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Objective: Serum uric acid (SUA) is associated with many
cardiovascular risk factors such as hypertension (HTN) and
metabolic syndrome (MetS). However, the association of
SUA with atherosclerosis remains controversial. Our aim
was to investigate the relationships of SUA with HTN,
MetS and atherosclerosis in Chinese inpatients with type 2
diabetes.

Methods: This cross-sectional study was performed with a
sample of 2388 hospitalized Chinese patients with type 2
diabetes. Both carotid and lower limb atherosclerotic
lesions were assessed for intima–media thickness, plaque
and stenosis by Doppler ultrasound. Atherosclerotic plaque
and stenosis were defined as the presence of either carotid
or lower limb plaques and stenoses, respectively.

Results: There were significant increases in the prevalence
of both HTN and MetS across the SUA quartiles (HTN:
43.4, 49.6, 56.1 and 66.3% for the first, second, third and
fourth quartiles, respectively, P<0.001; MetS: 59.9, 68.8,
74.7 and 84.9% for the first, second, third and fourth
quartiles, respectively, P<0.001). A fully adjusted multiple
logistic regression analysis revealed that SUA quartile was
independently associated with the presence of HTN
(P¼0.001) and MetS (P¼ 0.006). The prevalence of
atherosclerotic plaque and stenosis was obviously higher in
the patients with either HTN or MetS than in those
without HTN or MetS. However, there was no significant
association of SUA quartile with the presence of
atherosclerotic lesions.

Conclusions: SUA levels were closely associated with HTN
and MetS, but not with atherosclerosis in type 2 diabetes.
Our findings strongly suggest that, in select populations
such as those with type 2 diabetes, the role of uric acid in
atherosclerosis might be attributable to other
cardiovascular risk factors, such as HTN and MetS.

Keywords: atherosclerosis, hypertension, hyperuricemia,
metabolic syndrome, type 2 diabetes, uric acid

Abbreviations: 2h PPG, 2-h postprandial plasma glucose;
2h PCP, 2-h postprandial C-peptide; AHA, antihypertensive
agent; ALT, aspartate aminotransferase; CCEs, cardio-
cerebrovascular events; CIMT, carotid intima–media
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thickness; CRP, C-reactive protein; CVD, cardiovascular
disease; eGFR, estimated glomerular filtration rate; FCP,
fasting C-peptide; FIMT, femoral intima–media thickness;
FPG, fasting plasma glucose; HbA1c, glycosylated
hemoglobin; HDL-C, high-density lipoprotein cholesterol;
HTN, hypertension; JNC, Joint National Committee; LDL-C,
low-density lipoprotein cholesterol; LLD, lipid-lowering
drug; LSD, least significant difference; MDRD, Modification
of Diet in Renal Disease; MetS, metabolic syndrome; SUA,
serum uric acid; TC, total cholesterol; UAE, urinary albumin
excretion; WHR, waist-to-hip ratio
INTRODUCTION
T
he accumulated epidemiological and clinical evi-
dence suggests that serum uric acid (SUA) levels
are strongly associated with many cardiovascular

risk factors, such as age, male sex, obesity, diabetes melli-
tus, insulin resistance, hypertension (HTN) and metabolic
syndrome (MetS). Among these risk factors, the associations
of SUA with HTN and MetS have been clearly observed in a
number of studies in both general and type 2 diabetic
populations [1–5]. For example, the Osaka Health Survey
demonstrated that a 2.01-fold increase in the risk for HTN
over 10 years is associated with hyperuricemia in Japanese
men [1]. Moreover, increasing evidence has shown that SUA
is significantly associated with MetS independently of other
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risk factors in type 2 diabetes [4,5]. Furthermore, both HTN
and MetS are well established as important risk factors for
atherosclerosis and cardiovascular disease (CVD) in healthy
and unhealthy populations.

