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	 Background:	 To study the relationship between hyperuricemia and cardiovascular diseases (CVDs) risk factors in a Chinese 
population.

	 Material/Methods:	 Data analyzed in this study were from the Chinese Hyperuricemia and Gout Database. Indicators of serum uric 
acid (SUA) level, height, weight, systolic blood pressure (SBP), diastolic blood pressure (DBP), smoking status, 
alcohol consumption, blood glucose, cholesterol, and triglycerides were measured. T test, one-way analysis of 
variance, Pearson’s correlation, multivariate linear regression, and multivariate logistic regression were used.

	 Results:	 Compared with normouricemic men, hyperuricemic men had greater height (P<0.01), weight (P<0.001), body 
mass index (BMI) (P<0.001), SBP (P<0.01), DBP (P<0.001), cholesterol (P<0.01), and triglyceride (P<0.001). 
Compared with normouricemic women, hyperuricemic women were older (P<0.01) and had greater weight 
(P<0.05), BMI (P<0.01), SBP (P<0.01), DBP (P<0.05), glucose (P<0.05), and triglyceride (P<0.001). In men, an in-
crease of 1 mg/dL in SUA was associated with a 0.279 kg/m2 increase in BMI (P<0.001), a 2.438 mg/dL increase 
in cholesterol (P<0.05), a 10.358 mg/dL increase in triglyceride (P<0.001), and a 3.1 mg/dL decrease in glucose 
(P<0.01). In women, an increase of 1 mg/dL SUA was associated with a 0.168 kg/m2 increase in BMI (P<0.01) 
and a 3.708 mg/dL increase in triglyceride (P<0.01). After adjustment, SUA was strongly associated with obe-
sity and hyperlipidemia in both sexes.

	 Conclusions:	 Elevated serum uric acid concentration was strongly associated with obesity and hyperlipidemia in both men 
and women. These results indicated that, among hyperuricemia patients, we should pay more attention to the 
possibility of cardiovascular complications. These results might provide a novel target or a possible new treat-
ment for cardiovascular diseases by lowering the level of serum uric acid.
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Background

Cardiovascular diseases (CVDs) are a set of multiple disor-
ders of the heart and blood vessels, including coronary heart 
disease, cerebrovascular disease, peripheral arterial disease, 
rheumatic heart disease, congenital heart disease, deep vein 
thrombosis, and pulmonary embolism [1]. According to WHO 
data [2], approximately 17.3 million people world-wide died 
from CVDs in 2008, over 80% of which lived in low- and mid-
dle-income countries. In 2012, cardiovascular diseases were the 
leading cause of non-communicable disease deaths (17.5 mil-
lion deaths), and it has been predicted that there will be more 
than 23 million people world-wide dying annually from CVDs 
by 2030 [3]. There are various risk factors involved for CVDs, 
including heredity/family history, sex, race/ethnicity, age, hy-
pertension, hypercholesterolemia, diabetes mellitus, obesity, 
smoking/tobacco, stress/depression, and risk behaviors [4–8]. 
Genetic risk factors such as carotid intima-media thickness are 
related to cardiovascular morbidity and mortality [4,9], and so-
cioeconomic factors and social environment also affect the de-
terioration and prognosis of CVDs [6,7].

Hyperuricemia has been viewed as being connected with CVDs 
risk factors since the last century [10]. Hyperuricemia was ob-
served with an increased morbidity and mortality of CVDs such 
as hypertension, coronary heart disease (CHD), and myocardial 
infarction (MI) [11–13]. Many CVDs risk factors were thought 
to be associated with increased serum uric acid (SUA), such as: 
indicators of obesity, including body mass index (BMI), waist 
circumference (WC), and waist-to-hip ratio (WHR); indicators 
of hyperlipidemia including cholesterol, triglyceride, low-den-
sity lipoprotein (LDL), and high-density lipoprotein (HDL); and 
indicators of hypertension, including systolic blood pressure 
(SBP), and blood glucose and insulin level [13–21]. These re-
sults indicate that SUA-lowing treatment may be useful in of-
fering a possible novel target for controlling CVDs [20,22–24].

However, the relationship between hyperuricemia and CVDs 
risk factors is controversial and conflicting. First, the debate 
focuses on whether hyperuricemia is an independent risk fac-
tor for CVDs or is only associated with CVDs because of con-
founding factors. Some studies reported that increased SUA 
was an independent risk factor contributing to CVDs [13,19,20], 
but other studies found that SUA was not a truly independent 
risk factor for CVDs. Increased SUA appeared to be an integral 
part of the cluster of risk factors associated with CVDs, includ-
ing obesity, raised serum triglycerides, and cholesterol [17,18]. 
Second, the debate focuses on the sex difference in this rela-
tionship. Some studies found that the significant association 
between hyperuricemia and CVDs only existed in women but 
not in men [13,18]. However, other studies indicated that the 
positive association was observed in men [11,17]. Also, there 
were studies demonstrating that the relationship was seen in 

both sexes [21]. Third, the prevalence of hyperuricemia was 
different in different racial populations [14,25–27].

However, there are few studies on this relationship in the 
Chinese population. We designed the present study to inves-
tigate the relationship between hyperuricemia and CVDs risk 
factors in Chinese men and women. Indicators of CVDs were 
evaluated and the association with SUA levels was analyzed.

