MEDICAL
SCIENCE

¥

MONITOR

Received: 2015.07.25
Accepted: 2015.08.19
Published: 2015.09.12

Authors’ Contribution: ABCDEF 1
Study Design A DEF 2
Data Collection B

Statistical Analysis C DEF 3
Data Interpretation D DEF 4
Manuscript Preparation E DEF 5

Literature Search F
Funds Collection G

Corresponding Author:
Source of support:

CLINICAL RESEARCH

e-ISSN 1643-3750
© Med Sci Monit, 2015; 21: 2707-2717
DOI: 10.12659/MSM.895448

Relationship Between Hyperuricemia and
Cardiovascular Disease Risk Factors in a Chinese
Population: A Cross-Sectional Study

Pu Su 1 Research Center for Translational Medicine, East Hospital, Tongji University,
Liu Hong Shanghai, P.R. China
. 2 Department of Finance, Sam M. Walton College of Business, University of
Ylfan Zhao Arkansas, Fayetteville, AR, US.A.
Hang Sun 3 Department of Cardiology, Shanghai Tenth People’s Hospital, Tongji University,
Liang Li Shanghai, P.R. China
4 Department of Endocrinology, Shanghai Tenth People’s Hospital, Tongji University,
Shanghai, P.R. China
5 Department of Hematology, Tongji Hospital, Tongji University, Shanghai, P.R.
China

Pu Su, e-mail: supu728@126.com
Departmental sources

Background:

Material/Methods:

Results:

Conclusions:

MeSH Keywords:

Full-text PDF:

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

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

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.
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/m? 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/m? 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.

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
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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 >7.0 mg/dL for men and SUA >6.0 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/height? (kg/m?). Obesity was defined as BMI
>30.0 kg/m?, overweight was defined as 25.0 kg/m? <BMI
<29.9 kg/m?, normal was defined as 18.5 kg/m? <BMI <24.9
kg/m?, and underweight was defined as BMI <18.4 kg/m? [30].
Both SBP and DBP were measured to the nearest 1 mmHg.
Hypertension was defined as having blood pressure >140/90
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Table 1. The comparison of cardiovascular disease risk factors between men and women.

Number 599
sua mgdl s60 1
Age years 661 16
CHeigt om 17060 6
Weight  kgm* 7235 10
e mmHg 2483 3
s mmHg 12363 15
oep mmHg 7569 9
Serumglucose mg/dl 10244 26
Cholesterol mg/dl 18119 32
Trigyceride mg/dl 13955 85

288
120 420 108
v 488 1749 P-0175
605 15890 646
s6  s83% 881
310 232 344 e
"""""""""""" 1s76 1508
049 657 913
2 9704 1388
"""""""""""" 18447 3783 P-0211
"""""""""""" sl 7812 e

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.

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) >126 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 2150 mg/dL or total
cholesterol level >200 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

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

Number Percentage Number Percentage

Smoking status

Current smoker 116 32.13% 6 2.94%
 Nomsmoker 198 s485% 194 9500%
 fomersmoker 47 1300% 4 196%
CAcoholconsumption
""""""""""""""""""" Curentdrinker 217 e011% 48 235%
 Nondimke 117 341% 154 7549%
 fommerdrnke 27 748% 2 098%
CPhysicalactiviies
© lghtactivity  <2timesiweek 91  2535% 76  3725%
© Mediateactiity 3-5timesiweek 136 es% 40 240%
 Heawactvity >6timesiweek 132 7% 79 8T
CBodymassindex
""""""""""""""""""" Obesity ~  BMI>00kgm® 25 44g% 10 351%
""""""""""""""""""" Overweight 250 kg/m? <BMI<299 kg/m? 244 4373% 73 2561%
 Nomalstate  18Skg/misBMI249kgm' 279 5000% 184  64s6%
 Undeweight  BMI<iSakgm' 0 179% 18 632%
CBloodpresswre
 Hypertenson  BP>140/%0mmHg 80  1441% 19 671%
© Nomalstate  BP<140/0mmHg - 75 8s59% 264 9329% %
Csemmglucose
S m PG2126mg/dl a1 711% 11 383%
k6 llomgdisFRGa26mg/dl 52 901% 20 697%
 Nomalstate  FPGlOmgdL - 484 8388% 256  8920% P=0082
CCholesterol
© Wyperflipidemia Chol>200mgrdl 167 2899% 99 3449%
 Nomalsate  Chol200mg/dl - 409 7101% 188 6551% P=0.101
Cmglyeeide
 Wypefipidemia TGx150mgdl 187 w4 73 255%
 Nomalsate  TGsomgdl 8 675 213 74ds% ¢

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

Triglyceride 201.74

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.

