
Abstract

Serum uric acid (UA) has been shown to be a predictor of
cardiovascular (CV) morbidity and mortality, and it may play a role
in the pathogenesis of CV disease affecting vascular structure and
function. However, there is limited evidence of its specific
association with carotid artery stiffness and structure. The aim of
our study was to evaluate whether UA is associated with early signs
of atherosclerosis, namely local carotid arterial stiffness and intima-
media thickening. We evaluated 698 consecutive asymptomatic
patients, referred to the Cardiovascular Department for risk factors
evaluation and treatment. All patients underwent carotid artery
ultrasonography with measurement of common carotid intima-
media thickness (IMT) and echo-tracking carotid artery stiffness
index Beta.

Patients with hyperuricemia (defined as serum uric acid ≥7
mg/dL in men and ≥6 mg/dL in women) had higher IMT (0.97±0.22
vs 0.91±0.18, p<0.001) and stiffness index Beta (8.3±3.2 vs
7.5±2.7, p=0.005). UA levels correlated with both IMT (r=0.225;
p<0.001) and stiffness index Beta (r=0.154; p<0.001); the
correlations were statistically significant in males and females. In
a multivariate model which included age, arterial pressure, serum
glucose and LDL-cholesterol, serum UA emerged as an
independent explanatory variable of IMT and stiffness index Beta.
Carotid IMT and local arterial stiffness are related to UA
independently of established CV risk factors; UA may play a role
in the early development of atherosclerosis.

Introduction

Serum uric acid (UA) has been reported to be a risk factor for
kidney and cardiovascular diseases, including hypertension and
coronary artery disease [1-4]. It was shown that UA could
independently predict cardiovascular (CV) events [5-8]. However,
the effective role of UA in the pathogenesis of atherosclerosis is
unclear and still under debate. Some authors argue that the reported
excess of CV events in the hyperuricemic population could be the
result of factors that commonly accompany high UA levels, such
as hypertension, hyperinsulinemia, and reduced glomerular
filtration rate [9,10]. On the other hand, hyperuricemia has been
linked to the arterial damage and left ventricular hypertrophy [11],
which increase the risk of adverse CV outcomes.

Carotid artery intima-media thickness (IMT), measured by
ultrasound, is among the first arterial wall anomalies that characterise
the early phases of plaque formation. There is growing evidence that
carotid IMT is associated with CV risk factors and CV disease. IMT
is a strong predictor of CV events and is commonly endorsed for risk
stratification [12-17]. Other arterial wall anomalies that have been
extensively studied are the indices of arterial elasticity. Some studies
have reported a reduced arterial compliance in patients (pts) with CV
risk factors like hypertension, diabetes, and smoking [18,19].
Accordingly, several reports suggest that reduced arterial compliance
predicts mortality and adverse outcome [20-21]. Carotid remodelling
may be considered as an intermediate end-point to evaluate how
hyperuricemia may enhance CV risk. However, little information is
available on the role of UA on carotid artery structure and function
in term of local artery stiffness.
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In this study, we sought to evaluate the relationship between UA
and subclinical carotid damage assessed by IMT measurement and
an echo-tracking derived stiffness index, in a large cohort of 698
consecutive asymptomatic patients with CV risk factors.

Materials and Methods

Study population
A series of 698 consecutive asymptomatic patients were

enrolled for a comprehensive risk factors evaluation. The evaluation
consisted in recording a full medical history, physical examination,
laboratory testing, assessment of CV disease risk, and carotid
ultrasonography. Hypertension was defined as sustained elevation
of blood pressure (BP) ≥140 mmHg systolic and/or ≥90 mmHg
diastolic on at least 3 separate determinations obtained on different
days or use of antihypertensive medications. Type 2 diabetes
mellitus was defined as fasting serum glucose ≥126 mg/dl or use of
antidiabetic medications. Obesity was considered as BMI ≥30
kg/m2. Metabolic syndrome was defined according to the ATP III
criteria [22]. Serum UA was measured by the uricase/peroxidase
method. Hyperuricemia was defined as a serum UA ≥7 mg/dl in
men and ≥6 mg/dl in women. Patients treated with allopurinol or
febuxostat were excluded. All patients with a history of overt
coronary artery disease, heart failure, cardiomyopathies and more
than mild valvular disease were also excluded.