Material and Methods

Participants

The data analyzed in the present study were based on Chinese 
Hyperuricemia and Gout Database, provided by the Chinese 
National Scientific Data Sharing Platform for Population and 
Health. The participants were composed of health checkup 
residents in the Beijing Xiehe Hospital and part of the com-
munity population in Beijing, China. There were 940 partici-
pants in total, including 599 men, 288 women, and other 53 
participants without sex information, ranging from 18 to 90 
years old. Those cases without sex information were exclud-
ed from further analysis.

Measures

Indicators of SUA level, height, weight, SBP, DBP, fatty liver, smok-
ing status, alcohol consumption, blood glucose, cholesterol, and 
triglycerides were measured in the participants. SUA was mea-
sured to the nearest 0.1 mg/dL. Hyperuricemia was defined as 
SUA ³7.0 mg/dL for men and SUA ³6.0 mg/dL for women [28,29]. 
Complications were analyzed by the diagnostic history, including 
CHD, hypertension, stroke, hyperlipidemia, DM, and gout. Fatty 
liver was observed by B-mode ultrasonography. Smoking sta-
tus was divided into 3 groups: current smoker, non-smoker, and 
former smoker. Alcohol consumption was classified into current 
drinker, non-drinker, and former drinker. Among current drink-
ers, the frequency of alcohol consumption was recorded as fre-
quency/week, and the alcoholic beverage classifications (spirits, 
beer, and wine) were also recorded. Physical activities were re-
corded by frequency per week, light activity defined as less than 
2 times/week, mediate activity defined as 3–5 times/week, and 
heavy activity defined as more than 6 times/week [30].

Height was measured to the nearest 1 cm, weight was mea-
sured to the nearest 0.1 kg, and BMI was calculated as 
body weight/height2 (kg/m2). Obesity was defined as BMI 
³30.0 kg/m2, overweight was defined as 25.0 kg/m2 £BMI 
£29.9 kg/m2, normal was defined as 18.5 kg/m2 £BMI £24.9 
kg/m2, and underweight was defined as BMI £18.4 kg/m2 [30]. 
Both SBP and DBP were measured to the nearest 1 mmHg. 
Hypertension was defined as having blood pressure ³140/90 
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mm Hg, or currently undergoing anti-hypertensive pharmaco-
logic treatment [31]. Fasting plasma glucose was measured to 
the nearest 1 mg/dL. Diabetes mellitus (DM) was defined as 
fasting plasma glucose (FPG) ³126 mg/dL or currently under-
going pharmacologic treatment, impaired fasting glucose (IFG) 
was defined as 110 mg/dL £FPG <126 mg/dL, and normal state 
was defined as FPG <110 mg/dL [32]. Cholesterol and triglyc-
eride were measured to the nearest 1 mg/dL. Hyperlipidemia 
was defined as serum triglyceride level ³150 mg/dL or total 
cholesterol level ³200 mg/dL [33].

Statistical analyses

Continuous variables are provided as mean with standard de-
viation (SD). Categorical variables were classified into groups 
as described above. The t test was used to detect the differ-
ence between men and women, or to compare patients with 
hyperuricemia and participants with normouricemia. One-way 
analysis of variance (ANOVA) was used when there were more 
than 2 groups. Pearson’s correlation coefficients were calcu-
lated to detect the correlation between the level of SUA and 
other CVDs risk factors in both men and women. Two multi-
variate linear regression models were applied to determine 
the different effects of different covariates contributed to the 
variation of the SUA. The first model was a stepwise section 
procedure and the second model was an enter section proce-
dure. Also, for those categorical variables, multivariate logis-
tic regression models (adjusted by age and other confound-
ing factors) were used to determine the relationship between 
hyperuricemia and CVDs risk factors. P<0.05 was regarded as 
statistical significance.

Results

We calculated the mean value of each indicator in Chinese men 
and women, as shown in Table 1. By comparing the indicators 
between men and women, we found that, except for age and 
cholesterol, other indicators, such as SUA, height, weight, BMI, 
SBP, DBP, the level of serum glucose, and triglyceride, were 
significantly different for men and women. These results in-
dicated that the study should be implemented for each sex 
separately, instead of a mixed-sex study. In Table 2, the por-
tions of different status were also calculated in both sexes. 
The comparison between the 2 sexes was similar with the re-
sults of Table 1, except for the DM, IFG, and normal state divid-
ed by the level of glucose. However, we noted that in Chinese 
women, the numbers of current and former smokers were too 
small to be included as accurate factors.

In Table 3, for both sexes, we compared the mean value of 
each indicator between patients with hyperuricemia and par-
ticipants with normouricemia. In men, the age of hyperurice-
mic patients was not significantly different from that of normal 
participants (P=0.644). However, the height, weight, and BMI 
of patients with hyperuricemia were significantly higher than 
those of participants with normouricemia. Also, both SBP and 
DBP of patients with hyperuricemia were significantly high-
er than those of normal participants. In addition, the level of 
cholesterol and triglyceride were also higher for patients. In 
women, hyperuricemic patients were older, with higher value 
of weight, BMI, SBP, DBP, glucose, and triglyceride.

 Unit
Men Women

P value
Mean  SD Mean  SD

Number 599 288

SUA mg/dL 5.60 1.20 4.21 1.08 ***

Age years 46.61 16.17 48.28 17.49 P=0.175

Height cm 170.60 6.05 158.90 6.46 ***

Weight kg/m2 72.35 10.56 58.36 8.81 ***

BMI mmHg 24.83 3.10 23.22 3.44 ***

SBP mmHg 123.63 15.78 115.76 15.08 ***

DBP mmHg 75.69 9.49 69.57 9.13 ***

Serum glucose mg/dL 102.44 26.28 97.04 13.88 ***

Cholesterol mg/dL 181.19 32.70 184.47 37.83 P=0.211

Triglyceride mg/dL 139.55 85.51 118.61 78.12 ***

Table 1. The comparison of cardiovascular disease risk factors between men and women.

