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Association of serum uric acid with subsequent arterial
stiffness and renal function in normotensive subjects

Shiori Nagano1, Maasa Takahashi1, Nobuyuki Miyai1, Mayumi Oka1, Miyoko Utsumi1, Mitsuru Shiba1,
Kanae Mure2, Tatsuya Takeshita2 and Mikio Arita1

Serum uric acid (SUA) is correlated with an increased risk of not only gout but also cardiovascular diseases. The present study

aimed to longitudinally evaluate the effects of SUA level on renal function and arterial stiffness in a population-based sample of

normotensive subjects. The subjects completed a health checkup in 2002 at baseline and in 2011 or 2012 at the end of the

follow-up period. A total of 407 normotensive subjects (171 men and 236 women) aged 26–66 years were enrolled in this

study. We measured blood pressure (BP), brachial-ankle pulse wave velocity (baPWV), central BP, intima–media thickness, SUA

level and estimated glomerular filtration rate (eGFR). We divided the subjects into four subgroups according to the SUA quartile

at baseline and compared renal function and arterial stiffness after the follow-up. The cutoff values were 3.6, 4.4, 5.6

and 9.6 mg dl−1. The SUA levels associated with baPWV (Q1, 1324; Q2, 1457; Q3, 1442; Q4, 1489 cm s−1), systolic

BP (SBP) (Q1, 110.9; Q2, 110.1; Q3, 112.8; Q4. 116.1 mm Hg) and eGFR (P for trend o0.001). There was a significant

difference in the incidence of arterial stiffness in women. Multivariate regression analyses showed that after adjusting for

potential confounders, including age, sex, body mass index, SBP and lipids, SUA was a significant determinant of baPWV

(β=0.117; Po0.05) and eGFR (β=−0.335, Po0.001). The results of this study suggest that elevated SUA levels may be

associated with a higher risk of increased arterial stiffness and reduced renal function in normotensive subjects.
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INTRODUCTION

The adoption of Westernized diets has led to annual increases in the
number of cases of gout and its cause, hyperuricemia. The prevalence
of hyperuricemia among adult men in Japan is reported to be
20–25%.1 The Japanese Society of Gout and Nucleic Acid Metabolism
has defined hyperuricemia as a serum uric acid (SUA) level of
47.0 mg dl− 1 irrespective of sex or age. Hyperuricemia is classified
into three types: increased production, in which uric acid is produced
excessively; decreased excretion, in which the capability of uric acid
excretion is reduced because of decreased renal function; and mixed,
which is a combination of both types. In Japan, 85% of all cases of
gout and hyperuricemia involve decreased renal excretion of uric
acid.2

Excess SUA is related to an increased risk of not only gout but
also cardiovascular diseases. Several cohort studies have shown a
link between SUA and subsequent cardiovascular disease.3–5 In
addition, the SUA level is closely related to other cardiovascular
disease risk factors, such as hypertension, hyperlipidemia and
obesity.6–9 Experimental models have demonstrated that elevated
concentrations of SUA increase blood pressure (BP) without
affecting kidney morphology,10 and lowering SUA levels can

normalize BP.11 Moreover, SUA levels are also related to the onset
or progression of chronic kidney disease.2 These effects have been
proposed to be due to an increase in BP and endothelial
dysfunction by hyperuricemia.
However, most of the results linking SUA levels and cardiovas-

cular risk factors and renal function have been derived from
studies of hypertensive patients.6–8,12–15 For example, Alderman
et al.12 found an association between SUA levels and subsequent
cardiovascular events in a large multiracial population of subjects
with essential hypertension. Fang and Alderman8 found that an
increased SUA level was independently and significantly associated
with a risk of cardiovascular mortality in both sexes. Few studies
have addressed this issue in normotensive subjects. If SUA levels
are related to novel risk factors of atherosclerosis even in
normotensive subjects, then we can intervene to control SUA
from an early stage. Eventually, this intervention can lead to the
prevention of the development of arteriosclerosis and deterioration
of renal function in the future. Thus, the present study aimed to
longitudinally evaluate the effect of SUA levels on arterial stiffness
and renal function in a population-based sample of normotensive
subjects.
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METHODS