All patients signed informed consent for participation in this
research.

Carotid ultrasonography

Trained sonographers performed high-resolution B-mode
ultrasound imaging of the carotid arteries using a commercially

available ultrasound system (ALOKA Alpha 10 system, Hitachi
Medical Computer Systems Inc., Tokyo, Japan). Carotid arterial
stiffness was estimated with carotid Beta index, calculated using the
formula [23]: Beta index= ln(SBP/DBP)/(Ds x Dd/Dd), where SBP
and DBP are systolic and diastolic BP, respectively; Ds and Dd are
the systolic and diastolic diameters of the carotid artery.

These measurements were performed on the right common
carotid artery with a high-resolution echo-tracking system. Carotid
intima-media thickness (IMT) was measured in a longitudinal view,
at the level of the far wall of the right common carotid artery, at 1
cm from the carotid bifurcation, in a region free of plaque [24].

Statistical analysis

Continuous variables were presented as mean values and standard
deviations. Categorical variables are reported as frequencies and
group percentages. Differences between hyperuricemic and
normouricemic subjects were evaluated using the ANOVA test for
continuous data and χ2-test for categorical variables. Pearson’s
correlation analysis was used to assess the univariate correlations
between UA levels, arterial stiffness index Beta and IMT. Multivariate
linear regression analysis was carried out to evaluate the relationship
between UA, IMT and arterial stiffness index Beta, independently
from other CV risk factors. The level of statistical significance (p
value) was set at 0.05. Data analysis was performed using SPSS
version 19 (SPSS Inc., Chicago, IL, USA).

Results

A total of 698 subjects (age 57.3±13.7 years; 45.1% male;
19.5% with hyperuricemia) were included in the analysis. The main
characteristics of the study population are reported in Table 1.
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Table 1. Characteristics of the study population stratified by uric acid levels.

Characteristics                   Total population N=698          Non-hyperuricemic N=562           Hyperuricemic N=136                    p

Age (years)                                                     57.3±13.7                                                   57.1±14.0                                                  58.0±12.4                                     0.509
Male sex (%)                                                       45.1                                                             44.7                                                            47.1                                           0.341
Uric Acid (mg/dL)                                            5.3±1.3                                                       4.9±1.0                                                      7.2±0.8                                      <0.001
Index of stiffness Beta                                   7.7±2.8                                                       7.5±2.7                                                      8.3±3.2                                       0.005
Average IMT (mm)                                        0.92±0.19                                                   0.91±0.18                                                  0.97±0.22                                    <0.001
SBP (mmHg)                                                    146±18                                                       146±18                                                      148±19                                       0.203
DBP (mmHg)                                                     87±10                                                         87±10                                                        89±11                                        0.014
Total cholesterol (mg/dL)                             223±46                                                       222±45                                                      230±47                                       0.048
LDL (mg/dL)                                                     140±39                                                       139±39                                                      144±39                                       0.158
HDL (mg/dL)                                                     54±14                                                         54±14                                                        51±13                                        0.005
Triglyceride (mg/dL)                                       150±92                                                       142±82                                                     187±122                                     <0.001
Glucose (mg/dL)                                             110±30                                                       108±30                                                      118±31                                      <0.001
Active Smoking (%)                                            12.6                                                             13.7                                                             8.1                                            0.081
Hypertension (%)                                               76.6                                                             74.0                                                            87.4                                           0.001
Dyslipidemia (%)                                                66.3                                                             63.0                                                            80.1                                         <0.001
Diabetes mellitus (%)                                       16.3                                                             14.6                                                            23.1                                           0.014
Obesity (%)                                                         61.5                                                             58.5                                                            73.5                                           0.001
Values are expressed as average or as percentage. DBP, diastolic blood pressure; HDL, high density lipoprotein cholesterol; IMT, intima media thickness; LDL, low density lipoprotein cholesterol; SBP, systolic blood
pressure.
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In univariate analysis, UA showed a significant correlation with
the carotid stiffness index Beta (r=0.154; p<0.001) and with carotid
IMT (r=0.225; p<0.001). These correlations were statistically
significant both in men and women (Figures 1 and 2).

