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1. Introduction

A number of epidemiological studies have suggested that serum uric

acid (SUA) is an important risk factor for cardiovascular (CV) disease

(1-6). It is well-known that increased levels of SUA are closely linked

to metabolic disorders, including obesity, hyperlipidemia, and hypertension

(7,8). However, the impact of SUA levels on CV disease has been

suspected to be epiphenomenal due to this relationship (9).

Brachial-ankle pulse wave velocity (baPWV) has been considered a

reproducible index of arterial elasticity and stiffness in clinical practice.

Additionally, the measurement of carotid intima-medial thickness (IMT)

and plaque of the carotid artery using high-resolution ultrasound is a

useful method for evaluating subclinical atherosclerosis in the general

population. The increased baPWV and carotid IMT, and high amounts of

carotid plaque are important predictive markers for an increased risk of

adverse CV events (10,11). The purpose of present study was to

evaluate the relation of SUA levels to baPWV, carotid IMT, and carotid

plaque in a 2560 relatively healthy subjects who participated in baseline

health examinations for a community-based cohort study.



- 2 -

2. Materials and Methods

2.1. Subjects:

This prospective cross-sectional cohort study analyzed the data of

2560 adults who participated in health examinations in the Seoul area

between April 2010 and November 2012. This study excluded subjects

with a clinical history of CV and cerebrovascular disease, neurological

abnormalities, or malignancies. The study protocol was approved by the

local ethics committee, and informed consent for the procedure was

obtained from each individual.

2.2. Laboratory and Clinical Information:

All blood samples were obtained after 8 hours of fasting and analyzed.

Height and weight were measured while the subjects wore light clothing

and no shoes. The body mass index (BMI) was calculated as weight

(kg) / height (m2). Hypertension was defined as blood pressure (BP) ≥

140 / 90 mm Hg or a self-reported history of hypertension and / or the

use of anti-hypertensive medication. Diabetes mellitus was defined as

either a fasting glucose value ≥ 126 mg/dL, anti-diabetic treatment, or

a referral diagnosis of diabetes. Hyperlipidemia was defined as total

cholesterol ≥ 240 mg/dL or the use of an anti-hyperlipidemic treatment.
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2.3. Measurement of Subclinical Atherosclerotic Parameters:

The baPWV was measured under the inhibition of caffeine-containing

food or beverages for at least 45 minutes prior to the examination. The

blood pressure and baPWV were measured with an automated waveform

analyzer (Colin VP-2000, Colin Medical Instruments Corp., Komaki,

Japan) after the patient rested in the supine position for at least 5

minutes in a quiet room. Pneumatic cuffs were wrapped around both

upper arms and ankles and connected to a plethysmographic sensor to

determine the volume pulse waveform. The mean baPWV of the values

measured on both sides of each patient was used for analysis. Carotid

IMT was measured using high-resolution B-mode ultrasonography

(Acuson X300, Siemens, USA) with a transducer frequency of 1315

MHz. Image acquisition, processing, storage, and calculation of the IMT

were performed with the Syngo Arterial Health Package (Siemens,

USA). Automatic measurements of both common carotid arteries were

made at the far wall of the 1-cm segment distal to the carotid bulbs.

The mean value of the carotid IMT was used for analysis. The

measurement of the carotid IMT was taken at sites free of any discrete

plaques. Carotid plaque was defined as a focal region with a carotid

IMT greater than 1.5 mm that protruded into the lumen and was

distinct from the neighboring boundary or as the presence of focal wall

thickening at least ≥50% than that of the surrounding vessel wall

(12,13).

2.4. Statistical Analysis:

Continuous variables are expressed as the mean ± SD, and categorical
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variables are presented as n (%). Continuous variables were compared

using independent t-tests or Mann-Whitney U-tests, and categorical

variables were compared using the χ2 test or Fisher's exact test, as

appropriate. Correlational analyses between the SUA levels, baPWV, and

carotid IMT were performed using Pearson's correlation tests.

Multivariate regression analyses were performed to identify the

independent impact of the clinical variables on baPWV, carotid IMT, and

carotid plaque. The forced entry method was used to enter independent

variables into the multivariate regression analyses. SPSS version 18

(SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. All

statistical tests were 2-tailed, and p < 0.05 was considered significant.
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3. Results

3.1. Baseline Characteristics:

Table 1 shows the clinical characteristics of the study participants. All

participants were stratified into four groups based on the quartiles of

their SUA levels. The mean levels of SUA were 3.3 ± 0.4, 4.3 ± 0.2, 5.1

± 0.3, and 6.6 ± 0.9 in group I (lowest), II, III, and IV (highest),

respectively. There were significant differences in age, BMI, systolic and

diastolic BP, serum levels of triglyceride and high-density lipoprotein

cholesterol, sex, and smoking between the groups. The prevalence of

hypertension and hyperlipidemia were significantly different between the

groups.