SD – standard deviation; SUA – serum uric acid; BMI – body mass index; SBP – systolic blood pressure; DBP – diastolic blood pressure; 
P value was compared between men and women; *** means P<0.001.
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Men Women
P value

Number Percentage Number Percentage

Smoking status

Current smoker 116 32.13% 6 2.94%

Non-smoker 198 54.85% 194 95.10%

Former smoker 47 13.02% 4 1.96% ***

Alcohol consumption

Current drinker 217 60.11% 48 23.53%

Non-drinker 117 32.41% 154 75.49%

Former drinker 27 7.48% 2 0.98% ***

Physical activities

Light activity £2 times/week 91 25.35% 76 37.25%

Mediate activity 3–5 times/week 136 37.88% 49 24.02%

Heavy activity ³6 times/week 132 36.77% 79 38.73% **

Body mass index

Obesity BMI ³30.0 kg/m2 25 4.48% 10 3.51%

Overweight 25.0 kg/m2 £BMI £29.9 kg/m2 244 43.73% 73 25.61%

Normal state 18.5 kg/m2 £BMI £24.9 kg/m2 279 50.00% 184 64.56%

Underweight BMI £18.4 kg/m2 10 1.79% 18 6.32% ***

Blood pressure

Hypertension BP ³140/90 mm Hg 80 14.41% 19 6.71%

Normal state BP <140/90 mm Hg 475 85.59% 264 93.29% ***

Serum glucose

DM FPG ³126 mg/dL 41 7.11% 11 3.83%

IFG 110 mg/dL £FPG <126 mg/dL 52 9.01% 20 6.97%

Normal state FPG <110 mg/dL 484 83.88% 256 89.20% P=0.082

Cholesterol

Hyperlipidemia Chol ³200 mg/dL 167 28.99% 99 34.49%

Normal state Chol <200 mg/dL 409 71.01% 188 65.51% P=0.101

Triglyceride

Hyperlipidemia TG ³150 mg/dL 187 32.47% 73 25.52%

 Normal state TG <150 mg/dL 389 67.53% 213 74.48% *

Table 2. The portions of different status of cardiovascular disease risk factors between men and women.

SD – standard deviation; SUA – serum uric acid; BMI – body mass index; SBP – systolic blood pressure; DBP – diastolic blood pressure; 
DM – diabetes mellitus; FPG – fasting plasma glucose; IFG – impaired fasting glucose; Chol – cholesterol; TG – triglyceride; P value was 
compared between men and women; * means P<0.05; ** means P<0.01; *** means P<0.001.
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The sex-specific Pearson’s correlation coefficients of SUA with 
those components of CVDs risk factors are shown in Table 4. 
In both men and women, we observed that weight, BMI, and 
the level of triglyceride showed the strongest positive corre-
lation. In men, the positive correlation coefficients were age, 
height, weight, BMI, SBP, DBP, cholesterol, and triglyceride. 

In women, the positive correlation coefficients were age, 
weight, BMI, SBP, DBP, glucose, cholesterol, and triglycer-
ide. Using the stepwise section procedure of multivariate lin-
ear regression models, we observed that for men, age, BMI, 
DBP, glucose, cholesterol, and triglyceride were the major 
determinants for the variation of the level of SUA (Table 5), 

Unit

Men Women

Hyperuricemia Normouricemia
P value

Hyperuricemia Normouricemia
P value

Mean SD Mean SD Mean  SD Mean  SD

Number 66 512 20 266

SUA mg/dL 7.75 0.69 5.33 0.95 *** 6.55 0.45 4.04 0.89 ***

Age years 46.14 14.95 47.05 16.45 P=0.644 60.25 14.23 47.46 17.42 **

Height cm 172.29 4.93 170.37 6.18 ** 158.37 6.54 158.94 6.49 P=0.715

Weight kg 78.57 10.21 71.52 10.38 *** 62.71 8.79 58.24 8.78 *

BMI kg/m2 26.45 3.04 24.61 3.05 *** 25.00 3.05 23.08 3.49 **

SBP mmHg 129.12 14.89 123.03 15.87 ** 127.68 16.38 114.93 14.66 **

DBP mmHg 80.22 9.32 75.18 9.37 *** 72.84 10.22 69.36 9.05 *

Serum glucose mg/dL 101.56 13.79 102.56 27.49 P=0.634 106.35 19.65 96.33 13.16 *

Cholesterol mg/dL 195.69 36.20 179.75 30.86 ** 200.30 37.87 183.22 37.69 P=0.065

Triglyceride mg/dL 201.74 103.16 131.83 79.79 *** 189.70 98.35 113.68 73.75 **

Table 3. �The comparison of cardiovascular disease risk factors between patients with hyperuricemia and participants with 
normouricemia.

SD – standard deviation; SUA – serum uric acid; BMI – body mass index; SBP – systolic blood pressure; DBP – diastolic blood pressure; 
P value was compared between patients with hyperuricemia and participants with normouricemia; * means P<0.05; **means P<0.01; 
*** means P<0.001.

Men Women

r P value r P value

Serum uric acid 1.000 1.000

Age –0.083 * 0.300 ***

Height 0.143 ** –0.062 P=0.301

Weight 0.276 *** 0.347 ***

BMI 0.244 *** 0.385 ***

SBP 0.161 *** 0.292 ***

DBP 0.219 *** 0.203 **

Serum glucose –0.070 P=0.092 0.215 ***

Cholesterol 0.150 *** 0.295 ***

Triglyceride 0.268 *** 0.432 ***

Table 4. Pearson’s correlation coefficients of serum uric acid with those components of cardiovascular disease risk factors.