Hyperuricemia has also been reported to be a risk factor
for atherosclerosis and CVD [6,7]. However, contrary to the
definite associations of HTN and MetS with atherosclerosis
and CVD, substantial uncertainties regarding the import-
ance of SUA in the evaluations of the risks of atherosclerosis
and CVD remain. Due to the relationship of SUA with other
cardiovascular risk factors, including HTN and MetS, the
observed associations of increased SUA levels with athero-
sclerosis and CVD might not be casual; rather, these associ-
ations might be the consequences of confounding effects
[8]. For example, Iribarren et al. [9] demonstrated that the
association between uric acid and carotid atherosclerosis
did not remain significant when adjustments for concom-
itant risk factors for atherosclerosis were made. Moreover,
an anti-oxidant role of uric acid has been suggested based
on in-vivo experiments and is thought to be protective
against atherogenesis, but uric acid can also be a pro-
oxidant that could be harmful to arteries depending on
the chemical microenvironment [10]. Furthermore, in
people with type 2 diabetes, the roles of uric acid in
atherosclerosis and CVD might be affected by other inter-
active risk factors that are related to atherosclerosis and
CVD. Thus, the relationship between SUA and atheroscle-
rosis might vary across different populations, such as those
with type 2 diabetes.

Furthermore, although many previous studies have
investigated the associations of SUA with HTN, MetS and
atherosclerosis, few studies of Chinese patients with type 2
diabetes are currently available. Moreover, the data regard-
ing the relationship between SUA and lower limb athero-
sclerotic lesions in type 2 diabetes are not well established.

Therefore, the main aims of this study were to compre-
hensively examine the relationships of SUA with HTN, MetS
and atherosclerotic lesions in a hospital-based population
with type 2 diabetes in terms of carotid intima-media thick-
ness (CIMT), femoral IMT (FIMT), atherosclerotic plaque
and stenosis.

METHODS

Patients and study design
The current study was cross-sectional and based partly on
data from our previous studies [11–15]. In brief, between
January 2007 and June 2009, 3598 inpatients with type 2
diabetes in our department were consecutively observed.
The patients taking any drug that might interfere with uric
acid metabolism, such as allopurinol, losartan and furose-
mide, were excluded regardless of the duration they had
been taking the drug. The patients who did not undergo
carotid and lower limb ultrasound examination and without
complete clinical data were also excluded. In total, 2388
patients including 1327 men and 1061 women were
included in the final analyses.

All patients underwent an interview and provided a
history of HTN, cardio-cerebrovascular events (CCEs),
the use of lipid-lowering drugs (LLDs) and antihypertensive
agents (AHAs), alcohol consumption and smoking habits.
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CCEs, smoking status and alcohol use were defined accord-
ing to our previous criteria [11–13,15]. The study was
approved by the ethics committee of Shanghai Jiao Tong
University Affiliated Sixth People’s Hospital, and written
informed consent was obtained from all patients.

Physical examination and laboratory
measurements
The physical examinations and laboratory measurements
used in the present study have been described previously in
detail [11–15]. In brief, the physical examinations included
measurements of weight, height, waist circumference, hip
circumference and blood pressure. The BMI was calculated
as the weight divided by the height squared. The waist-to-
hip ratio (WHR) was calculated as the waist circumference
divided by the hip circumference. The laboratory measure-
ments included glycosylated hemoglobin A1C (HbA1c),
fasting plasma glucose (FPG), 2-h postprandial plasma
glucose (2h PPG), fasting C-peptide (FCP), 2-h postprandial
C-peptide (2h PCP), total triglycerides, total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), aspartate amino-
transferase (ALT), creatinine, SUA, and C-reactive protein
(CRP).

The 24-h urinary albumin excretion (UAE) was deter-
mined as the mean of the values obtained from three
separate, early-morning urine samples during the period
of hospitalization. The estimated glomerular filtration rate
(eGFR) was calculated using the simplified Modification of
Diet in Renal Disease (MDRD) formula: eGFR¼ 186.3�
(serum creatinine)�1.154� (age)�0.203� (0.742 if female).

