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a b s t r a c t

Objective: Serum uric acid level has been found to be associated with a risk factor for cardiovascular
diseases. However, the topic has not been explored in the general population, especially in Korea. This
study was designed to determine whether serum uric acid is associated with carotid atherosclerosis and
arterial stiffness in the Korean Multi-Rural Communities Cohort study.
Methods: A total of 5568 participants from the Korean Multi-Rural Communities Cohort were evaluated
for the risk of hyperuricemia in cardiovascular atherosclerosis. Important surrogates for cardiovascular
atherosclerosis such as intimaemedia thickness (IMT) and brachial-ankle pulse wave velocity (baPWV)
were assessed. We evaluated the association between these atherosclerosis indices and serum uric acid
level or hyperuricemia through multivariate-adjusted logistic and linear regression analyses.
Results: There was a significant difference of carotid IMT and baPWV between males and females
(p < 0.0001, respectively). Both male and female subjects with hyperuricemia showed higher baPWV
than subjects without hyperuricemia (p ¼ 0.0004 for males; p ¼ 0.001 for females). Serum uric acid level
was positively correlated with baPWV in males (b ¼ 0.0006, p < 0.0001) and in females (b ¼ 0.0001,
p ¼ 0.04), whereas no association between serum uric acid and carotid IMT was found in either gender. A
linear relationship of baPWV with increasing serum uric acid level was observed in males (p ¼ 0.0005)
and in females (p ¼ 0.004).
Conclusion: Serum uric acid level could be considered an important risk factor for arterial stiffness in
Korean population, whereas carotid IMT is not associated with serum uric acid in either gender when
using data from the Korean Multi-Rural Communities Cohort study.

� 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Several epidemiological studies have addressed the concept that
serum uric acid level could be considered a risk indicator for car-
diovascular diseases (CVD) including metabolic syndrome, coronary

artery disease, and carotid atherosclerosis [1e3]. Regarding the as-
sociation between hyperuricemia and CVD, recent epidemiologic
data and meta-analysis of 26 eligible studies showed consistent re-
sults, suggesting hyperuricemia increased the risk of CVD [4e6].
Based on the experimental studies, uric acid was implicated in
various pathological mechanisms in CVD pathogenesis such as end-
othelial dysfunction [7], promotion of vascular smooth muscle cell
proliferation [8], and induction of vasoconstrictive mediators such as
entdothelin-1 and angiotensin II [9,10]. These results suggest that uric
acid has a role in the aberrant changes of vascular properties. In
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contrast, uric acid was thought to be only an embedded component
involved in the clustering of traditional CVD risk factors [11]. Recent
data from a prospective study and meta-analysis found no predictive
importance of coronary heart disease [12]. Based on these contrasting
opinions, the association of uric acid and CVD remains controversial.

Brachial-ankle pulse wave velocity (baPWV) for arterial stiffness
[13,14] and intimaemedia thickness (IMT) for carotid atheroscle-
rosis [15] are regarded as non-invasive indicators of cardiovascular
events. Several previous studies have suggested that uric acid is
associated with baPWV [16,17] and IMT [18]. However, the associ-
ation of uric acid with a risk of increased arterial stiffness and
atherosclerosis in epidemiologic and retrospective studies in the
Korean population [16,19] remains controversial. Therefore, addi-
tional data to confirm these associations is needed by using variable
indices for CVD such as IMTand baPWV. This study was designed to
identify the role of hyperuricemia and serum uric acid level in PWV
and IMT as surrogate markers indices for arterial stiffness and ca-
rotid atherosclerosis in the Korean Multi-Rural Communities
Cohort study.

2. Subjects and methods

2.1. Study population

The Korean Multi-Rural Communities Cohort study is a part of
the Korean Genome Epidemiology study. This community-based
prospective cohort has been constructed since 2004 to identify
risk factors for cardiovascular diseases in the Korean population.
The target population for this multi-center cohort included resi-
dents who were �40 years old at enrollment in three rural areas
nationwide: Yangpyeong (located in the eastern part of Seoul, the
capital of South Korea), Namwon (located in the southwestern part
of South Korea), and Goryeong (located in the southeastern part of
South Korea). A total of 9697 participants were recruited in the
cohort from January 2005 to August 2009. Among these partici-
pants, those who had medical histories of hypertension, hyperlip-
idemia, diabetes, heart disease, cerebrovascular disease, or cancer
at the time of the baseline survey were excluded from the eligible
population for this study (n ¼ 3725). Those with missing data on
dependent (serum uric acid level) or independent variables (as an
exception, those with missing data on PWV were included in the
final dataset, but excluded from the analyses of PWV as an inde-
pendent variable.) and those with implausible self-reports on di-
etary intake (total energy intake <500 or >4000 kcal/day; more
than 10 missing food items; or missing data on rice as the staple
food for most Koreans) were also excluded from the eligible pop-
ulation (n¼ 404). As a result, a total of 5568 participants were used
for the final analyses. This study was performed in adherence with
the guidelines of the Declaration of Helsinki and approved by the
Institutional Review Boards of Hanyang University, Chonnam Na-
tional University Hospital, and Keimyung University in Korea.