SUA – serum uric acid; BMI – body mass index; SBP – systolic blood pressure; DBP – diastolic blood pressure; * means P<0.05; 
** means P<0.01; *** means P<0.001
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but for women, the major determinants were only BMI and 
triglyceride.

Analyzed by multivariate linear regression models, Table 6 
shows the relationship between SUA concentration and each 
CVDs risk factor by adjusting for other potential confounding 
factors, including age, BMI, SBP, DBP, the level of glucose, cho-
lesterol, and triglyceride. In men, after adjustment, SUA con-
centration showed significant positive associations with BMI, 
cholesterol, and triglyceride, and an inverse association with 
glucose. The results indicate that, after adjustment, an increase 
of 1 mg/dL in SUA concentration was associated with a 0.279 
kg/m2 increase in BMI (P<0.001), a 2.438 mg/dL increase in 
cholesterol (P<0.05), a 10.358 mg/dL increase in triglyceride 
(P<0.001), and a 3.1 mg/dL decrease in glucose (P<0.01). In 
women, after adjustment, only BMI and triglyceride showed 
significant associations with the level of SUA. The results in-
dicated that, after adjustment, an increase of 1 mg/dL the lev-
el of SUA was associated with a 0.168 kg/m2 increase in BMI 
(P<0.01) and a 3.708 mg/dL increase in triglyceride (P<0.01).

Analyzed by multivariate logistic regression models, Table 7 
showed the odds ratio for hyperuricemia according to differ-
ent status of smoking, drinking, physical activities and so on. In 
men, before adjustment or after age adjusted, drinking, over-
weight/obesity, hypertension, and hyperlipidemia all played pos-
itive roles in increasing the odds ratio of hyperuricemia. After 
adjustment for other potential confounding factors, drinking, 
overweight, and high level of triglyceride played positive roles 
in increasing the odds ratio of hyperuricemia. In women, be-
fore adjustment, heavy activities, overweight/obesity, hyper-
tension, IFG/DM, and hyperlipidemia all played positive roles 
in increasing the odds ratio of hyperuricemia. After adjustment 
for age, only overweight/obesity and hyperlipidemia played 
positive roles in increasing the odds ratio of hyperuricemia.

Discussion

According to our results, there was a significant relationship 
between hyperuricemia and CVDs risk factors in both Chinese 
men and women. The participants with higher levels of serum 
uric acid tended to sustain more risk factors in cardiovascu-
lar diseases, and those patients with higher CVDs risk factors 
were easier to diagnose with hyperuricemia.

Compared with normouricemic men, hyperuricemic men had 
greater height, weight, BMI, SBP, DBP, cholesterol, and triglyc-
eride. Compared with normouricemic women, hyperuricemic 
women were older and had higher weight, BMI, SBP, DBP, glu-
cose, and triglyceride. In men, the associated CVDs risk factors 
included age, alcohol consumption, BMI, DBP, glucose, cho-
lesterol, and triglyceride. After adjustment, SUA was strong-
ly associated with alcohol consumption, obesity, and hyper-
lipidemia. In women, the strong determinants were obesity 
and hyperlipidemia.

Unfortunately, the mechanism to account for this association 
is still unclear. One possible reason is about the impaired kid-
ney function, which was the main cause of hyperuricemia. 
Patients’ SUA levels increased mainly as a consequence of im-
paired renal excretion. In conditions of local ischemia, an in-
creased production of uric acid occurred in parallel with that 
of reactive oxygen species (ROS). The pro-oxidant and pro-in-
flammatory effects of ROS accumulation might further affect 
those CVDs indicators [20]. The second possible reason was 
the damage to endothelial cells (ECs) and vascular smooth 
muscle cells (VSMCs) caused by hyperuricemia. In vitro and 
in vivo research suggests that uric acid might contribute to 
endothelial dysfunction by inducing anti-proliferative effects 
on endothelium and impairing nitric oxide production. Pro-
inflammatory and proliferative effects of soluble uric acid have 

 

Men Women

R2=0.130 R2=0.219

beta P value beta P value

Age –0.008 * – –

BMI 0.053 ** 0.072 ***

SBP – – – –

DBP 0.014 * – –

Serum glucose –0.008 ** – –

Cholesterol 0.003 * – –

Triglyceride 0.002 *** 0.004 ***

Table 5. The major determinants of the level of serum uric acid by stepwise section procedure of multivariate linear regression models.

BMI – body mass index; SBP – systolic blood pressure; DBP – diastolic blood pressure; * means P<0.05; ** means P<0.01; 
*** means P<0.001.
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been described in VSMCs. In animal models of mild hyperuri-
cemia, hypertension developed in association with intrarenal 
vascular disease [31].

However, according many studies, the association between hy-
peruricemia and CVDs risk factors is conflicting and compli-
cated. Some studies [17,25] reported that SUA was not a tru-
ly independent risk factor for CVD, but was secondary to its 
association with the insulin resistance syndrome (IRS). Also, 
there is research [18] showing that after additional adjust-
ment for CVDs risk factors, uric acid level was no longer asso-
ciated with CHD, death from CVDs, or death from all causes. 