Linear regression analysis demonstrated that UA levels were
correlated with carotid IMT and stiffness index Beta independently
of other CV risk factors (Tables 2 and 3).

Discussion

The hyperuricemic patients showed significantly higher values
of stiffness index Beta and carotid IMT, indicating an early

structural and functional damage of the carotid arteries in these
patients.  Moreover, we observed a linear relationship between
serum UA and both IMT and carotid artery stiffness index Beta
independently of other established CV risk factors in men and
women. Carotid IMT and stiffness index Beta were best predicted
by age in our study analysis. The SBP was positively correlated with
carotid artery stiffness in women and IMT in men. The DBP was
negatively related to the carotid artery stiffness; this is probably due
to the fact that stiffness index Beta is calculated from pulse pressure
which, given a certain SBP, is higher for lower values of DBP. The
task of having a powerful marker of cardiovascular events in
primary prevention represents an unquestionable benefit, and
several studies have been already proposed with this aim [25,26].
The main limit of our study arises from the fact that the included
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Figure 1. Relationship between serum uric acid (mg/dL) and index of arterial stiffness Beta in males (r=0.116; p=0.039) and females
(r=0.190; p=<0,001).

Figure 2. Relationship between serum uric acid (mg/dL) and average intimal-medial thickness (IMT) in millimetres, in males (r=0.196;
p=<0.001) and females (r=0.163; p=0.001).
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patients had a high CV risk, so they might not be representative for
the general population. On the other hand, this could reinforce the
possible further discriminating role of UA in patients with multiple
CV risk factors. Furthermore, no complete data about concomitant
pharmacological treatments were available in our population; thus,
the possible drug influence both on IMT and carotid stiffness has
not been further investigated.

Several studies have failed to demonstrate an association
between UA, CV disease burden and mortality independently of
other established risk factors, like hypertension [11,27-29].
Furthermore, arterial hypertension has been defined according to
the values of 140/90 mmHg, despite recent studies [30]. Conversely,
other researchers succeeded in this task [5,6,31-34]. In particular,
Puddu et al. demonstrated that individuals with levels of serum UA
in the higher quintiles had a higher incidence of CV disease events
and higher CV and all-cause mortality [35]. A recent study showed
that CV risk linearly increases with higher levels of UA, stating that
it is difficult to identify a specific cut-off value that could distinguish
the presence or absence of CV risk [36]. Even normal UA levels
were associated with increased risk of CV events, beyond that
provided by traditional risk factors [36]. This ambiguous evidence
prompts the question whether UA should be considered a CV risk
factor per se or just an indicator of CV risk which correlates with
the presence of other established CV risk factors. Moreover, the
mechanism by which UA could cause CV disease is not clear.

With the aim of identifying an intermediate end-point that could
justify the exceeding CV risk in hyperuricemic patients, some
authors studied the association of UA with cardiac and vascular
remodelling. Iwasahima and colleagues prospectively followed 619
patients demonstrating that UA was independently associated with
increased left ventricular mass, proving an exceeding rate of CV
events in this population [29]. This study suggests that
hyperuricemia, by means of left ventricular hypertrophy, can be an

independent and powerful predictor of CV events [11]. Also, other
authors have proved the association between UA and left ventricular
mass in their studies [37,38]. Another group demonstrated a
relationship between UA and peripheral artery disease evaluated by
ankle-brachial index [39], whereas Kumral et al. found an
independent relationship between UA and carotid artery disease in
a population of patients with ischemic stroke [40].