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

Serum uric acid 1.000 1.000
""""" Age 0088 .~ o030 o=
""""" Height 0143 =~ o062  P=0301
""""" Weight 0276 = o347
""""" B 0244 e o385 om
""""" s o1l o 032 o
""""" pBP 0219 = 0203 =
""""" Serumglucose 0070  P=0092 0215 ==
""""" Cholesterol 0150 0295 o
""""" Triglyceride 028 ™ o043 =

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

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

Triglyceride

BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure; * means P<0.05; ** means P<0.01;

*** means P<0.001.

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

SUA - - 0279 ** 0751 0.106 0336 0238 -3.1 ** 2438 * 10358 **
- . 001 0002 ** 0281 ** 0072 ** 026 ** 0314 ** 029 0191
R i 0049 * -  — 0551 * 0617 *= 015 0727 0531 0273 6336 **
- sep 0007 0106 0028 * - - 0313 *= 0229 ** 0129 0237 -0.158 0572
R g 0008 0238 0083 O 0834 0 - - 0103 051 0336 0058 1391 **

Zﬁtg:e 0.006 ** 0002 0727 0048 * -0.008 051 - - 0117 * 038 **
R Cholesterol 0.004  * 0004 0273 —0021 0237 0021 0058 0091 * - - 0554 ==
””””””” Trigyceride 0002 *** 0008 ** -0004 0572 0013 * 0045 ** 0084 = - -
Wemm
””””””” R Re0234  R0421  R0596  R0S1  R-0278  R-0304  RI-0.443
R sun _ — 0168 " 0623 0201 0417 0269 0775 099 2055 0077 3708 **
- e 0004 0952 0012 ** 0043 *=* 003 * 0055 ** 0143 = 0271 0712
- Bl 0021 * - - 0222 0678 0143 ** 0274 0461 0732 0416 132 **
B sep 0006 0201 0017 0678 - - 0032 ** 0073 ** 02 0206 0366 0053
- psp 0009 0269 0024 ** 0073 ** - - 0112 0055 0298 0071 0551 0.598
R seum e

dlucose 0005 099 0013 0461 0048 0033 0055 - - 0162 0766 0292
- Cholesterol 0.002 0.077 0005 0416 0018 0206 0012 0071 0023 0766 - - 0106 **
””””””” Trigyceride 0001 ** 0003 * 001 0053 0007 0598 0012 ** 0032 - -

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.

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

Age-adjusted OR Full-adjusted OR

Hyperlipidemia TG 2150 mg/dL 1.639 139 1932 ** 167 1409 198 ** 1396 1.101 1.771 **
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Table 7 continued. The odds ratio for hyperuriceima according to different status of men and women.

Age-adjusted OR Full-adjusted OR

Hyperlipidemia TG 2150 mg/dL 2.278 1.719 3.018 *** 1.849 1.356 2.523 *** 1.47 0.899 2.403 0.125

OR - odds ratio; Cl — 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.

subsequent CVDs and all-cause mortality [21]. Also, some stud- triglyceride, very low-density lipoprotein cholesterol, low-den-
ies noted that hypertriglyceridemia was related to hyperuri- sity lipoprotein cholesterol, and total protein levels than sub-
cemia independent of obesity and central body fat distribu-  jects without hyperuricemia; high-density lipoprotein cholester-

tion [16]. Children and young adults with hyperuricemia had ol level was significantly lower in subjects with hyperuricemia
significantly higher plasma glucose, insulin levels, cholesterol, than in those without it [14].
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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 >7.0 mg/dL for men and
SUA >6.0 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,
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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.
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