However, according to our results, after adjustment for other 
potential risk factors of CVD, there was still a strong and sig-
nificant connection between the level of SUA and obesity, as 
well as hyperlipidemia, in both men and women. Our results 
were similar to and consistent with some additional studies. In 
adolescents with new-onset essential hypertension, the prev-
alence of elevated SUA was more than 90%, and a prelimi-
nary clinical trial evidence suggested that agents that lower 
SUA may also lower BP [19]. For each increase of 1 mg/dL in 
uric acid level, the pooled multivariate risk ratio for CHD mor-
tality was 1.12 [13]. In untreated subjects with essential hy-
pertension, raised uric acid was a powerful risk marker for 

SUA BMI SBP DBP glucose CHOL TG

beta P value beta P value beta P value beta P value beta P value beta P value beta P value

Men

R2 R2=0.135 R2=0.286 R2=0.454 R2=0.44 R2=0.122 R2=0.165 R2=0.264

SUA – – 0.279 *** 0.751 0.106 0.336 0.238 –3.1 ** 2.438 * 10.358 ***

Age –0.01 ** –0.002 ** 0.281 *** –0.072 ** 0.26 ** 0.314 *** 0.296 0.191

BMI 0.049 ** – – 0.551 ** 0.617 *** 0.15 0.727 0.531 0.273 6.336 ***

SBP 0.007 0.106 0.028 ** – – 0.313 *** 0.229 *** –0.129 0.237 –0.158 0.572

DBP 0.008 0.238 0.083 0 0.834 0 – – –0.103 0.51 0.336 0.058 1.391 **

Serum 
glucose

–0.006 ** 0.002 0.727 0.048 * –0.008 0.51 – – 0.117 * 0.38 **

Cholesterol 0.004 * 0.004 0.273 –0.021 0.237 0.021 0.058 0.091 * – – 0.554 ***

Triglyceride 0.002 *** 0.008 *** –0.004 0.572 0.013 ** 0.045 ** 0.084 *** – –

Women

R2 R2=0.234 R2=0.421 R2=0.596 R2=0.51 R2=0.278 R2=0.304 R2=0.443

SUA – – 0.168 ** 0.623 0.201 0.417 0.269 0.775 0.99 2.055 0.077 3.708 **

Age 0.004 0.952 0.012 *** 0.043 *** 0.03 ** 0.055 ** 0.143 *** 0.271 0.712

BMI 0.021 ** – – 0.222 0.678 0.143 *** 0.274 0.461 0.732 0.416 1.32 **

SBP 0.006 0.201 0.017 0.678 – – 0.032 *** 0.073 *** 0.2 0.206 0.366 0.053

DBP 0.009 0.269 0.024 *** 0.073 *** – – 0.112 0.055 0.298 0.071 0.551 0.598

Serum 
glucose

0.005 0.99 0.013 0.461 0.048 *** 0.033 0.055 – – 0.162 0.766 0.292 **

Cholesterol 0.002 0.077 0.005 0.416 0.018 0.206 0.012 0.071 0.023 0.766 – – 0.106 ***

 Triglyceride 0.001 ** 0.003 ** 0.01 0.053 0.007 0.598 0.012 ** 0.032 *** – –

Table 6. �The relationship between serum uric acid concentration and each cardiovascular disease risk factor by adjusting for other 
potential confounding factors.

SUA – serum uric acid; BMI – body mass index; SBP – systolic blood pressure; DBP – diastolic blood pressure; Chol – cholesterol; 
TG – triglyceride; * means P<0.05; ** means P<0.01; *** means P<0.001.
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OR Age-adjusted OR Full-adjusted OR

OR 95% CI
P 

value
OR 95% CI

P 
value

OR 95% CI
P 

value

Men

	 Smoking status

		  Non-smoker

		  Current smoker 1.087 0.901 1.312 0.382 1.07 0.88 1.301 0.496 0.931 0.733 1.182 0.556

		  Former smoker 1.013 0.781 1.313 0.924 1.04 0.804 1.346 0.764 0.899 0.658 1.23 0.506

	 Alcohol consumption

		  Non-drinker

		  Current drinker 1.382 1.13 1.69 ** 1.38 1.121 1.7 ** 1.416 1.115 1.797 **

		  Former drinker 1.242 0.869 1.774 0.234 1.196 0.827 1.73 0.341 1.432 0.93 2.205 0.103

 Physical activities

  Light activity £2 times/week

  Mediate activity 3–5 times/week 0.901 0.726 1.118 0.344 0.877 0.698 1.101 0.259 0.733 0.557 0.963 *

  Heavy activity ³6 times/week 0.874 0.703 1.087 0.225 0.905 0.721 1.135 0.386 0.863 0.664 1.12 0.267

	 Body mass index

		  Normal state 18.5 kg/m2 £BMI £24.9 kg/m2

		  Underweight BMI £18.4 kg/m2 0.354 0.195 0.643 ** 0.352 0.178 0.698 ** 0.113 0.019 0.667 *

		  Overweight 25.0 kg/m2 £BMI £29.9 kg/m2 1.349 1.153 1.578 *** 1.389 1.179 1.638 *** 1.266 1.009 1.588 *

		  Obestiy BMI ³30.0 kg/m2 1.459 1.033 2.06 * 1.514 1.076 2.13 * 1.437 0.907 2.279 0.123

 Blood pressure

  Normal state BP <140/90 mm Hg

  Hypertension BP ³140/90 mm Hg 1.286 1.055 1.569 ** 1.508 1.209 1.881 *** 1.244 0.883 1.752 0.212

	 Serum glucose

		  Normal state FPG <110 mg/dL

		  IFG 110 mg/dL £FPG <126 mg/dL 1.249 0.985 1.583 0.067 1.308 1.034 1.655 * 1.004 0.711 1.418 0.981