Study subjects
The study subjects were selected from individuals participating in a population-
based health study16 held in Minabe, Wakayama Prefecture, Japan. Each subject
completed a baseline health checkup in 2002 and another checkup at the end
of follow-up period in 2011 or 2012. A total of 407 normotensive subjects
(171 men and 236 women) aged 26–66 years (mean age, 48.3± 9.2 years) were
enrolled in this study. Normotension was defined as a systolic BP (SBP) of
o140 mm Hg and a diastolic BP of o90 mm Hg without the use of
antihypertensive and antihyperuricemic medication. There were 31 participants
taking medication for dyslipidemia and 5 subjects taking medication for
diabetes. All participants provided their informed consent before the examina-
tions. The study protocol was approved by the ethical committee of Wakayama
Medical University.

Baseline measurements
We collected the medical histories and physical examination data of the
participants. Height and weight were measured at each examination, and body
mass index (kg m− 2) was calculated as the weight in kg divided by the square of
the height in meters. SBP and diastolic BP were measured twice in the left arm
with the subject in a seated position using a mercury-column sphygmoman-
ometer. The mean of the two readings was used for each BP variable. Blood
samples were obtained after 12 h of fasting to determine of the following
parameters using standard biochemical techniques: triglycerides, total choles-
terol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol,
and SUA that were detected using an enzymatic method (uricase-UV) and
hemoglobin A1c (HbA1c). Spot urine was collected in the morning before the
examination.

Markers of arterial stiffness
Each subject was placed in the supine position, with special cuffs placed
bilaterally on the arms and legs, to investigate their bilateral brachial-ankle pulse
wave velocity (baPWV) using a noninvasive arterial atherosclerosis measuring
system (form PWV/ABI; Omron Healthcare, Kyoto, Japan). Radial arterial
pulse waveforms were measured noninvasively using an automated tonometric
system (HEM-9000AI; Omron Healthcare). The measurement was performed
using a tonometer probe fastened to the right wrist and a BP cuff placed on the
left arm. The late systolic peak of radial arterial waveforms (SBP2) was
identified automatically using this device. Carotid arterial stiffness was
determined using B-mode ultrasonography (GM-72 P00A: Panasonic,
Kanagawa, Japan). Subjects were kept in the supine position with their heads
slightly extended. The intima–media thickness (IMT) was measured on the far

wall of both sides of the common carotid artery, ∼ 10 mm proximal to the
bifurcation of the carotid artery.

Markers of renal function
We assessed the estimated glomerular filtration rate (eGFR) based on the
patient’s serum creatinine level, age and sex using the Japanese equation.17

We adjusted the creatinine clearance to offset the bias based on the
relationship between creatinine values measured by the Jaffe and enzymatic
methods: (serum creatinine by the Jaffe method (mg dl− 1)= serum creatinine
by the enzymatic method (mg dl− 1)+0.2).18

Statistical analyses
Data are presented as mean± s.d. unless otherwise specified. Logarithmic
transformation was performed before analysis if the variables were not normally
distributed. We divided the subjects into four subgroups according to the SUA
level quartiles at baseline and compared their arterial stiffness and renal
function after the follow-up period. The quartile division points were 3.6, 4.4,
5.6 and 9.6 mg dl− 1. Differences in the characteristics of subjects between
baseline and the end of follow-up were analyzed using paired t-tests. The
differences between the SUA groups at baseline were analyzed using the
Bonferroni multiple comparison. The effect of SUA levels on arterial stiffness
was investigated after controlling for sex, age and BP, and the one on renal
function was investigated after controlling for sex, age and eGFR by analysis of
covariance. Next, separate analyses were performed for men and women. All
participants were divided according to sex-specific SUA quartiles, and the
effects of SUA levels on arterial stiffness were investigated as described above.
To evaluate the independent determinants of arterial stiffness and renal
function, multiple regression analyses were performed. In the analyses, age
and sex were forced into the model, and body mass index, SBP, diastolic BP,
SUA, eGFR, HbA1c, triglycerides, high-density lipoprotein cholesterol and
low-density lipoprotein cholesterol were entered using a stepwise selection
method. A P-value of o0.05 was considered significant. Data analyses were
performed using SPSS 16.0 for Windows (SPSS Software, Chicago, IL, USA).