Ultrasonography measurements
Both the carotid and lower limb arteries were subjected to
Doppler ultrasound examinations that include measure-
ments of IMT, atherosclerotic plaque and stenosis as
described in previous studies in detail [11–15]. The defi-
nitions of CIMT, FIMT, carotid and lower limb atheroscler-
otic plaques and stenosis had also been described in detail
in our previous studies [11–14,16]. In the present study,
atherosclerotic plaque and stenosis were defined as the
presence of either carotid or lower limb arterial athero-
sclerotic plaques and stenoses, respectively. The reprodu-
cibility of the measurements of carotid and lower limb
atherosclerotic lesions had also been reported in our
previous studies [12,14].
Definition of hyperuricemia and hypertension
and metabolic syndrome
Hyperuricemia was defined as a SUA level at least
420 mmol/l for men and at least 360 mmol/l for women.
According to our previous studies [11,12], HTN was defined
by current treatment for HTN, a SBP at least 140 mmHg or a
DBP at least 90 mmHg. According to the Seventh Joint
National Committee (JNC-7) criteria [17], normal blood
pressure was defined as a SBP below 120 mmHg and a
DBP below 80mmHg. Prehypertension was defined as a
SBP between 120 and 139 mmHg, or a DBP between 80 and
89mmHg. Stage 1 HTN was defined as a SBP between 140
and 159 mmHg or a DBP between 90 and 99mmHg, and
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stage 2 HTN was defined as a SBP at least 160mmHg or a
DBP at least 100 mmHg. Because all of the patients had type
2 diabetes based on the updated National Cholesterol
Education Program Adult Treatment Panel III criteria for
Asian-Americans [18], MetS was defined as the presence of
two or more of the following components: a waist circum-
ference at least 90 cm in men and at least 80 cm in women;
total triglycerides at least 1.7 mmol/l; HDL-C below
1.03 mmol/l in men and below 1.30 mmol/l in women;
and the presence of HTN.

Statistical analyses
The study data were analyzed using SPSS 15.0 for Windows
(Chicago, Illinois, USA). The data are expressed as mean �
SD percentages or medians (interquartile range 25–75%) in
the cases of skewed distributions. For continuous and nor-
mally distributed variables, one-way analysis of variances
(ANOVAs) with least significant difference (LSD) tests were
used to compare the data between the four groups. For data
that were not distributed normally, the Mann–Whitney U test
and the Kruskal–Wallis H test were used. The chi-square test
was used to compare the prevalence data. A univariate
regression model was used to compare the means of the
continuous variables and to examine the association of
SUA quartiles with the CIMT and FIMT while adjusting for
other factors. A binary logistic regression analysis was
performed to examine the associations of the SUA quartiles
with HTN, MetS, atherosclerotic plaque and stenosis. An
TABLE 1. Characteristics of the patients according to serum uric acid

Variables Q1 (n¼601) Q2 (n¼599)

SUA (mmol/l) �256 257–310

Age (years) 59.3�11.7 59.2�11.6

Male (n, %) 241(40.1%) 305 (50.9%)
�DD (months) 84 (12–144) 96 (30–144)

Smoking (n, %) 134 (22.3%) 176 (29.4%)

Alcohol (n, %) 62 (10.3%) 88 (14.7%)

Hypertension (n, %) 261 (43.4%) 297 (49.6%)

CCEs (n, %) 62 (10.3%) 87 (14.5%)

LLD (n, %) 142 (23.6%) 173 (28.9%)

AHAs (n, %) 231 (38.4%) 269 (44.9%)

SBP (mmHg) 131�17 131�17

DBP (mmHg) 79�10 79�9

BMI (kg/m2) 23.6�3.5 24.4�3.2

WHR 0.89�0.07 0.91�0.06
�FPG (mmol/l) 8.1 (6.3–10.4) 7.9 (6.2–9.7)
�2h PPG (mmol/l) 14.4 (10.6–17.5) 13.4 (9.9–16.8)

HbA1C (%) 9.8�2.5 9.2�2.4
�FCP (ng/ml) 1.28 (0.76–1.9) 1.5 (0.85–2.3)
�2h PCP (ng/ml) 2.69 (1.54–4.45) 3.33 (1.83–5.06)
�TTG (mmol/l) 1.2 (0.86–1.69) 1.34 (0.95–1.95)

TC (mmol/l) 4.69�1.14 4.69�1.18

HDL-C (mmol/l) 1.21�0.32 1.15�0.34

LDL-C (mmol/l) 3.11�0.96 3.09�1
�ALT (U/l) 17 (12–27) 19 (13–28)
�Cr (mmol/l) 57 (49–68) 64 (54–75)
�UAE (mg/24 h) 10.4 (6.4–22.6) 9.8 (6.2–21.1)
�eGFR (ml/min per 1.73 m2) 111 (94–133) 103 (88–121)
�CRP (mg/l) 0.95 (0.36–2.39) 1.07 (0.45–2.48)