		  DM FPG ³126 mg/dL 0.951 0.723 1.251 0.719 1.004 0.765 1.318 0.978 0.932 0.645 1.346 0.706

	 Cholesterol

		  Normal state Chol <200 mg/dL

		  Hyperlipidemia Chol ³200 mg/dL 1.263 1.081 1.476 ** 1.281 1.094 1.501 ** 1.07 0.862 1.328 0.541

	 Triglyceride

		  Normal state TG <150 mg/dL

		  Hyperlipidemia TG ³150 mg/dL 1.639 1.39 1.932 *** 1.67 1.409 1.98 *** 1.396 1.101 1.771 **

Table 7. The odds ratio for hyperuriceima according to different status of men and women.
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subsequent CVDs and all-cause mortality [21]. Also, some stud-
ies noted that hypertriglyceridemia was related to hyperuri-
cemia independent of obesity and central body fat distribu-
tion [16]. Children and young adults with hyperuricemia had 
significantly higher plasma glucose, insulin levels, cholesterol, 

triglyceride, very low-density lipoprotein cholesterol, low-den-
sity lipoprotein cholesterol, and total protein levels than sub-
jects without hyperuricemia; high-density lipoprotein cholester-
ol level was significantly lower in subjects with hyperuricemia 
than in those without it [14].

OR Age-adjusted OR Full-adjusted OR

OR 95% CI
P 

value
OR 95% CI

P 
value

OR 95% CI
P 

value

Women

	 Alcohol consumption

		  Non-drinker

		  Current drinker 0.868 0.637 1.185 0.373 1.016 0.73 1.413 0.927 0.917 0.622 1.353 0.662

		  Former drinker 1.739 0.531 5.699 0.361 1.699 0.538 5.363 0.366 0 0 .b 0.989

	 Physical activities

		  Light activity £2 times/week

		  Mediate activity 3–5 times/week 1.202 0.845 1.71 0.306 1.379 0.936 2.031 0.104 1.243 0.787 1.963 0.351

		  Heavy activity ³6 times/week 1.516 1.113 2.065 ** 1.33 0.957 1.85 0.089 1.397 0.955 2.042 0.085

	 Body mass index

		  Normal state 18.5 kg/m2 £BMI £24.9 kg/m2

		  Underweight BMI £18.4 kg/m2 0.786 0.461 1.342 0.378 0.938 0.561 1.57 0.809 1.038 0.577 1.867 0.901

		  Overweight 25.0 kg/m2 £BMI £29.9 kg/m2 1.842 1.399 2.424 *** 1.509 1.121 2.033 ** 1.225 0.805 1.863 0.344

		  Obestiy BMI ³30.0 kg/m2 2.588 1.443 4.642 ** 1.84 1.115 3.035 * 1.824 0.864 3.849 0.115

	 Blood pressure

		  Normal state BP <140/90 mm Hg

		  Hypertension BP ³140/90 mm Hg 0.527 0.349 0.798 ** 1.589 0.97 2.603 0.066 1.135 0.403 3.2 0.811

	 Serum glucose

		  Normal state FPG <110 mg/dL

		  IFG 110 mg/dL £FPG <126 mg/dL 1.624 1.086 2.426 * 1.235 0.787 1.938 0.359 0.942 0.47 1.89 0.867

		  DM FPG ³126 mg/dL 1.83 1.085 3.085 * 1.396 0.752 2.592 0.291 1.392 0.546 3.546 0.488

	 Cholesterol

		  Normal state Chol <200 mg/dL

		  Hyperlipidemia Chol ³200 mg/dL 1.91 1.485 2.458 *** 1.595 1.212 2.099 ** 1.466 0.993 2.164 0.054

	 Triglyceride

		  Normal state TG <150 mg/dL

		  Hyperlipidemia TG ³150 mg/dL 2.278 1.719 3.018 *** 1.849 1.356 2.523 *** 1.47 0.899 2.403 0.125

Table 7 continued. The odds ratio for hyperuriceima according to different status of men and women.

OR – odds ratio; CI – confidence interval; SUA – serum uric acid; BMI – body mass index; SBP – systolic blood pressure; DBP – diastolic 
blood pressure; DM – diabetes mellitus; FPG – fasting plasma glucose; IFG – impaired fasting glucose; Chol – cholesterol; 
TG – triglyceride; * means P<0.05; ** means P<0.01; *** means P<0.001.
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Besides the conflict on the relation itself, there were also de-
bates on different sex patterns of this relationship. According 
to Kim’s study [13], there was no significant association be-
tween hyperuricemia and CHD incidence/mortality in men, 
but an increased risk for CHD mortality was found in women. 
Culleton [18] reported that in men, after adjustment for age, 
elevated SUA level was not associated with increased risk for 
an adverse outcome. In women, after adjustment for age, uric 
acid level was predictive of CHD, and death from CVDs. Liese 
found [11] a strong positive association of elevated SUA with all-
cause mortality of CVDs in men. According to Wannamethee’s 
study [17], when the association between SUA and risk of CHD 
was examined by the presence and grade of pre-existing CHD, 
a positive association was seen only in men with previous def-
inite MI, even after full adjustment. Verdecchia [21] found that 
the relationship between uric acid and CVDs event rate was 
J-shaped in both sexes. According to our study results, the re-
lationship between SUA and CVDs risk factors exist in both 
sexes, but some details were different. In men, there were 
many related CVDs risk factors, while in women only BMI and 
triglyceride were related. In both sexes, obesity and hyperlip-
idemia showed the strongest association with hyperuricemia.