RESULTS

Table 1 shows the characteristics of subjects at both the baseline and
follow-up measurements. The mean age of the subjects at their
baseline was 48.3± 9.2 years (men, 48.3± 9.8 years; women,
48.3± 8.7 years). The mean SUA level was 4.7± 1.4 mg dl− 1 at
baseline and 4.8± 1.4 mg dl− 1 at the follow-up examination. At the
end of the follow-up period, the subjects had significantly higher SBP,
total cholesterol, high-density lipoprotein cholesterol and HbA1c, and
significantly lower eGFR than at baseline. Table 2 shows the
characteristics of the subjects by SUA quartiles at baseline. Individuals
with high SUA levels had higher body mass index, triglycerides and
eGFR, but lower high-density lipoprotein cholesterol. In particular,
subjects in the higher SUA quartiles had high triglycerides. In addition,
88% of men were in the highest quartile. Table 3 shows the
relationships among SUA levels, BP, arterial stiffness and renal
function. A gradual association with SUA levels was found for baPWV
(P for trend o0.01) and eGFR (P for trend o0.001). However, there
was no significant difference in BP, SBP2 or mean IMT among the
SUA subgroups.
When the analyses were performed separately by sex, significant

differences in arterial stiffness markers were not observed among men.
However, there was a significant difference in baPWV among the
women. In addition, we found an association between SUA levels and
eGFR in both sexes. Table 4 shows the multiple regression analyses for
the independent determinants of BP, arterial stiffness and renal
function. After adjusting for potential confounding variables, including
age, sex, SBP, SUA, eGFR and HbA1c, the SUA level was found to be a
significant determinant of baPWV (β= 0.117; Po0.05) and eGFR
(β=− 0.335, Po0.001).

Table 1 Characteristics of the subjects at baseline and at the end of

the follow-up period

Baseline Follow-up P-value

Age Years 48.3 (9.2) 58.0 (9.2)

Body mass index kg/m2 21.7 (2.6) 21.5 (2.6) **

Systolic blood pressure mm/Hg 119.1 (10.9) 120.5 (15.0) **

Diastolic blood pressure mm/Hg 73.4 (7.6) 72.5 (9.9)

Creatinine mg/dl 0.94 (0.16) 0.91 (0.15) **

Serum uric acid mg/dl 4.7 (1.4) 4.8 (1.4)

eGFR ml/min

per 1.73 m2

79.8 (22.1) 77.0 (12.8) *

Triglycerides mg/dl 121.0 (131.8) 122.5 (130.4)

Total cholesterol mg/dl 199.8 (34.2) 203.5 (31.7) **

HDL cholesterol mg/dl 56.7 (13.4) 63.0 (15.2) ***

LDL cholesterol mg/dl 119.3 (30.3) 117.5 (27.0)

HbA1c % 4.9 (0.4) 5.0 (0.4) *

Abbreviations: eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c;
HDL, high-density lipoprotein; LDL, low-density lipoprotein.
Values are mean (s.d.).
*Po0.05, **Po0.01, ***Po0.001.
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DISCUSSION

The present study demonstrated that subjects in the high SUA
quartiles at baseline had high baPWV and low eGFR at the end of
the follow-up period. In addition, the SUA level was shown to be a
significant determinant of baPWV and eGFR after adjusting for
potential confounding variables, including age, sex and BP. Uric acid
is the end product of purine metabolism. Epidemiological studies have
demonstrated that elevated SUA levels are significantly associated with

the progression of high BP.19–21 In our study, there was no significant
difference in BP by SUA subgroups. We found an association between
SUA levels and arterial stiffness. The development of atherosclerosis
progresses in stages. SUA interacts as an aggravating factor in the early
stages of this process.22 Nitric oxide (NO) plays an important role in
endothelial function, and high uric acid levels decrease the production
of NO.23 This finding suggests the possibility of endothelial dysfunc-
tion, caused by uric acid, being involved in the progression of

Table 2 Characteristics of the SUA subgroups at baseline

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value

Age Years 47.7 (7.7) 49.3 (9.2) 48.1 (9.8) 48.1 (9.8)