Few groups had already explored the relationship between UA
and markers of vascular damage such as carotid IMT and arterial
stiffness. Viazzi and co-workers evaluated a cohort of 425 patients
with essential hypertension finding a significantly higher carotid
IMT and cardiac hypertrophy in hyperuricemic patients, even after
adjusting for body mass index, age, creatinine clearance and high-
density lipoprotein cholesterol [37]. Allopurinol treatment, which
reduces the formation of UA by inhibiting the xanthine oxidase
enzymatic system, was associated with lower IMT values in patients
with type 2 diabetes and asymptomatic hyperuricemia [41] and
lower CV events in hypertensive patients [42], but it cannot be
excluded that these effects might be secondary to UA-independent
effects of this drug. Other papers focused on the association between
UA and Pulse Wave Velocity (PWV) showing higher values of
arterial stiffness in the hyperuricemic population [38,43-47].

These findings were confirmed by a recent study that included
1680 health check participants followed for a mean period of 4.8
years showing that an increased baseline UA level is an independent
risk factor and predictor for peripheral arterial stiffness as assessed
by carotid-radial PWV measurements [48]. Another study found an
association between UA and PWV only in men [49]. Of note, the
work of Bae et al. reported the existence of a strict relationship
between UA and arterial stiffness, but without a correlation between
UA and IMT [50]. Conversely, Cicero et al. demonstrated a
relationship between uric acid and IMT, but failed to show a
relationship between UA and arterial stiffness in a multivariate
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Table 2. Regression analysis assessing the capacity of UA level to predict carotid stiffness.

                                       Males (N=ç15)                                                          Females (N=383)
                                 Standardized Regression Coefficient                     p                    Standardized Regression Coefficient       p

Uric acid                                                              0.171                                                           0.001                                                          0.120                                          0.002

Age                                                                        0.407                                                         <0.001                                                        0.361                                        <0.001
Glucose                                                                0.018                                                           0.727                                                          0.028                                          0.469
SBP                                                                        0.112                                                           0.085                                                          0.494                                        <0.001
DBP                                                                      -0.151                                                          0.020                                                         -0.301                                       <0.001
LDL                                                                       0.010                                                           0.848                                                          0.188                                          0.851
DBP, diastolic blood pressure; LDL, low density lipoprotein cholesterol; SBP, systolic blood pressure.

Table 3. Regression analysis assessing the capacity of UA level to predict IMT stratified by gender.

                                       Males (N=315)                                                          Females (N=383)
                                 Standardized Regression Coefficient                     p                    Standardized Regression Coefficient       p

Uric acid                                                              0.243                                                         <0.001                                                        0.090                                          0.030

Age                                                                        0.525                                                         <0.001                                                        0.577                                        <0.001
Glucose                                                                0.006                                                           0.899                                                          0.046                                          0.272
SBP                                                                        0.128                                                           0.029                                                          0.027                                          0.633
DBP                                                                      -0.003                                                          0.959                                                         -0.003                                         0.959
LDL                                                                       0.074                                                           0.121                                                          0.044                                          0.295
SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL, low density lipoprotein cholesterol.
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model [51]. Furthermore, UA emerged from the prospective study
CARDIA [52] as an early biomarker for subclinical atherosclerosis
in young adults, independent of BMI. This study demonstrated an
association between UA and Coronary Artery Calcium score. A
similar association was seen between UA and IMT, but only in men;
stiffness was not investigated [52]. Mulè et al. demonstrated that
mildly elevated UA levels were associated with higher aortic
stiffness, but this association lost statistical significance after
adjustment for age, blood pressure, metabolic syndrome, eGFR, and
albuminuria [53]. Therefore, data in the current literature are
inconclusive, leading to the statement that UA is a controversial CV
risk factor.