Considering all these differences in various studies, we sug-
gest there might be several explanations. First, the definition 
of hyperuricemia was not exactly the same among various 
studies. In some studies, the definition of hyperuricemia was 
described as SUA >7.7 mg/dL for men and SUA >6.6 mg/dL 
for women [33]. In other studies, including the present one, 
hyperuricemia was defined as SUA ³7.0 mg/dL for men and 
SUA ³6.0 mg/dL for women [28,29]. Actually, the definition 
of hyperuricemia is currently arbitrary and varies from 5.6 to 
7.7 mg/dL in men and from 4.7 to 7.0 mg/dL in women [13]. 
Second, the studied population was unique in each study. For 
example, black men might have lower SUA levels and a low-
er prevalence of hyperuricemia when compared with white 
men [25]. Third, since genes and environment can affect obe-
sity and cardiovascular diseases, diet, genetics, and environ-
mental factors of each population might explain the differenc-
es found in this association [34–36].

Our study has certain strengths. First, we studied the relation-
ship between hyperuricemia and CVDs risk factors in a Chinese 
population, which has rarely been studied. Second, we detect-
ed and calculated many CVDs risk factors, including: height, 

weight, and BMI, which reflect obesity; SBP and DBP, which 
reflect hypertension; the level of glucose, which reflects DM; 
and the level of cholesterol and triglyceride, which reflect CHD 
and MI. Third, to better study the relationship between SUA 
and each factor, we ran the adjustment to exclude the effect 
of other confounding factors. Fourth, we studied the relation-
ship in both sexes and compared the differences between 
men and women. However, our study also has some limita-
tions. First, it was a cross-sectional study without any longi-
tudinal observations. Second, the simple number of hyperuri-
cemic women was too small, which might make the results 
disputable when we divided women into 2 groups: hyperuri-
cemic and normouricemic. Third, the population in our study 
was only Chinese, which limits generalization of our results 
to other populations.

Conclusions

We found that elevated serum uric acid concentration was 
strongly associated with obesity and hyperlipidemia in both 
men and women, indicating that, among hyperuricemic pa-
tients, we should pay more attention to the possibility of car-
diovascular complications. These results might provide a novel 
target or a new treatment for cardiovascular diseases by low-
ering the level of serum uric acid.

Acknowledgment

The Chinese Hyperuricemia and Gout Database was provided 
by the Chinese National Scientific Data Sharing Platform for 
Population and Health.

Ethical standards

The data used in this study were based on Chinese 
Hyperuricemia and Gout Database, provided by the Chinese 
National Scientific Data Sharing Platform for Population and 
Health. Protocols used in this database were approved by 
the Ethics Committee of the Chinese National Scientific Data 
Sharing Platform for Population and Health.

Conflict of interest

The authors declare that they have no conflicts of interest.

References:

	 1.	Nalini N, Santiago JVA: 22 Potent Beneficial Effects of Vegetables and 
Fruits on Cardiovascular Diseases. Cardiovascular Diseases: Nutritional and 
Therapeutic Interventions, 2013; 421

	 2.	 WHO: Global atlas on cardiovascular disease prevention and control. Geneva, 
World Health Organization, 2011

	 3.	WHO: Global Health Observatory. World Health Organization, 2013

	 4.	Banerjee A: A review of family history of cardiovascular disease: risk fac-
tor and research tool. Int J Clin Pract, 2012; 66: 536–43

	 5.	Gomez-Puerta JA, Feldman CH, Alarcon GS et al: Racial and ethnic differenc-
es in mortality and cardiovascular events among patients with end-stage 
renal disease due to lupus nephritis. Arthritis Care Res (Hoboken), 2015 
[Epub ahead of print]

2716
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]  [Index Copernicus]

Su P. et al.: 
Relationship between hyperuricemia and cardiovascular disease risk factors…

© Med Sci Monit, 2015; 21: 2707-2717
CLINICAL RESEARCH

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License



	 6.	Quarells RC, Liu J, Davis SK: Social determinants of cardiovascular disease 
risk factor presence among rural and urban Black and White men. J Mens 
Health, 2012; 9: 120–26

	 7.	 Song YK, Lee KK, Kim HR, Koo JW: Job demand and cardiovascular disease 
risk factor in white-collar workers. Ind Health, 2010; 48: 12–17

	 8.	 Suls J, Bunde J: Anger, anxiety, and depression as risk factors for cardiovas-
cular disease: the problems and implications of overlapping affective dis-
positions. Psychol Bull, 2005; 131: 260–300

	 9.	 Starcevic JN, Petrovic D: Carotid intima media-thickness and genes involved 
in lipid metabolism in diabetic patients using statins – a pathway toward 
personalized medicine. Cardiovasc Hematol Agents Med Chem, 2013; 11: 
3–8

	10.	Gertler MM, Garn SM, Levine SA: Serum uric acid in relation to age and 
physique in health and in coronary heart disease. Ann Intern Med, 1951; 
34: 1421–31

	11.	 Liese AD, Hense HW, Löwel H et al: Association of serum uric acid with all-
cause and cardiovascular disease mortality and incident myocardial infarc-
tion in the MONICA Augsburg cohort. World Health Organization Monitoring 
Trends and Determinants in Cardiovascular Diseases. Epidemiology, 1999; 
10: 391–97