Body mass index kg/m2 21.2 (2.3) 21.2 (2.6) 21.9 (2.7) 22.6 (2.5) ***1–4, 2–4

Systolic blood pressure mm/Hg 117.6 (10.9) 119.6 (11.4) 118.4 (10.5) 120.4 (10.9)

Diastolic blood pressure mm/Hg 72.1 (7.3) 73.4 (7.7) 73.6 (7.3) 74.6 (8.0)

Triglycerides mg/dl 88.4 (53.6) 96.7 (71.1) 122.9 (182.2) 172.4 (149.2) *1–3, ***1–4, 2–4, 3–4

Total cholesterol mg/dl 195.8 (30.6) 198.7 (34.1) 199.2 (35.1) 205.1 (36.4)

HDL cholesterol mg/dl 60.6 (11.5) 59.2 (14.0) 54.4 (13.2) 52.9 (13.2) *2–3, **1–3, 2–4, ***1–4

LDL cholesterol mg/dl 117.8 (26.9) 120.5 (29.8) 123.3 (29.6) 117.9 (34.2)

eGFR ml/min per 1.73 m2 76.7 (22.1) 76.6 (20.7) 79.0 (22.3) 86.7 (22.0) **1–4, 2–4

HbA1c % 4.9 (0.3) 4.9 (0.4) 5.0 (0.4) 5.0 (0.4)

Men % 6.3 15.0 53.7 88.4 ***

Antihyperlipidemic drugs No. of subjects 4 12 8 7

Antidiabetic drugs No. of subjects 1 1 2 1

Abbreviations: eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SUA, serum uric acid.
Values are mean (s.d.) or percentages. Number 1 to 4 indicate quartile 1 to 4.
*Po0.05, **Po0.01, ***Po0.001.

Table 3 Relationship between SUA levels, BP, arterial stiffness and renal function

Baseline Follow-up

SUA level

No. of subjects

SBP DBP baPWV SBP2 Mean IMT eGFR

mg/dl mm/Hg mm/Hg cm/sec mm mm/Hg ml/min per 1.73 m2

Total
Quartile 1 o3.6 95 118.8 (14.9) 71.3 (9.7) 1361 (215.1) 111.4 (16.1) 0.60 (0.14) 84.1 (12.7)

Quartile 2 3.7–4.4 100 120.5 (14.4) 72.3 (9.3) 1448 (206.2) 109.9 (15.6) 0.61 (0.13) 77.6 (12.2)

Quartile 3 4.5–5.6 108 119.9 (13.7) 72.2 (8.9) 1443 (195.1) 112.8 (14.8) 0.60 (0.12) 75.7 (11.7)

Quartile 4 ≧5.7 104 122.4 (16.0) 74.2 (10.4) 1463 (228.0) 115.9 (17.3) 0.62 (0.14) 71.4 (13.6)

P for multiple comparison NS NS *1–2, 1–3, 1–4 NS NS *3–4, **2–4, ***1–2, 1–3, 1–4

P for trend NS NS ** NS NS ***

Adjusted Sex, age, BP Sex, age, eGFR

Men
Quartile 1 o4.9 50 123.6 (13.7) 75.9 (9.1) 1476 (221.7) 114.0 (16.4) 0.60 (0.13) 80.3 (12.6)

Quartile 2 5.0–5.6 37 123.6 (13.8) 74.4 (9.1) 1471 (223.6) 111.7 (16.5) 0.60 (0.13) 78.3 (13.0)

Quartile 3 5.7–6.5 43 126.3 (13.7) 76.9 (9.1) 1511 (222.2) 118.0 (16.4) 0.65 (0.13) 72.4 (10.0)

Quartile 4 ≧6.6 41 123.6 (13.8) 77.6 (9.1) 1467 (222.2) 116.3 (16.4) 0.61 (0.13) 73.3 (11.3)

P for multiple comparison NS NS NS NS NS ***1–3, 1–4

P for trend NS NS NS NS NS **

Women
Quartile 1 o3.3 67 116.3 (13.3) 69.1 (8.6) 1324 (171.3) 109.6 (13.2) 0.61 (0.11) 84.0 (13.1)