3.2. SUA Levels and Subclinical Atherosclerosis:

Figure 1 shows that the mean baPWV (group I [lowest]: 1441 ± 271

vs. group II: 1444 ± 228 vs. group III: 1495 ± 255 vs. group IV

[highest]: 1518 ± 250 cm/s), the mean carotid IMT (group I: 0.74 ± 0.15

vs. group II: 0.74 ± 0.16 vs. group III: 0.79 ± 0.20 vs. group IV: 0.79 ±

0.20 mm), and the incidence of plaque (group I: 28.9% vs. group II:

29.0% vs. group III: 36.2% vs. group IV: 41.0%) were significantly

different between all groups (all p < 0.001). The SUA levels were

significantly correlated with baPWV (r = 0.142; p < 0.001) and carotid

IMT (r = 0.140; p < 0.001) (Figure 2). The results of the subgroup

analysis for the risk of carotid plaque related to SUA levels are

presented in Figure 3.



- 6 -

3.3. Impact of Clinical Variables on Subclinical

Atherosclerosis:

The results of the multiple regression analyses for the association

between clinical variables and subclinical atherosclerosis are described in

Table 3. Age, BMI, SUA, high-sensitivity C-reactive protein level,

hypertension, and diabetes mellitus were significantly associated with

baPWV. Age, SUA, hypertension, and diabetes mellitus were

significantly associated with carotid IMT. Age, SUA, hypertension,

diabetes mellitus, and smoking were significantly associated with carotid

plaque.
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Table 1. Baseline Characteristics

Quartiles of SUA

pI (lowest)

(n = 662)

II

(n = 689)

III

(n = 643)

IV (highest)

(n = 566)

Age, years 59.6 ± 7.8 60.1 ± 7.4 61.0 ± 7.8 61.1 ± 8.5 0.001

Male, n (%) 63 (9.5) 120 (17.4) 247 (38.4) 412 (72.8) <0.001

BMI, kg/m2 24.0 ± 2.9 24.6 ± 2.9 25.0 ± 3.1 26.0 ± 2.8 <0.001

Heart rate, bpm 66.9 ± 8.8 67.2 ± 9.5 66.9 ± 10.1 67.0 ± 10.3 0.959

Systolic BP, mmHg 120.4 ± 15.2 120.8 ± 14.7 123.9 ± 14.8 126.7 ± 15.1 <0.001

Diastolic BP, mmHg 71.9 ± 10.1 72.3 ± 9.3 74.6 ± 8.9 77.5 ± 9.9 <0.001

Past history, n (%)

Hypertension 271 (40.9) 303 (44.0) 331 (51.5) 368 (65.0) <0.001

Diabetes mellitus 105 (15.9) 92 (13.4) 109 (17.0) 105 (18.6) 0.080

Hyperlipidemia 250 (37.8) 261 (37.9) 249 (38.7) 178 (31.4) 0.035

Smoking 62 (9.4) 102 (14.8) 211 (32.8) 320 (56.5) <0.001

Laboratory test

Total cholesterol, mg/dL 198.8 ± 34.8 199.2 ± 35.2 201.7 ± 37.7 197.3 ± 37.5 0.195

Triglyceride, mg/dL 109.7 ± 53.5 118.2 ± 59.9 134.8 ± 69.4 158.1 ± 88.9 <0.001

HDL cholesterol, mg/dL 58.8 ± 15.3 56.5 ± 14.4 52.8 ± 14.0 48.4 ± 13.0 <0.001

LDL cholesterol, mg/dL 120.2 ± 30.8 121.3 ± 32.2 124.0 ± 34.5 120.8 ± 34.3 0.170

Fasting glucose, mg/dL 100.8 ± 26.0 98.1 ± 17.6 103.0 ± 20.2 103.8 ± 16.5 <0.001

Uric acid, mg/dL 3.3 ± 0.4 4.3 ± 0.2 5.1 ± 0.3 6.6 ± 0.9 <0.001

hsCRP, mg/dL 1.3 ± 2.9 2.0 ± 8.0 1.8 ± 4.0 1.6 ± 3.1 0.375

Values are given as the mean ± standard deviation or number (%).

BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein;

hsCRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein.
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Table 2. Multivariate Regression Analyses for the Association of Clinical

Variables with Subclinical Atherosclerosis

baPWV Carotid IMT Carotid plaque

β (95% CI) p β (95% CI) p OR (95% CI) p

Age, per 1 year 12.029 (10.543−13.514) <0.001 0.009 (0.008−0.010) <0.001 1.070 (1.052−1.088) <0.001

Male 11.407 (-27.697−50.511) 0.567 0.001 (-0.027−0.029) 0.931 1.001 (0.661−1.515) 0.998

BMI, per 1 kg/m2 -5.197 (-9.394−-1.000) 0.015 0.001 (-0.002−0.004) 0.584 0.993 (0.950−1.038) 0.754

Uric acid, per 1

mg/dL
12.267 (1.235−23.299) 0.029 0.013 (0.005−0.021) 0.001 1.125 (1.004−1.261) 0.043

hsCRP, per 1

mg/dL
3.042 (0.675−5.408) 0.012 -0.002 (-0.003−0.001) 0.075 0.994 (0.962−1.028) 0.729

Hypertension 111.155 (84.971−137.340) <0.001 0.032 (0.013−0.050) 0.001 1.530 (1.160−2.018) 0.003

Diabetes mellitus 85.701 (54.009−117.393) <0.001 0.039 (0.016−0.062) 0.001 1.677 (1.223−2.300) 0.001

Hyperlipidemia -1.191 (-26.834−24.453) 0.927 0.009 (-0.009−0.028) 0.325 1.243 (0.949−1.629) 0.114

Smoking -3.120 (-41.814−35.575) 0.874 -0.007 (-0.035−0.021) 0.638 1.633 (1.089−2.448) 0.018

baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; CI,

confidence interval; hsCRP, high-sensitivity C-reactive protein; IMT,

intima-medial thickness; OR, odds ratio.
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Figure 1. Comparison of subclinical atherosclerosis according to the

quartiles of SUA levels.
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Figure 2. Correlations between SUA levels and subclinical

atherosclerosis.
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Figure 3. Subgroup analyses for the impact of SUA levels on carotid

plaque.



- 12 -

4. Discussion

In this prospective cohort study, we identified that SUA levels had a

positive correlation with carotid IMT and baPWV and were associated

with an increased risk for carotid plaque. After adjusting for

confounding clinical factors, SUA levels had an independent impact on

all subclinical atherosclerotic parameters.

Uric acid is the final product of purine nucleotide metabolism that is

finally eliminated by the kidney (14). Although an increased SUA level

has been considered a risk marker rather than an independent risk

factor for atherosclerosis, recent data strongly suggested that SUA

levels are not only markers of the catabolic rate but may also be

actively involved in the inflammatory process (15-17). In addition, there

is evidence that hyperuricemia impairs endothelial dysfunction by

reducing nitric oxide synthase in animal experiments (18). Some large

cohort studies also suggested that SUA levels are significant risk

factors for CV disease. The Progetto Ipertensione Umbria Monitoraggio

Ambulatoriale (PIUMA) study reported that an increased SUA levels

were a strong risk factor for subsequent CV disease and mortality in

untreated subjects with essential hypertension (19). Bos et al. also

reported that SUA levels were powerful risk markers for developing

myocardial infarction and stroke in the Rotterdam study (20).

The strengths of the present study are to evaluate the association

between SUA levels and subclinical atherosclerosis in an asymptomatic

general population with a large sample size using diverse, validated,

useful markers for subclinical atherosclerosis, including arterial stiffness

and the combination of carotid IMT and plaque (10,11). Several recent

studies evaluated the impact of SUA levels on subclinical
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atherosclerosis, but the results were somewhat inconsistent. Cicero et al.

reported that SUA levels were significantly correlated to hypertension

and carotid IMT but not to arterial stiffness in 619 participants in the

Brisighella Heart Study (21). However, the number of participants in

this study was relatively small. Chen et al. reported that SUA levels

were positively associated with carotid IMT in 10281 middle-aged and

elderly Chinese subjects (22). Despite the large sample size in this

study, the association between SUA levels and the risk of carotid plaque

was not investigated. Other studies evaluated the relationship of SUA

levels and coronary artery calcification, but the results were different

(23,24). In the present study, we identified that SUA levels had an

independent impact on arterial stiffness and carotid IMT and plaque in

an asymptomatic Korean population after adjusting for traditional CV

risk factors. Our results suggest that controlling SUA levels is

important to prevent the development of subclinical atherosclerosis.

Further prospective longitudinal studies with larger sample sizes are

necessary to address the effect of uric acid-lowering agents on

atherosclerosis.

The exact mechanism of SUA related to the development and

progression of atherosclerosis has been uncertain. One possible

mechanism is the inflammatory properties of SUA that cause

arteriosclerosis. Nod-like receptor family protein 3 inflammasome is

activated by urate crystal engulfed macrophages (25). Via this pathway,

urate-stimulated macrophages secrete interleukin-1β and lead to

inflammation, which cause the development of arteriosclerosis. Another

possible mechanism is the expression of urate transporters in blood

vessels, which move urate through glucose transporter 9 and

voltage-driven urate efflux transporter 1, causing inflammation in the

vessels (26). Further investigation should be necessary to fully
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understand the mechanism.