Using high-resolution ultrasonographic techniques, in a large
group of patients with high CV risk, our study highlights the
independent relationship between UA and early atherosclerotic
process, providing information both on IMT and local carotid
arterial stiffness. This might contribute to a better comprehension
of the pathophysiological mechanisms underlying the emerging
evidence of the correlation between serum UA and CV morbidity
and mortality.

References

1. Mellen PB, Bleyer AJ, Erlinger TP, et al. Serum uric acid
predicts incident hypertension in a biethnic cohort: the
atherosclerosis risk in communities study. Hypertension 2006;
48:1037-42.

2. Krishnan E, Kwoh CK, Schumacher HR, Kuller L.
Hyperuricemia and incidence of hypertension among men
without metabolic syndrome. Hypertension 2007;49:298-303.

3. Talaat KM, el-Sheikh AR. The effect of mild hyperuricemia on
urinary transforming growth factor beta and the progression of
chronic kidney disease. Am J Nephrol 2007;27:435-40.

4. Feig DI, Kang D-H, Johnson RJ. Uric acid and cardiovascular
risk. N Engl J Med 2008;359:1811-21.

5. Fang J, Alderman MH. Serum uric acid and cardiovascular
mortality the NHANES I epidemiologic follow-up study, 1971-
1992. National Health and Nutrition Examination Survey.
JAMA 2000;283:2404-10.

6. Alderman MH, Cohen H, Madhavan S, Kivlighn S. Serum uric
acid and cardiovascular events in successfully treated
hypertensive patients. Hypertension 1999;34:144-50.

7. Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report
of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure: the JNC 7
report. JAMA 2003;289:2560-72.

8. Levantesi G, Marfisi RM, Franzosi MG, et al. Uric acid: a
cardiovascular risk factor in patients with recent myocardial
infarction. Int J Cardiol 2013;167:262-269.

9. Cappuccio FP, Strazzullo P, Farinaro E, Trevisan M. Uric acid
metabolism and tubular sodium handling. Results from a
population-based study. JAMA 1993;270:354-9.

10. Messerli FH, Frohlich ED, Dreslinski GR, et al. Serum uric acid
in essential hypertension: an indicator of renal vascular
involvement. Ann Intern Med 1980;93:817-21.

11. Koren MJ, Devereux RB, Casale PN, et al. Relation of left
ventricular mass and geometry to morbidity and mortality in
uncomplicated essential hypertension. Ann Intern Med 1991;
114:345-52.

12. O’Leary DH, Polak JF, Kronmal RA, et al. Carotid-artery intima
and media thickness as a risk factor for myocardial infarction

and stroke in older adults. Cardiovascular Health Study
Collaborative Research Group. N Engl J Med 1999;340:14-22.

13. Chambless LE, Folsom AR, Sharrett AR, et al. Coronary heart
disease risk prediction in the Atherosclerosis Risk in
Communities (ARIC) study. J Clin Epidemiol 2003;56:880-90.

14. Prati P, Tosetto A, Vanuzzo D, et al. Carotid intima media
thickness and plaques can predict the occurrence of ischemic
cerebrovascular events. Stroke 2008;39:2470-6.

15. Bots ML, Hoes AW, Koudstaal PJ, et al. Common carotid
intima-media thickness and risk of stroke and myocardial
infarction: the Rotterdam Study. Circulation 1997;96: 1432-7.

16. Piepoli MF, Hoes AW, Agewall S, et al. 2016 European
Guidelines on cardiovascular disease prevention in clinical
practice: The Sixth Joint Task Force of the European Society of
Cardiology and Other Societies on Cardiovascular Disease
Prevention in Clinical Practice (constituted by representatives
of 10 societies and by invited experts) Developed with the
special contribution of the European Association for
Cardiovascular Prevention & Rehabilitation (EACPR). Eur
Heart J 2016;37:2315-21.

17. Goff DC, Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA
Guideline on the Assessment of Cardiovascular Risk.
Circulation 2014;129:S49-LP-S73.