Quartile 2 3.4–3.8 62 117.3 (13.4) 69.8 (8.6) 1398 (172.3) 110.8 (13.3) 0.60 (0.12) 78.8 (12.4)

Quartile 3 3.9–4.4 55 117.7 (13.4) 69.6 (8.6) 1432 (172.1) 109.1 (13.2) 0.62 (0.11) 73.7 (10.4)

Quartile 4 ≧4.5 52 117.8 (13.3) 70.8 (8.6) 1436 (170.1) 113.8 (13.2) 0.60 (0.12) 72.1 (13.3)

P for multiple comparison NS NS **1–3, 1–4 NS NS *2–4, ***1–3, 1–4

P for trend NS NS ** NS NS ***

Abbreviations: baPWV, brachial-ankle pulse wave velocity; BP, blood pressure; DBP, diastolic BP; eGFR, estimated glomerular filtration rate; IMT, intima–media thickness; NS, not significant;
SBP, systolic BP; SUA, serum uric acid.
Values are mean (s.d.). Number 1 to 4 indicate quartile 1 to 4.
*Po0.05, **Po0.01, ***Po0.001.
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atherosclerosis. In addition, reduced NO levels induce insulin resis-
tance. In insulin-resistant states, the vasodilatory effect of insulin
mediated by NO is blunted, resulting in a disruption in arterial blood
flow.24 Furthermore, hyperuricemia has also been associated with
elevated circulating endothelin levels,25 and one of the major sites of
SUA production in the cardiovascular system is the vessel wall, notably
in the endothelium.26 Taken together, these findings suggest that high
SUA levels could be a marker of impaired hemodynamic reserves and/
or disrupted blood flow.
We found a clearer association between SUA levels and arterial

stiffness in women as compared with men. Among the recent large-
scale prospective studies, a report from the Framingham Heart Study
observed that after adjusting for diuretic use and menopausal status,
there was a strong relationship between increased SUA levels and
cardiovascular mortality in women.7 However, a report from the
NHANES I (First National Health and Nutrition Examination Survey)
showed a significant and independent association between SUA
concentrations and cardiovascular and all-cause mortality in both
men and women.8 However, a contradictory association between SUA
levels and cardiovascular risk factors might exist because the SUA level
is, at least in part, passively increased by various cardiovascular risk
factors. First, SUA is higher in men27 and postmenopausal women
because estrogen is known to be uricosuric. Second, hyperuricemia
frequently occurs in obese subjects with insulin resistance because
insulin stimulates sodium and urate reabsorption in the proximal
tubule.28 Third, SUA levels are frequently increased in patients with
hypertension, presumably because of a decrease in renal blood flow
that stimulates urate reabsorption.29 Finally, increased SUA levels are
closely associated with decreased renal urate excretion.
Our study revealed a gradual association between SUA levels and

eGFR. High SUA levels might result in renal vasoconstriction by
inhibiting the NO pathway and by activating the renin–angiotensin
system.30,31 In addition, SUA induces vascular smooth muscle cell
proliferation, inflammation and oxidative stress, and elevated levels
might lead to irreversible damage to small renal vessels, causing renal
microvascular lesions and, subsequently, elevated BP.7 Renal function
might also be decreased by these mechanisms. In our study, different
outcomes in the two sexes were observed, and one or more of these
mechanisms might be involved.

In addition, multivariate regression analyses demonstrated that SUA
levels were significant determinants of baPWV and eGFR. The
associations were still observed despite adjusting for potential con-
founding variables, including age, sex, SBP, eGFR and HbA1c values at
baseline. When the analyses were performed separately by sex, we
could not demonstrate a clear association between SUA levels and
arterial stiffness in men. However, the results of multiple regression
analyses suggest that elevated SUA levels may contribute to increased
arterial stiffness in both sexes. A recent study by Ndrepepa et al.32

showed a stronger association between hyperuricemia and an
increased risk of mortality in both sexes, with a stronger association
in women, in a population of 13 273 patients. Consistent with the
findings obtained in most studies, we found that despite the higher
uric acid levels observed in men, a significant association between uric
acid and coronary artery disease was observed only in women.33 In the
present study, age is a more important determinant of baPWV in
women than in men independent of blood pressure variables.
Furthermore, baPWV is increased at ∼ 50–60 years of age in
women.34 Although we could not confirm the menopausal status in
each individual, these results suggest that menopause is an important
factor influencing arterial stiffness in healthy female subjects. Estrogen
has beneficial effects on arterial stiffness. The present study suggests
that the exhaustion of estrogen enhances age-related arterial stiffing.
Of the several arterial stiffness markers, a significant association of