Values are expressed as the mean� SD, or median with interquartile range, or percentages. AH
events; Cr, creatinine; CRP, C-reactive protein; DD, duration of diabetes; eGFR, estimated glome
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LLD, lipid-lowering drug; PCP
total cholesterol; TTG, total triglycerides; UAE, urinary albumin excretion; WHR, waist-to-hip rat
adjusted for sex for the trend. �P value: The �P values were adjusted for sex for the trend.
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ordinal logistic regression analysis was performed to inves-
tigate the associations of the SUA quartiles with the MetS
components and stages of HTN. In both all patients and the
patients without overt CVD, three models were constructed
to assess the associations of the SUA quartiles with HTN and
MetS by logistic regression:model 1 included adjustments for
age, sex, duration of diabetes, smoking status and alcohol
drinking; model 2 included additional adjustments for WHR,
BMI (HTN) and for SBP, DBP, WHR and BMI (MetS); and
model 3 included additional adjustments for laboratory
results, including ALT, TC, total triglycerides, LDL-C,
HDL-C, creatinine, eGFR, UAE, CRP, HbA1C, FCP, 2h PCP,
FPG and 2h PPG (HTN), and ALT, TC, LDL-C, creatinine,
eGFR, UAE, CRP, HbA1C, FCP, 2h PCP, FPG and 2h PPG
(MetS). P values less than 0.05 were considered to be
statistically significant.

RESULTS

Characteristics of the patients according to
serum uric acid quartiles
The demographic and clinical characteristics of the patients
grouped by SUA quartiles are illustrated in Table 1. There
were no significant age differences between the SUA quar-
tiles. The patients in the higher SUA quartiles were more
likely to be men and smokers. After controlling for sex, the
patients with diabetes in the higher SUA quartiles exhibited
higher prevalences of HTN and CCEs, higher SBP, DBP,
quartiles

Q3 (n¼592) Q4 (n¼596) P value �P value

311–373 >373 – –

59.5�12.3 59.4�12.9 0.984 0.302

366 (61.8%) 415 (69.6%) <0.001 <0.001

72 (24–144) 72 (24–132) 0.134 0.289

174 (29.4%) 199 (33.4%) <0.001 0.070

99 (16.7%) 118 (19.8%) <0.001 0.693

332 (56.1%) 395 (66.3%) <0.001 <0.001

84 (14.2%) 101 (16.9%) 0.011 0.005

188 (31.8%) 249 (41.8%) <0.001 <0.001

299 (50.5%) 368 (61.7) <0.001 <0.001

133�18 134�17 0.001 <0.001

81�10 81�10 <0.001 <0.001

25.2�3.3 26.3�3.3 <0.001 <0.001

0.92�0.06 0.93�0.06 <0.001 <0.001

7.5 (6–9.4) 7.5 (6.2–9.3) 0.002 0.005

13.1 (9.9–16.3) 13.3 (9.9–16.8) 0.021 0.118

8.9�2.3 8.6�2.2 <0.001 <0.001

1.79 (1.15–2.45) 2.11 (1.41–3.08) <0.001 <0.001

4.07 (2.38–5.58) 4.65 (2.95–5.77) <0.001 <0.001

1.46 (1.01–2.18) 1.94 (1.31–2.77) <0.001 <0.001

4.72�1.06 4.85�1.19 0.050 0.001

1.08�0.26 1.03�0.26 <0.001 <0.001

3.12�0.9 3.13�0.97 0.886 0.457

20 (14–31) 22 (15–35.8) <0.001 <0.001

70 (58–81) 78 (65–95) <0.001 <0.001

10.7 (6.4–27.4) 16.2 (7.3–70.8) <0.001 <0.001

97 (83–113) 89 (70–108) <0.001 <0.001

1.15 (0.48–2.74) 1.38 (0.63–3.49) <0.001 0.061

A, antihypertensive agent; ALT, aspartate aminotransferase; CCEs, cardio-cerebrovascular
rular filtration; FCP, fasting C-peptide; FPG, fasting plasma glucose; HDL-C, high-density

, postprandial C-peptide; PPG, postprandial plasma glucose; SUA, serum uric acid; TC,
io. �Non-normal distribution of continuous variables. P value: The P values were not
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BMI, WHR, FCP, 2h PCP, total triglycerides, TC, ALT,
creatinine, UAE and CRP, and lower FPG, HbA1C, HDL-C
and eGFR.

