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Background and Objectives: Serum uric acid (sUA) level has been reported to be 
associated with arteriosclerotic cardiovascular risk, yet remains poorly defined in Chinese 
type 2 diabetes patients. The purpose of the current study was to evaluate gender differences 
in the association between sUA level and arteriosclerotic cardiovascular risk in Chinese type 
2 diabetes patients.
Methods: The cross-sectional study was conducted in six community health service 
centers in Shanghai, China from December 2014 to December 2016. A stratified ran-
dom sampling method was used to recruit participants. From a total of 3977 type 2 
diabetic patients, 2537 were included for the analysis of the association between sUA 
level and arteriosclerotic cardiovascular risk. Clinical and biochemical data were 
obtained from participants. Arteriosclerotic cardiovascular risk was evaluated by the 
ten-year risk profile for arteriosclerotic cardiovascular disease. The associations 
between sUA level and arteriosclerotic cardiovascular risk were assessed via multiple 
logistic regression.
Results: Of the 2537 participants, the average sUA level was 317±77umol/L in men 
and 294±73 umol/L in women, and 54.8% (1391/2537) of participants had high ten- 
year risk of arteriosclerotic cardiovascular disease (ASCVD), which was ≥20%. High 
ten-year risk of ASCVD odds ratio was increased by 1.596 (95% CI, 1.113–2.289, p for 
trend 0.004) comparing fourth to first quartiles of sUA in women. However, no 
significant association was found between sUA and high ten-year risk of ASCVD in 
men.
Conclusion: This community-based study indicated that sUA levels were independently 
associated with high ten-year risk of ASCVD in women with type 2 diabetes mellitus, but not 
in men.
Keywords: serum uric acid, ten-year risk, arteriosclerotic cardiovascular disease, type 2 
diabetes mellitus

Introduction
Among individuals with type 2 diabetes mellitus (T2DM), arteriosclerotic 
cardiovascular disease (ASCVD), defined as acute coronary syndromes 
(ACSs), a history of myocardial infarction (MI), stable or unstable angina, 
coronary or other arterial revascularization, stroke, transient ischemic attack, 
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or peripheral arterial disease, are the leading causes of 
morbidity and mortality worldwide.1–3 In the nation-
wide 3B STUDY conducted in China, 14.6% and 
10.1% of patients with T2DM had a history of cardio-
vascular disease (CVD) and cerebrovascular disease, 
respectively.4

Serum uric acid (sUA), the waste product of purine 
metabolism, has been reported as a mediator of patho-
logical processes, including inflammation and endothe-
lial dysfunction.5,6 Many studies indicated that 
hyperuricemia is associated with a number of diseases 
including hypertension, diabetes mellitus, dyslipidemia, 
obesity, metabolic syndrome, chronic kidney disease, 
and pulmonary function.7–10 Several studies have sug-
gested that hyperuricemia is a risk factor for ASCVD 
in the general population,11–13 but others have been 
unable to confirm such a relationship.14,15 

Furthermore, gender differences could be found in the 
relationship between sUA and ASCVD. In the 
Framingham Heart Study, levels of sUA were asso-
ciated with an increased risk of cardiovascular death 
in women but not in men, and the association disap-
peared after adjustment for well-known cardiovascular 
risk factors.16 Ndrepepa et al demonstrated that hyper-
uricemia could predict an increased cardiovascular risk 
of mortality in both genders, with a stronger associa-
tion in women.17 However, few studies have focused 
on the relationship between sUA and ASCVD in 
patients with T2DM.18

Therefore, the aim of the present study was to explore 
the association between sUA and ASCVD risk, especially 
the gender disparities between them, in a community- 
based population with T2DM in China.

Materials and Methods
The current study was cross-sectional and partly based 
on data from our previous studies.19 Briefly, a stratified 
random sampling procedure was conducted to recruit 
participants between December 2014 and 
December 2016. Three districts were purposefully 
selected from 16 districts of Shanghai. Next, we ran-
domly selected two community health centers (CHCs) 
from each district, with the inclusion of six CHCs in 
total. Finally, we randomly recruited participants who 
were ≥18 years of age, diagnosed with T2DM for ≥3 

months, included in the diabetes mellitus management 
system of China,20 and not pregnant from these six 
CHCs. Written informed consent was obtained from 
all the volunteers. The study protocol was approved 
by the Ethics Committee of Zhongshan Hospital of 
Fudan University (B2016-029) and conducted in accor-
dance with the Declaration of Helsinki.