SUA levels was found only in baPWV. The baPWV is a simple and
reproducible measurement of arterial stiffness and is widely used in
several studies.35 The baPWV reflects arterial wall structural compo-
nents, such as collagen and elastin, as well as transmural pressure and
smooth muscle tone that mainly regulate arterial vessel distensibility
and function;36 baPWV has been reported to be a crucial independent
determinant of cardiovascular risk.37 However, the SBP2 is the late
systolic shoulder of the radial pressure waveform and is linked with
central SBP. However, there are some unresolved issues regarding
central BP. One problem that has been observed is that central BP is
calculated by calibrating the upper arm BP radial artery waveform.
The central BP, calculated in this manner, is dependent on the brachial
pressure, making it difficult to determine whether these are different
issues. In addition, the IMT is a marker of systemic and coronary
atherosclerosis, and does not reflect the early stage of atherosclerosis.
Although the reason why SUA levels were not associated with IMT still

Table 4 Multiple regression analyses for the independent determinants of BP, arterial stiffness and renal function

Follow-up (2011, 2012) SBP DBP baPWV SBP2 Mean IMT eGFR

Baseline (2002)
Sex −0.226*** −0.291*** −0.048 −0.101* −0.050 −0.424***

Age 0.163*** 0.053 0.581*** 0.192*** 0.101 −0.392***

Body mass index 0.134** 0.180*** — 0.198*** — —

SBP 0.283*** 0.280*** 0.216*** 0.230*** — —

Serum uric acid — — 0.117* — — −0.335***

eGFR — — 0.088* — — —

HbA1c — — 0.081* — — —

Triglycerides — — — — — —

Total cholesterol — — — — — —

HDL cholesterol — — — — — —

LDL cholesterol — — — — — —

Adjusted R2 0.201 0.232 0.452 0.160 0.008 0.256

Model probability *** *** *** *** NS **

Abbreviations: baPWV, brachial-ankle pulse wave velocity; BP, blood pressure; DBP, diastolic BP; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein;
IMT, intima–media thickness; LDL, low-density lipoprotein; NS, not significant; SBP, systolic BP.
*Po0.05, **Po0.01, ***Po0.001.
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remains unclear, it can be speculated that our study subjects consist of
healthy normotensive individuals and there were a few subjects who
demonstrated abnormal levels of IMT.
There are several limitations in the present study. First, the study

population may not be representative of the Japanese population as a
whole. The subjects of this study resided in Minabe Town, Wakayama
Prefecture, Japan. The National Health Care expenditure for this
population is the fourth lowest in Japan, and the response rate to
specific health checkups was higher than the rates observed in other
towns. Thus, the people in this community appeared healthier than
those in other Japanese communities. Furthermore, medical (nurse or
co-medical) intervention may have affected our results. However,
regardless, we found an association between elevated SUA levels and
arterial stiffness, even among participants in this healthy community.
Second, there was a lack of information regarding the history of drug
use. We obtained the data at baseline and at the end of the follow-up
period, but not throughout the study’s duration because of this being a
retrospective cohort study. Third, it is possible that uric acid levels are
increased as a negative feedback control in response to increased
oxidative stress. Unfortunately, we did not measure the levels of
plasma NO, antioxidants, lipid peroxides or H2S at baseline or at the
end of the follow-up period. Thus, we cannot describe the association
between uric acid and oxidative stress. Fourth, alcohol intake is
strongly associated with uric acid levels, but in this study, we did not
investigate alcohol intake.

CONCLUSION

This longitudinal study assessed the effects of SUA levels on arterial
stiffness and renal function among a population-based sample of
normotensive subjects. The results of this study suggest that elevated
SUA levels may be associated with increased arterial stiffness and
reduced renal function among normotensive subjects over a 10-year
period.
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