This study has some limitations. First, the present study included only

a Korean population. Second, we could not control the possible effects of

underlying medications on subclinical atherosclerosis because of the

observational nature of the study design. Finally, we did not have

information from the participants on environmental risk factors, such as

physical activity, exercise, or diet. Despite these limitations, we identified

the independent impact of SUA levels on subclinical atherosclerosis

using established imaging tools to evaluate atherosclerosis.
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5. Summary

High SUA levels were independently associated with an increased risk

for subclinical atherosclerosis, as reflected in the baPWV and carotid

IMT and plaque, in a relatively healthy Korean adult population.
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Data on the association between serum uric acid (SUA) levels and

diverse atherosclerotic parameters in asymptomatic general population is

limited. The present study aimed to evaluate the relation of SUA levels

with brachial-ankle pulse wave velocity (baPWV), carotid intima-medial

thickness (IMT), and carotid plaque in 2560 asymptomatic adults (60 ±

8 years, 33% men) without a previous history of cardiovascular or

cerebrovascular disease, neurological abnormalities, or malignancies and

who participated in health examinations for a community-based cohort

study between April 2010 and November 2012. All participants were

stratified into four groups based on the quartiles of their SUA levels.

The mean baPWV (group I: 1441 ± 271 vs. group II: 1444 ± 228 vs.
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group III: 1495 ± 255 vs. group IV: 1518 ± 250 cm/s), carotid IMT

(group I [lowest]: 0.74 ± 0.15 vs. group II: 0.74 ± 0.16 vs. group III:

0.79 ± 0.20 vs. group IV [highest]: 0.79 ± 0.20 mm), and incidence of

carotid plaque (group I: 28.9% vs. group II: 29.0% vs. group III: 36.2%

vs. group IV: 41.0%) were significantly different between all groups (all

p <0.001). The SUA levels were significantly correlated with baPWV (r

= 0.142) and carotid IMT (r = 0.140) (all p <0.001). Multiple regression

analyses showed that SUA levels were significantly associated with

baPWV (β = 12.267), carotid IMT (β = 0.013) and the risk of carotid

plaque (odds ratio 1.125; 95% confidence interval 1.004-1.261) (all p

<0.05). In conclusion, SUA levels have an independent association with

subclinical atherosclerosis in a relatively healthy Korean adult population.



- 23 -

중요한 임상 사건의 병력이 없는 무증상 성인 한국인에서

혈청 요산 수치와 잠재적 동맥경화의 위험성

원 기 범

계명대학교 대학원

의학과 내과학 전공

(지도교수 허 승 호)

무증상 성인에서 혈청 요산 수치와 다양한 동맥경화 지표와의 연관성에

대해서는 잘 알려져 있지 않다. 본 연구는 2010년 4월부터 2012년 11월까지

지역 기반 코호트 연구 건강 검진에 참여했던 심혈관 및 뇌혈관 질환, 신경

학적 이상, 또는 악성종양 질환에 대한 과거력이 없는 무증상 성인 2560명

을 대상으로 혈청 요산 수치와 상완-발목간 맥파전달속도, 경동맥 내막-중

막 두께 및 경동맥 동맥경화반의 연관성을 조사했다. 모든 연구 참여자들은

혈청 요산 수치의 사분위수를 확인한 후 네 군으로 구분하였다. 각 군의 평

균 상완-발목간 맥파전달속도 (1군 [가장 낮은]: 1441 ± 271 cm/s, 2군:

1444 ± 228 cm/s, 3군: 1495 ± 255 cm/s, 4군 [가장 높은]: 1518 ± 250

cm/s), 평균 경동맥 내막-중막 두께 (1군: 0.74 ± 0.15 mm, 2군: 0.74 ±

0.16 mm, 3군: 0.79 ± 0.20 mm, 4군: 0.79 ± 0.20 mm), 및 경동맥 동맥경화

반의 빈도 (1군: 28.9%, 2군: 29.0%, 3군: 36.2%, 4군: 41.0% cm/s)는 각각



- 24 -

유의한 차이를 보였다 (all p <0.001). 혈청 요산 수치는 상완-발목간 맥파

전달속도 (r = 0.140) 및 경동맥 내막-중막 두께 (r = 0.142)와 유의한 양의

상관관계를 보였다 (all p <0.001). 다변량 회귀분석에서 혈청 요산 수치는

상완-발목간 맥파전달속도 (β = 12.267), 경동맥 내막-중막 두께 (β =

0.013) 및 경동맥 동맥경화반의 위험도 (odds ratio 1.125; 95% confidence

interval 1.004-1.261)와 유의한 연관성을 보였다 (all p <0.05). 따라서 혈청

요산 수치는 비교적 건강한 무증상 성인에서 잠재적인 동맥경화와 독립적

으로 연관되어 있을 것으로 판단된다.
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