18. Cohn JN. Arterial compliance to stratify cardiovascular risk:
more precision in therapeutic decision making. Am J Hypertens
2001;14:258S-63.

19. Glasser SP. On arterial physiology, pathophysiology of vascular
compliance, and cardiovascular disease. Heart Dis 2000;2:
375-9.

20. Mitchell GF, Hwang S-J, Vasan RS, et al. Arterial stiffness and
cardiovascular events: the Framingham Heart Study. Circulation
2010;121:505-11.

21. Vlachopoulos C, Aznaouridis K, Stefanadis C. Prediction of
cardiovascular events and all-cause mortality with arterial
stiffness: a systematic review and meta-analysis. J Am Coll
Cardiol 2010;55:1318-27.

22. Diniz M de FHS, Beleigoli AMR, Ribeiro ALP, et al. Factors
associated with metabolically healthy status in obesity,
overweight, and  normal weight at baseline of ELSA-Brasil.
Medicine (Baltimore) 2016;95:e4010.

23. O’Rourke MF, Staessen JA, Vlachopoulos C, et al. Clinical
applications of arterial stiffness; definitions and reference
values. Am J Hypertens 2002;15:426-44.

24. Touboul P-J, Hennerici MG, Meairs S, et al. Mannheim carotid
intima-media thickness and plaque consensus (2004-2006-
2011). An update on behalf of the advisory board of the 3rd, 4th
and 5th watching the risk symposia, at the 13th, 15th and 20th
European Stroke Conferences, Mannheim, Germany, 2004.
Cerebrovasc Dis 2012;34:290-6.

25. Mazzone C, Cioffi G, Di Nora C, et al. Prognostic role of
cardiac calcifications in primary prevention: A powerful marker
of adverse outcome highly dependent on underlying cardiac
rhythm. Int J Cardiol 2018;258:262-8.

26. Antonini-Canterin F, Di Nora C, Poli S, et al. Obesity, cardiac
remodeling, and metabolic profile: Validation of a new simple
index beyond body mass index. J Cardiovasc Echogr 2018;1:
18-25.

27. 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.

28. Moriarity JT, Folsom AR, Iribarren C, et al. Serum uric acid and
risk of coronary heart disease: Atherosclerosis Risk in
Communities (ARIC) Study. Ann Epidemiol 2000;10:136-43.

                          [Monaldi Archives for Chest Disease 2019; 89:1007]                                            [page 57]

                             Original Article

Non
-co

mmerc
ial

 us
e o

nly



[page 58]                                             [Monaldi Archives for Chest Disease 2019; 89:1007]                          

29. Iwashima Y, Horio T, Kamide K, et al. Uric acid, left ventricular
mass index, and risk of cardiovascular disease in essential
hypertension. Hypertension 2006;47:195-202.

30. Di Nora C, Cioffi G, Iorio A, et al. Systolic blood pressure target
in systemic arterial hypertension: Is lower ever better? Results
from a community-based Caucasian cohort. Eur J Intern Med
2018;48:57-63.

31. Bickel C, Rupprecht HJ, Blankenberg S, et al.  Serum uric acid
as an independent predictor of mortality in patients with
angiographically proven coronary artery disease. Am J Cardiol
2002;89:12-7.

32. Bos MJ, Koudstaal PJ, Hofman A, et al. Uric acid is a risk factor
for myocardial infarction and stroke: the Rotterdam study.
Stroke 2006;37:1503-7.

33. 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;36:1072-8.

34. Niskanen LK, Laaksonen DE, Nyyssonen K, et al. Uric acid
level as a risk factor for cardiovascular and all-cause mortality
in middle-aged men: a prospective cohort study. Arch Intern
Med 2004;164:1546-51.

35. Puddu PE, Bilancio G, Terradura Vagnarelli O, et al. Serum uric
acid and eGFR_CKDEPI differently predict long-term
cardiovascular events and all causes of deaths in a residential
cohort. Int J Cardiol 2014;171:361-7.