	12.	Alvarez-Lario B, Macarron-Vicente J: Is there anything good in uric acid? 
QJM, 2011; 104: 1015–24

	13.	Kim SY, Guevara JP, Kim KM et al: Hyperuricemia and coronary heart dis-
ease: a systematic review and meta-analysis. Arthritis Care Res (Hoboken), 
2010; 62: 170–80

	14.	Agamah ES, Srinivasan SR, Webber LS, Berenson GS: Serum uric acid and its 
relation to cardiovascular disease risk factors in children and young adults 
from a biracial community: the Bogalusa Heart Study. J Lab Clin Med, 1991; 
118: 241–49

	15.	 Lee J, Sparrow D, Vokonas PS et al: Uric acid and coronary heart disease 
risk: evidence for a role of uric acid in the obesity-insulin resistance syn-
drome. The Normative Aging Study. Am J Epidemiol, 1995; 142: 288–94

	16.	Bonora E, Targher G, Zenere MB et al: Relationship of uric acid concentra-
tion to cardiovascular risk factors in young men. Role of obesity and cen-
tral fat distribution. The Verona Young Men Atherosclerosis Risk Factors 
Study. Int J Obes Relat Metab Disord, 1996; 20: 975–80

	17.	Wannamethee SG, Shaper AG, Whincup PH: Serum urate and the risk of 
major coronary heart disease events. Heart, 1997; 78: 147–53

	18.	Culleton BF, Larson MG, Kannel WB, Levy D: Serum uric acid and risk for 
cardiovascular disease and death: the Framingham Heart Study. Ann Intern 
Med, 1999; 131: 7–13

	19.	 Feig DI, Mazzali M, Kang DH et al: Serum uric acid: a risk factor and a tar-
get for treatment? J Am Soc Nephrol, 2006; 17: S69–73

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

	21.	Verdecchia P, Schillaci G, Reboldi G et al: Relation between serum uric acid 
and risk of cardiovascular disease in essential hypertension. The PIUMA 
study. Hypertension, 2000; 36: 1072–78

	22.	Baker JF, Krishnan E, Chen L, Schumacher HR: Serum uric acid and cardio-
vascular disease: recent developments, and where do they leave us? Am J 
Med, 2005; 118: 816–26

	23.	Høieggen A, Alderman MH, Kjeldsen SE et al: The impact of serum uric acid 
on cardiovascular outcomes in the LIFE study. Kidney Int, 2004; 65: 1041–49

	24.	 Smit FE, Dohmen PM: Cardiovascular tissue engineering: where we come 
from and where are we now? Med Sci Monit Basic Res, 2015; 21: 1–3

	25.	Rathmann W, Funkhouser E, Dyer AR, Roseman JM: Relations of hyperuri-
cemia with the various components of the insulin resistance syndrome 
in young black and white adults: the CARDIA study. Coronary Artery Risk 
Development in Young Adults. Ann Epidemiol, 1998; 8: 250–61

	26.	Klein R, Klein BE, Cornoni JC et al: Serum uric acid. Its relationship to cor-
onary heart disease risk factors and cardiovascular disease, Evans County, 
Georgia. Arch Intern Med, 1973; 132: 401–10

	27.	Conen D, Wietlisbach V, Bovet P et al: Prevalence of hyperuricemia and re-
lation of serum uric acid with cardiovascular risk factors in a developing 
country. BMC Public Health, 2004; 4: 9

	28.	Kuo C-C, Weaver V, Fadrowski JJ et al: Arsenic exposure, hyperuricemia, and 
gout in US adults. Environ Int, 2015; 76: 32–40

	29.	 Yamamoto T: [Definition and classification of hyperuricemia]. Nihon Rinsho, 
2008; 66: 636–40 [in Japanese]

	30.	Ahmed AM, Elabid BEH, Elhassan KEH, Waggiallah HA: Metabolic syndrome 
among undergraduate students attending medical clinics for obligatory 
medical screening. Tropical Journal of Pharmaceutical Research, 2015; 14: 
317–21

	31.	Gijón-Conde T, Graciani A, López-García E et al: Impact of ambulatory blood 
pressure monitoring on control of untreated, undertreated, and resistant 
hypertension in older people in Spain. J Am Med Dir Assoc, 2015;16(8): 
668–73

	32.	 Strotmeyer ES: Diabetes and Aging, An Issue of Clinics in Geriatric Medicine. 
Elsevier Health Sciences, 2015; Vol. 31

	33.	Barge-Caballero G, Barge-Caballero E, Marzoa-Rivas R et al: Clinical evalua-
tion of rosuvastatin in heart transplant patients with hypercholesterolemia 
and therapeutic failure of other statin regimens: short-term and long-term 
efficacy and safety results. Transpl Int, 2015; 28(9): 1034–41

	34.	Nakamura H: [Association of hyperuricemia with hyperlipidemia and obe-
sity]. Nihon Rinsho, 1996; 54: 3289–92 [in Japanese]

	35.	 Peng TC, Wang CC, Kao TW et al: Relationship between hyperuricemia and 
lipid profiles in US Adults. Biomed Res Int, 2015; 2015: 127596

	36.	Kruzliak P, Haley AP, Starcevic JN et al: Polymorphisms of the peroxisome 
proliferator-activated receptor-gamma (rs1801282) and its coactivator-1 
(rs8192673) are associated with obesity indexes in subjects with type 2 
diabetes mellitus. Cardiovasc Diabetol, 2015; 14: 42

2717
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]  [Index Copernicus]

Su P. et al.: 
Relationship between hyperuricemia and cardiovascular disease risk factors…
© Med Sci Monit, 2015; 21: 2707-2717

CLINICAL RESEARCH

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License


