the rela-
tionship between gout and CI and the factors that affect
the uric acid level of gout+CL
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