36. Perticone M, Tripepi G, Maio R, et al. Risk reclassification
ability of uric acid for cardiovascular outcomes in essential
hypertension. Int J Cardiol 2017;243 473-8.

37. Viazzi F, Parodi D, Leoncini G, et al. Serum uric acid and target
organ damage in primary hypertension. Hypertension 2005;
45:991-6.

38. Kuo CF, Yu KH, Luo SF, et al. Role of uric acid in the link
between arterial stiffness and cardiac hypertrophy: a cross-
sectional study. Rheumatology (Oxford) 2010;49:1189-96.

39. Li Y, Lu J, Wu X, Yang C. Serum uric acid concentration and
asymptomatic hyperuricemia with subclinical organ damage in
general population. Angiology 2014;65:634-40.

40. Kumral E, Karaman B, Orman M, Kabaroglu C. Association of
uric acid and carotid artery disease in patients with ischemic
stroke. Acta Neurol Scand 2014;130:11-7.

41. Liu P, Wang H, Zhang F, et al. The effects of allopurinol on the
carotid intima-media thickness in patients with type 2 diabetes
and asymptomatic hyperuricemia: A three-year randomized

parallel-controlled study. Intern Med 2015;54:2129-37.
42. MacIsaac RL, Salatzki J, Higgins P, et al. Allopurinol and

Cardiovascular Outcomes in Adults With Hypertension.
Hypertension 2016;67:535-LP-540.

43. Ishizaka N, Ishizaka Y, Toda E-I, et al. Higher serum uric acid
is associated with increased arterial stiffness in Japanese
individuals. Atherosclerosis 2007;192:131-7.

44. Gomez-Marcos MA, Recio-Rodriguez JI, Patino-Alonso MC,
et al. Relationship between uric acid and vascular structure and
function in hypertensive patients and sex-related differences.
Am J Hypertens 2013;26:599-607.

45. Liang J, Li Y, Zhou N, et al. Synergistic effects of serum uric
acid and cardiometabolic risk factors on early stage
atherosclerosis: the cardiometabolic risk in Chinese study. PLoS
One 2012;7:e51101.

46. Gur M, Sahin DY, Elbasan Z, et al. Uric acid and high sensitive
C-reactive protein are associated with subclinical thoracic aortic
atherosclerosis. J Cardiol 2013;61:144-8.

47. Hsu PF, Chuang SY, Cheng HM, et al. Associations of serum
uric acid levels with arterial wave reflections and central
systolic blood pressure. Int J Cardiol 2013;168:2057-63.

48. Ding X, Ye P, Wang X, et al. Peripheral arterial stiffness is
associated with higher baseline plasma uric acid: A prospective
cohort study. Saudi J Biol Sci 2017;24:574-81.

49. Canepa M, Viazzi F, Strait JB, et al. Longitudinal association
between serum uric acid and arterial stiffness: Results from the
Baltimore longitudinal study of aging. Hypertension 2017;69:
228-35.

50. Bae JS, Shin DH, Park PS, et al. The impact of serum uric acid
level on arterial stiffness and carotid atherosclerosis: the Korean
Multi-Rural Communities Cohort study. Atherosclerosis 2013;
231:145-51.

51. Cicero AFG, Salvi P, D’Addato S, et al. Association between
serum uric acid, hypertension, vascular stiffness and subclinical
atherosclerosis: data from the Brisighella Heart Study. J
Hypertens 2014;32:57-64.

52. Wang H, Jacobs DRJ, Gaffo AL, et al. Longitudinal association
between serum urate and subclinical atherosclerosis: the
Coronary Artery Risk Development in Young Adults (CARDIA)
study. J Intern Med 2013;274:594-609.

53. Mule G, Riccobene R, Castiglia A, et al. Relationships between
mild hyperuricaemia and aortic stiffness in untreated hypertensive
patients. Nutr Metab Cardiovasc Dis 2014;24:744-50.

                             Original Article

Non
-co

mmerc
ial

 us
e o

nly