Comparison of hypertension between the
serum uric acid quartile groups
Figure 1 displays the comparison of HTN between the SUA
quartile groups with type 2 diabetes after adjusting for age,
sex, duration of diabetes, alcohol drinking and smoking.
The prevalence of HTN significantly increased with the
increasing SUA quartile in the type 2 diabetes patients
(43.4, 49.6, 56.1 and 66.3% for the first, second, third and
fourth quartiles, respectively; P< 0.001) (Fig. 1a). More-
over, the SUA levels were lower in the patients with normal
blood pressures compared to the patients with prehyper-
tension, stage 1 and stage 2 HTN (288� 81, 306� 85,
331� 90 and 337� 96 mmol/l for the patients with normal
blood pressures, prehypertension, stage 1 and stage 2 HTN,
respectively), but no significant difference was present after
controlling for age, sex, duration of diabetes, alcohol drink-
ing and smoking (P¼ 0.211) (Fig. 1b). Interestingly, there
was a marked increase in the percentages of the patients
with stage 2 HTN across the SUA quartiles and a significant
decrease in the percentages of the patients with prehyper-
tension across the SUA quartiles (P< 0.001) (Fig. 1c).

Comparison of metabolic syndrome between
the serum uric acid quartile groups
Figure 2 shows the comparison of MetS across the SUA
quartile groups with type 2 diabetes after adjusting for age,
sex, duration of diabetes, alcohol drinking and smoking.
Similar to HTN, the SUA quartiles were significantly
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correlated with the prevalence of MetS (59.9, 68.8, 74.7
and 85.1% for the first, second, third and fourth quartiles,
respectively; P< 0.001) in the patients with type 2 diabetes
(Fig. 2a). Remarkably, the SUA levels increased gradually
with increasing numbers of MetS components (276� 73,
293� 81, 312� 83, 334� 94, and 358� 94 mmol/l, respec-
tively; P< 0.001) (Fig. 2b). Interestingly, the people with
diabetes in the higher SUA quartiles were more likely to
exhibit four or five MetS components and less likely to
exhibit one, two or three MetS components (P< 0.001)
(Fig. 2c).

Comparison of the atherosclerotic lesions of
the serum uric acid quartile groups
The comparison of the atherosclerotic lesions, including
CIMT, FIMT, atherosclerotic plaque and stenosis, between
the SUA quartile groups after adjusting for age, sex,
duration of diabetes, alcohol drinking and smoking is
shown in Fig. 3. There were no significant differences in
the CIMT or FIMT values or the prevalence of atheroscler-
otic plaques and stenosis across the four groups (Fig. 3a–d).

Associations of the serum uric acid quartiles
with hypertension and metabolic syndrome
Table 2 presents the associations of the SUA quartiles with
HTN and MetS in all patients with type 2 diabetes. After
controlling for multiple confounding factors, SUA quartiles
were independently associated with increased prevalences
of HTN and MetS in the patients with type 2 diabetes. The
odds ratios (ORs) for HTN increased with increasing SUA
quartiles (P< 0.001 in models 1 and 2, and P¼ 0.001 in
model 3). In the highest SUA quartile, the OR was 1.82 [95%
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TABLE 2. Association of serum uric acid quartiles with hypertension and metabolic syndrome

ORs (95% CI)

P values for trendQ1 Q2 Q3 Q4

Hypertension
Model 1� 1 1.35 (1.06–1.72) 1.90 (1.49–2.43) 3.13 (2.42–4.04) <0.001

Model 2� 1 1.20 (0.93–1.55) 1.56 (1.20–2.03) 2.11 (1.60–2.78) <0.001

Model 3� 1 1.12 (0.85–1.49) 1.43 (1.07–1.9) 1.82 (1.35–2.47) 0.001

Metabolic syndrome
Model 1# 1 1.70 (1.31–2.2) 2.80 (2.13–3.69) 6.30 (4.59–8.64) <0.001