2.2. Data collection

A standardized protocol for questionnaire survey and exami-
nation procedures was used to ensure uniform data collection
methods at the three study centers. In-person interviews using a
structured questionnaire were administered by trained in-
terviewers to obtain baseline data of the study participants. The
questionnaire included a set of questions on demographic char-
acteristics (i.e., age, gender, education, and marital status), his-
tories of physician-diagnosed diseases (i.e., hypertension,
hyperlipidemia, diabetes, heart disease, cerebrovascular disease,
and cancer), lifestyle factors such as cigarette smoking, alcohol
consumption, and physical activity. As far as cigarette smoking is

concerned, non-smokers were defined as those who had never
smoked or smoked <400 cigarettes during their lifetime. Those
who had smoked �400 cigarettes during their lifetime were
categorized into two groups, former smokers and current
smokers, according to their current status of smoking. With
regards to alcohol consumption, non-drinkers were defined as
those who had never had one drink (not a sip of drink) during
their lifetime. Those who had had � one drink during their life-
time were divided into two groups, former drinkers and current
drinkers, according to their current status of drinking. Regular
exercise was defined as a positive response to the following
question: “Do you exercise regularly enough to make you break
into a sweat?”

In the baseline survey, anthropometric measurements were also
obtained using standardized methods. Height was measured using
a standard height scale and recorded to the nearest 0.1 cm. Weight
was measured using a metric weight scale and recorded to the
nearest 0.01 kg. The scale was zero-balanced before each study
participant was weighed in light clothing without shoes. Bodymass
index (BMI) was calculated as the weight in kilograms divided by
the square of the height in meters. Waist circumference was
measured midway between the inferior border of the lowest rib
and the superior border of the iliac crest and recorded to the
nearest 0.1 cm. Systolic and diastolic blood pressures were
measured using a standard mercury sphygmomanometer with a
connected inflatable cuff and recorded to the nearest 2 mmHg.
After each participant was asked to rest for at least 5 min, two
consecutive blood pressure measurements were obtained. We used
the average values of the two systolic and diastolic measurements
for the analyses. In case the difference between the two measure-
ments was greater than 5 mmHg, the third measurement was ob-
tained, and the average values of the second and third systolic and
diastolic measurements were used for the analyses.

Laboratory evaluations were performed using blood samples
which were obtained in the overnight fasting state (at least 8 h of
fasting). The sampleswereanalyzed forbiochemicalmarkers the same
day they were obtained. The ADVIA1800 Auto Analyzer (Siemens
Medical Solutions USA, Inc., Malvern, PA, USA) was used to determine
the levels of serum uric acid, creatinine, triglyceride, HDL cholesterol,
and fasting serum glucose. Glomerular filtration rate (GFR) was
calculated using the simplified equation of the Modification of Diet in
RenalDiseasestudy [20]:GFR(mL/minuteper1.73m2)¼186� (serum
creatinine level [mg/dL])�1.154 � (age)�0.203 � [0.742, if female].

2.3. Dietary assessment

For the assessment of dietary intake, in-person interviews using
a semi-quantitative food frequency questionnaire (FFQ) were
administered by trained interviewers. The FFQ has been validated
and the results of the validation study have been reported in detail
elsewhere [21]. The FFQ was used to identify the average frequency
(9 categories ranging from ‘never or rare’ to ‘three times per day’)
and portion size (3 specified portion sizes) of consumption of 106
food items over the past year. The duration of intake (4 categories:
3, 6, 9, and 12 months) was also identified for the consumption of
seasonal food items. The average daily intakes of each food item
(i.e., intakes of coffee, tea, and soft drink) were estimated using the
weighted frequency per day and the portion size per unit of each
food item. The average daily intakes of each food groups (i.e., in-
takes of meat, seafood, and dairy food) were computed by summing
the average daily intakes of related food items: meat intake (beef,
pork, and poultry products, sausages and luncheon meats, and
edible offal); seafood intake (finfish and shellfish products, and
seaweed); and dairy food intake (milk, yogurt, ice cream, and
cheese). For the conversion of intakes of food items into nutrients
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