Demographic Characteristics and Clinical 
Measurements
The demographic characteristics and clinical measure-
ments used in the present study have been previously 
described.19 Briefly, the demographic characteristics 
included age, gender, educational attainment, marital sta-
tus, smoking status, family history of diabetes, duration of 
diabetes, current medical treatment, history of hyperten-
sion, coronary heart disease (CHD) and stroke. The phy-
sical examinations included bodyweight, height, blood 
pressure (measured on the spot three times after resting 
for more than 10 minutes and then the average was taken) 
and non-mydriatic fundus photography. The laboratory 
measurements included fasting blood glucose (FBG), 
hemoglobin A1c (HbA1c), total cholesterol (TC), trigly-
ceride (TG), low-density lipoprotein cholesterol (LDL-C), 
high-density lipoprotein cholesterol (HDL-C), blood urea 
nitrogen (BUN), creatinine (CRE), sUA, urinary albumin 
creatinine ratio (UACR), and urine analysis. Venous blood 
samples were taken under a fasting overnight condition of 
participants in the morning. All blood and urine samples 
were analyzed in the local laboratories meeting national 
standards.

ASCVD Risk Evaluation
Patient’s 10-year ASCVD risk was estimated using the 
gender-specific parameters from the ACC/AHA Pooled 
Cohort equations,21 which was based on age, systolic 
blood pressure, treatment of hypertension, TC and HDL- 
C levels, current smoking, and history of diabetes mellitus. 
The patients who were over 79-years-old or less than 40- 
years-old, or had the history of CHD or stroke, or LDL-C 
>190 mg/dL (>4.9 mmol/L) were excluded according to 
the ACC/AHA guideline. High 10-year risk of ASCVD 
was defined as ASCVD risk score ≥20%.21
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Statistical Analysis
Statistical analysis was carried out using SPSS software, 
version 17.0 (SPSS Inc, Chicago USA), SAS software, 
version 9.2 (SAS Institute, Cary, NC).

Descriptive analyses were used to characterize the 
participant population by sociodemographic data, 
health status and clinical measurements. Categorical 
variables were presented as percentages. Continuous 
variables without normal distribution were presented 
as medians and those for normal distribution as 
means±standard deviations. Significant differences 
between the groups were calculated using Chi-square 
tests for the percentages and unpaired t-tests for the 
mean values. The parameters of sUA were divided into 
quartiles according to the linear scores. The associa-
tions between sUA level and ASCVD risk were 
assessed via multiple logistic regression. Multiple 
logistic regression models were fitted with ASCVD 
risk score ≥20% as dependent variables, and the quar-
tiles of sUA as independent variables. Adjustments 
were made for confounding factors, including educa-
tional attainment, marital status, family history of dia-
betes mellitus, duration of diabetes mellitus, current 
medical treatment, and BMI, HbA1c, eGFR. Odds 
ratios (ORs) and 95% confidence intervals (CIs) were 
calculated. A two-tailed alpha with p<0.05 was consid-
ered statistically significant for all analyses.

Results
Characteristics of Participants According 
to ASCVD Risk Score
From a total of 3977 participants, 2537 participants, 
including 1068 men and 1469 women, were included in 
the current analysis of the association between sUA level 
and 10-year ASCVD risk, in which average sUA level was 
317±77 umol/L in men and 294±73umol/L in women, and 
54.8% (1391/2537) of participants had high ten-year risk 
of ASCVD (Figure 1).

Significant differences were observed between the 
participants with or without high 10-year risk of 
ASCVD. A higher proportion of older participants, 
male, current smokers, single or divorced or wind-
owed, with higher educational attainment, longer dura-
tion of diabetes, without family history of diabetes 
mellitus, having comorbid hypertension, with higher 

systolic hypertension (SBP), HDL-C, BUN, CRE, 
sUA, abnormal UACR, and lower eGFR tended to 
have high 10-year risk of ASCVD (p<0.05) (Table 1).

Association Between sUA Level and High 
Ten-Year Risk of ASCVD in Different 
Genders
Gender differences were found in the association 
between sUA level and high ten-year risk of ASCVD 
(p for interaction 0.0048) (Figure 2). The female T2DM 
participants with higher sUA levels were more likely to 
have high ten-year risk of ASCVD. Comparing fourth to 
first quartiles of sUA in women, the OR for high ten- 
year risk of ASCVD was 1.596 (95% CI, 1.113–2.289, 
p for trend 0.004). However, no significant association 
was found between sUA and high ten-year risk of 
ASCVD in men (Table 2).