Model 2# 1 1.41 (1.03–1.94) 1.80 (1.28–2.52) 2.60 (1.79–3.77) <0.001

Model 3# 1 1.31 (0.92–1.87) 1.71 (1.17–2.51) 1.99 (1.30–3.03) 0.006

Model 1� adjusted for age, sex, duration of diabetes, smoking and alcohol drinking. Model 2� further adjusted for WHR and BMI. Model 3� further adjusted for ALT, TC, TTG, LDL-C,
HDL-C, Cr, eGFR, UAE, CRP, HbA1c, FCP, 2h PCP, FPG, 2h PPG. Model 1# adjusted for age, sex, duration of diabetes, smoking and alcohol drinking. Model 2# further adjusted for SBP,
DBP, WHR and BMI. Model 3# further adjusted for ALT, TC, LDL-C, Cr, eGFR, UAE, CRP, HbA1c, FCP, 2h PCP, FPG, 2h PPG. 2h PPG, 2-h postprandial plasma glucose; 2h PCP, 2-h
postprandial C-peptide; ALT, aspartate aminotransferase; CI, confidence interval; Cr, creatinine; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; FCP, fasting C-
peptide; FPG, fasting plasma glucose; HbA1c, glycosylated haemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio; SUA,
serum uric acid; TC, total cholesterol; TTG, total triglyceride; UAE, urinary albumin excretion; WHR, waist-to-hip ratio.
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confidence interval (CI) 1.35–2.47] for HTN after control-
ling for multiple confounding factors (model 3). Similarly,
the ORs for MetS were also higher in the higher SUA
quartiles (P< 0.001 in models 1 and 2, and P¼ 0.006 in
model 3). In the highest SUA quartile, the OR was 1.99 (95%
CI 1.30–3.03) for MetS (model 3).

Similarly, in the patients without overt CVD, after con-
trolling for multiple confounding factors, SUA quartiles
were still independently associated with increased preva-
lences of HTN and MetS (Table S1, http://links.lww.com/
HJH/A425). In the highest SUA quartile, the OR was 1.75
(95% CI 1.27–2.40) for HTN after controlling for multiple
confounding factors (model 3). In the highest SUA quartile,
the OR was 1.78 (95% CI 1.14–2.79) for MetS (model 3).

Comparisons of atherosclerotic lesions between
the patients with and without HTN, metabolic
syndrome and hyperuricemia
The comparisons of atherosclerotic lesions between the
patients with and without HTN or MetS or hyperuricemia
are demonstrated in Fig. 4. After adjusting for age, sex,
duration of diabetes, alcohol drinking and smoking, the
prevalence of atherosclerotic plaque and stenosis in the
patients with HTN was significantly higher than that of
the patients without HTN (P¼ 0.016 for plaque, and
P< 0.001 for stenosis) (Fig. 4a). Similarly, the prevalence
of atherosclerotic stenosis in the patients with MetS was also
markedly higher than that of the patients without MetS
(P¼ 0.024) (Fig. 4c). Neither the CIMT nor the FIMT values
were markedly different between the patients with and
without either HTN or MetS (Fig. 4b and d). However,
there was no significant difference in atherosclerotic lesions
between the patients with and without hyperuricemia
(Fig. 4e and f).

DISCUSSION
In the past decades, multiple clinical and epidemiological
studies have repeatedly demonstrated the clear and strong
links between SUA, HTN and MetS. In contrast, the results
regarding the associations of SUA with atherosclerosis and
CVD from different studies have been conflicting. There-
fore, the independence of the associations of hyperurice-
mia with atherosclerosis and CVD has remained
Journal of Hypertension
controversial. For example, several investigators have
reported that elevated SUA levels are independent predic-
tors of atherosclerosis, CVD and mortality in different
populations [7,19–21]. However, other researchers have
failed to confirm such links in several epidemiological
studies and argued that these associations are not causal,
but epiphenomenal, and result from a coexistence with
other cardiovascular risk factors, such as obesity, MetS and
chronic kidney disease [22–25].

Therefore, we performed a hospital-based cross-
sectional study of the associations of SUA with HTN, MetS
and atherosclerotic lesions in type 2 diabetes. In the
previous studies, we found that carotid atherosclerosis
underestimates generalized atherosclerosis, and that com-
bining carotid and lower limb ultrasound examinations can
improve the detection of atherosclerotic lesions in patients
with type 2 diabetes [11,14]. Therefore, in the present study,
we not only used carotid atherosclerotic lesions but also
examined lower limb atherosclerotic lesions as indicators
of atherosclerosis.