Discussion
In this study, sUA was independently associated with 
high ten-year risk of ASCVD in women with type 2 
diabetes mellitus but not in men. Notably, such asso-
ciations were independent of several confounding fac-
tors, such as educational attainment, marital status, 
family history of diabetes mellitus, duration of diabetes 
mellitus, current medical treatment, BMI, HbA1c and 
eGFR.

Previous studies on the associations of sUA with 
ASCVD have shown contradictory results. Silbernagel 
G et al had followed 3245 individuals referred for coron-
ary angiography for all-cause mortality, cardiovascular 
mortality, and sudden cardiac death with a mean duration 
of 7.3 years and found that high sUA independently indi-
cated increased risk for cardiovascular and sudden cardiac 
death in these subjects.22 In a prospective observational 
study that recruited 494 patients with diabetes mellitus and 
followed them for mean 12.8 months, sUA was confirmed 
as a predictor of cardiac events.23 In a review of 21 articles 
with data of 33,580 stroke and 1,100,888 participants, 
Tariq et al found that increasing sUA levels poses 
a higher risk for incidence of stroke.24 However, in a meta- 
analysis on sUA as a risk factor of all-cause mortality and 
cardiovascular events among type 2 diabetes mellitus 
population, sUA levels were found to be associated with 
a higher risk of all-cause mortality and stroke, but not with 
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CHD.25 Sotoda et al found that sUA levels are associated 
with the degree of leg ischemia in patients with peripheral 
arterial disease (PAD).26 However, the gender differences 
in the association between sUA and arteriosclerotic 

cardiovascular risk among type 2 diabetes mellitus patients 
have been rarely studied.

In the current study, the ten-year risk of ASCVD score 
was used, which was not a replacement for clinical 

Figure 1 Inclusion/exclusion criteria for the study participants for assessment of the association between sUA level and 10-year ASCVD risk.
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judgment, but a valid evaluation for the primary preven-
tion of ASCVD.21 Furthermore, we found that sUA was 
independently associated with high ten-year risk of 
ASCVD in women with type 2 diabetes mellitus but not 
in men. Higher level of sUA is a cause of endothelial 
dysfunction, therefore increasing the oxidative stress, 

which leads to a decrease in nitric oxide bioavailability 
and vascular smooth muscle cell proliferation.27 The vast 
majority of ASCVD are caused by atherosclerosis, and 
diabetes mellitus is known to accelerate this process.28 

However, the mechanism of interaction between sUA 
and ASCVD, and the role of diabetes mellitus in this 
relationship remain unknown.

This study had some limitations. Certain class of anti- 
diabetic drugs that has an impact on increasing sUA level 
was not examined, which may be a potential confounding 
factor. Furthermore, the study involved a cross-sectional 
design, and therefore, only association rather than causa-
tion could be evaluated. Longitudinal studies would be 
helpful to further understand the relationship between 
sUA and ASCVD among T2DM patients.

Conclusions
In summary, this community-based study indicated that sUA 
was independently associated with high ten-year risk of 
ASCVD in women with type 2 diabetes mellitus but not in 
men. More prospective research should be conducted to 
further elucidate the relationship between sUA levels and 
ASCVD since this association could have global clinical 
implications in the management of diabetes patients.

Figure 2 Gender differences in the association between sUA level and high ten- 
year risk of ASCVD.

Table 2 Association Between sUA Level and High Ten-Year Risk of ASCVD in Different Genders

Independent Variables Unadjusted OR (95% CI) Adjusted OR (95% CI)

sUA level of males

Quartile 1 (110–265umol/L) 1 1

Quartile 2 (266–314 umol/L) 0.995 (0.666–1.487) 0.991 (0.627–1.565)

Quartile 3 (315–362 umol/L) 1.010 (0.676–1.509) 0.987 (0.623–1.562)

Quartile 4 (363–662 umol/L) 1.038 (0.693–1.555) 0.911 (0.576–1.441)

p for trend 0.845 0.697

sUA level of females

Quartile 1 (98–242 umol/L) 1 1

Quartile 2 (243–290 umol/L) 1.185 (0.870–1.614) 1.056 (0.740–1.507)

Quartile 3 (291–335 umol/L) 1.565 (1.156–2.120) 1.377 (0.969–1.957)

Quartile 4 (335–624 umol/L) 2.055 (1.519–2.779) 1.596 (1.113–2.289)

p for trend <0.001 0.004

Notes: Dependent variable: high or not high ten-year risk of ASCVD. Adjusted factors: educational attainment, marital status, family history of diabetes mellitus, duration of 
diabetes mellitus, current medical treatment, BMI, HbA1c and eGFR.
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