We observed strong associations of SUA levels with the
presence of HTN and MetS, but not with the presence of
atherosclerotic lesions, in type 2 diabetes. These associ-
ations were independent of other atherosclerotic risk fac-
tors, such as age, BMI and eGFR. Even in the patients
without overt CVD, the associations of SUA levels with
the presence of HTN and MetS were still relatively inde-
pendent. Our findings demonstrate the independent path-
ogenetic role of uric acid in HTN. Indeed, even in the
multiple regression analysis, the SUA levels were closely
correlated with the presence of HTN. Interestingly, we also
found that there was a significant increase in the prevalence
of stage 2 HTN, but a marked decrease in the prevalence of
prehypertension across the SUA quartiles; these findings
indicate that SUA levels might also be related to the severity
of HTN. Many investigators have confirmed that SUA levels
are independently associated with the presence of HTN
[1,2,26]. A recent meta-analysis also showed that hyper-
uricemia predicts the development of HTN independent of
classic HTN risk factors [27]. Our results accord with the
findings of these studies. Furthermore, experimental
studies have also supported the potential roles of uric acid
in the pathogenesis of HTN [28]. Moreover, in both animal
and human studies, researchers have demonstrated that
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FIGURE 4 (a, b) Comparison of atherosclerotic lesions between the patients with and without HTN after adjusting for other confounding factors. (c, d) Comparison of
atherosclerotic lesions between the patients with and without MetS after controlling for other confounding factors. (e, f) Comparison of atherosclerotic lesions between
the patients with and without hyperuricemia (HU) after adjusting for other confounding factors.
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allopurinol treatment can result in decreases in blood pres-
sure [28–30]. The mechanism by which uric acid causes HTN
might involve the inhibition of the release of endothelial
nitric oxide and the activation of the vascular rennin–angio-
tensin system, which lead to renal vasoconstriction and
elevated blood pressure [26].

Consistent with the previous studies [3–5,31], we also
found a strong relationship between SUA levels and
MetS, and we observed a substantially elevated risk of MetS
in the higher SUA quartiles compared to the lower SUA
quartiles. Additionally, we also found that SUA levels
steadily increased with the number of MetS components
(P< 0.001). Moreover, the patients in the higher SUA quar-
tiles had greater numbers of MetS components than did the
patients in the lower SUA quartiles. Although the precise
mechanisms underlying the association between SUA and
MetS remain still largely unknown, hyperuricemia may be
partially responsible for inflammatory imbalances in adi-
pose tissues that lead to low-grade inflammation and insu-
lin resistance [32]. In contrast, reduced uric acid can
488 www.jhypertension.com
decrease macrophage infiltration and improve inflamma-
tory imbalances in the adipose tissues of obese mice and
can also reduce insulin resistance. Consistent with this
view, we also observed that CRP levels gradually increased
with SUA quartiles in the present study (P¼ 0.061), which
indicates that uric acid may modulate chronic inflammatory
processes in type 2 diabetes. Given that low-grade inflam-
mation and insulin resistance are two important risks factors
for MetS, uric acid may play a key role in the pathogenesis
of MetS that is partially mediated by an inflammatory path-
way. Additionally, Nakagawa et al. [33] reported that uric
acid might play a causal pathogenetic role in the cause of
MetS that could possibly be mediated by the inhibition of
endothelial function.

The absence of a relationship between SUA and athero-
sclerotic lesions in our study population should be
addressed. Although many studies have suggested that
hyperuricemia is an independent risk factor for atheroscle-
rosis and CVD [5–7,34], some trials have reported that uric
acid is not an independent risk factor for atherosclerosis
Volume 33 � Number 3 � March 2015
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and CVD [9,24,35]. For example, in the Atherosclerosis Risk
in Communities (ARIC) study, the investigators showed that
the association between SUA and CIMT was statistically
significant in women and white men, but not in black men
[9]. However, this association was no longer statistically
significant after further adjustments for known risk factors
for atherosclerotic disease [9]. Thus, these authors con-
cluded that SUA itself may not be a risk factor for carotid
atherosclerosis and that the association between SUA and
CIMT is not truly independent [9]. In a recent study, SUA
appeared to be significantly correlated with carotid IMT,
but not with the prevalence of carotid plaques or aortic
stiffness [26]. Similar to the above studies, we failed to
observe an independent association between SUA and
atherosclerotic lesions in type 2 diabetes in the present
study. Furthermore, the meta-analyses of the association
between uric acid and CVD remain controversial and
include both positive and negative reports [36,37].

Another interesting finding of the present study is that
only HTN and MetS, and not hyperuricemia, were positively
associated with atherosclerotic lesions in type 2 diabetes.
The people with diabetes with either HTN or MetS exhib-
ited higher prevalences of atherosclerotic plaque and
stenosis compared to those without either HTN or MetS.
Interestingly, there was no significant difference in athero-
sclerotic lesions between the diabetes patients with and
without hyperuricemia. Therefore, uric acid may play an
indirect role in the pathogenesis of atherosclerosis and CVD
via other cardiovascular risk factors, such as HTN and MetS.

The disparities in the associations between SUA and
atherosclerosis reported by different studies, including
our own, are conceivable and might be partly due to the
following reasons. First, uric acid not only has several anti-
oxidant properties, including the clearance of oxygen
radicals and the chelation of metals, but also has pro-
oxidant features, such as reducing of nitric oxide bioavail-
ability and increasing reactive oxygen species production;
the pro- or anti-oxidant features of uric acid depend on its
chemical microenvironment [10]. Thus, uric acid can have
different roles in atherosclerosis depending on the chemical
microenvironment. Therefore, uric acid may be differen-
tially associated with different atherosclerotic lesions and
metabolic patterns in different populations. Additionally,
the methodological and analytical differences and the
different characteristics of study populations might have
resulted in the discrepancies. For example, many studies
only investigated carotid atherosclerosis, but we examined
both the carotid and lower limb arteries with ultrasonog-
raphy. Furthermore, in our study of hospitalized patients
with type 2 diabetes, the patients presented in more severe
conditions as indicated by the high prevalence of athero-
sclerotic plaque and stenosis. This difference might partially
explain the absence of an association between SUA and
atherosclerotic lesions, which became nonsignificant after
adjusting only for age and sex. Therefore, it is possible that
SUA is an independent risk factor for atherosclerosis only in
selected populations, such as those without MetS [34].

There are several limitations of this study. Because the
participants were Chinese patients with type 2 diabetes, the
results may not be generalizable to other ethnic groups and
other populations. Moreover, many cardiovascular risk
Journal of Hypertension
factors, such as obesity and hyperlipemia, can accumulate
in patients with type 2 diabetes and might affect the role of
SUA in the incidence of atherosclerosis and CVD. There-
fore, the present results might not be representative of the
general population. The other limitation is that type 2
diabetes is an accumulation of metabolic disorders, such
as obesity and dyslipidemia; thus, it is somewhat artificial to
examine the MetS and components of the MetS. Finally, the
cross-sectional nature of the study precluded analysis of the
cause–effect relationships. The mechanisms underlying
these associations remain to be explored. Prospective
studies are needed to determine the relationships of SUA
with HTN, MetS and atherosclerosis.

In conclusion, the findings of this study strongly suggest
that uric acid has independent effects on the development
of HTN and MetS, but is not an independent risk factor for
atherosclerosis in Chinese hospitalized patients with type 2
diabetes. In contrast to hyperuricemia, both HTN and MetS
are closely correlated with atherosclerotic lesions in type 2
diabetes. In selected populations, such as those with type 2
diabetes, the association between SUA and atherosclerosis
might be attributable to other cardiovascular risk factors,
such as HTN and MetS. Prospective studies are required to
clarify the causal associations of SUA with HTN, MetS and
atherosclerosis in type 2 diabetes.
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Reviewers’ Summary Evaluations

Reviewer 1
The major strength of the paper is the size of the population
and the nature of the primary objective, which attempts to
correlate serum uric acid with atherosclerotic disease. The
cross-sectional nature of the study design is the most
obvious limitation as well as focusing on a specific popu-
lation of patients, which greatly reduces the generalizability
of the findings.
Reviewer 2
In this paper Lian-Xi Li and colleagues studied the associ-
ation between uric acid levels and cardiovascular risk
factors in a selected cohort of hospitalised patients with
diabetes. The main strength of the paper is the detailed
characterisation of vascular phenotypes in these patients.
Therefore the authors can draw conclusions on the relation-
ship between uric acid and atherosclerosis. The cross-
sectional nature of the present work is, however, its main
weakness, and direct effects of uric acid or enzymes
involved in uric acid synthesis on atherosclerosis cannot
be firmly excluded from these data.
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