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Abstract

It is not known if hyperuricemia is associat-
ed with early vascular changes signifying arte-
riosclerosis. We performed a cross sectional
study of 163 young adults without metabolic
syndrome in Allegheny County, PA, USA.
Doppler ultrasound was used to measure two
metrics of early arteriosclerosis: carotid artery
dimensions and aortic pulse wave velocity.
Individuals in the highest quartiles of serum
uric acid (>6.2 mg/dL for men and >4.6 for
women) were more likely to be of younger age,
and to possess greater measures of adiposity
and an adverse cardiovascular risk profile.
Higher serum uric acid concentration was
associated with larger luminal and adventitial
diameters as well as changes in diameters
between the phases of the cardiac cycle
(P<0.001) but not with carotid intima media
thickness, pulse wave velocity, or pressure
strain modulus. In multivariable linear regres-
sion models where the effects of age, ethnici-
ty, serum creatinine, systolic blood pressure,
current alcohol use, body mass index and
smoking status were accounted for, the high-
est quartile of serum uric acid was associated
with greater luminal and adventitial diameters
and change in luminal diameter between the
phases of cardiac cycle (P<0.05), but not with
pulse wave velocity, pressure strain modulus or
carotid intima media thickness. We can con-
clude that hyperuricemia is associated with
larger carotid artery diameters signifying an
early adaptive response to vascular stress. This
has implications on the observed link between
hyperuricemia and hypertension. 

Introduction

Numerous epidemiological studies have
reported that hyperuricemia is a risk factor for

hypertension suggesting a causal role.1-4 Uric
acid induces vascular smooth muscle cell pro-
liferation and in rat models of hypertension,
treatment with allopurinol has a beneficial
effect on vascular remodeling.5 On the other
hand, skeptics argue that these observations
merely reflect confounding by various comor-
bid conditions such as insulin resistance and
subclinical renal disease.6 If the link between
hyperuricemia and hypertension is indeed
causal, one would be able to document that
hyperuricemia is associated with morphologi-
cal and functional consequences of subclinical
vascular disease, independent of other risk
factors. Previous studies that addressed this
question included relatively older subjects who
had hypertension and/or metabolic syndrome.7-11

Thus the relationship between abnormal
carotid measures and uric acid has not been
very clear and has been understudied in
younger populations. We theorize that if the
uric acid-atherosclerosis link were real, early
vascular changes will be evident in young indi-
viduals who do not have hypertension and
metabolic syndrome. In this study we tested
the hypothesis that hyperuricemia is associat-
ed with carotid artery changes suggesting
early vascular disease in a community-drawn
sample of non-diseased young adult volunteers
in Allegheny county, Pennsylvania, USA. 

Materials and Methods

Study design and subjects 
This study utilized a subset of the baseline

data from a 2 year longitudinal observational
study based at the Graduate School of Public
Health, University of Pittsburgh. The institu-
tional review board of the University of
Pittsburgh approved this study. Individuals
aged 20-40 years, of either sex or any race-eth-
nic category residing in Allegheny county PA
were invited to be a part of this study by means
of newspaper advertisements, mailed flyers,
and automatic voice messages through the
University of Pittsburgh voice mail messaging
system. The exclusion criteria applied for this
study were: i) history of any cardiovascular
disease or systemic lupus erythematosus; ii)
use of cardiovascular medications (anti dia-
betic, antihypertensive, antilipemic) and iii)
thyroid related medications. Of the 207 indi-
viduals enrolled in the study, additional exclu-
sions were performed for the presence of ATP-
III defined metabolic syndrome,12 and for miss-
ing data on either uric acid or vascular meas-
ures, leaving 163 individuals for the present
analyses. 

Clinical and laboratory measures
Age, history of smoking (defined as ever-

versus never-smoking), and highest education
level achieved were assessed by questionnaire.
Physical activity was measured by Godin score
of leisure-time activity questionnaire.13 In
addition to supine blood pressure measure-
ments, 3 consecutive, seated, heart rate and
blood pressure measurements were taken at
the ultrasound examination, after 5 minutes of
rest, with a standard mercury sphygmo-
manometer and cuff sizes according to the
manufacturer’s recommendations. Staff mem-
bers who performed the seated blood pressure
measurements had been certified by a stan-
dard clinic protocol. The first measurement
was discarded, and the second and third meas-
urements were averaged. Seated blood pres-
sure variables included systolic (SBP) and
diastolic blood pressure (DBP), pulse pressure
(PP, calculated as SBP-DBP), and mean arteri-
al pressure [MAP, calculated as DBP+1/3
(PP)]. Two measurements of weight, waist cir-
cumference, and hip circumference were
assessed with a standard scale or tape meas-
ure and averaged. Body mass index was calcu-
lated by dividing the participant’s weight in
kilograms by the square of his/her height in
meters (measured with a standard stadiome-
ter). Total cholesterol, HDL cholesterol, LDL
cholesterol, triglyceride, uric acid, serum crea-
tinine and glucose values were determined
after a 12-hour fast by standard laboratory pro-
cedures. Glomerular filtration rate was esti-
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mated using Modification of Diet in Renal
Disease equation.14

Ultrasound measures and quality
control

In this study we have used three broad cate-
gories of vascular measures. The first was the
aortic pulse wave velocity (aPWV), an indirect
measure of vascular stiffness. Next were arte-
rial diameters measured during systole and
diastole, as well as the change in arterial diam-
eters across the cardiac cycle. The last meas-
ure we used was the anatomical measure of
carotid vessel wall - intima-media thickness
(IMT). All vascular studies were performed at
the Ultrasound Research Laboratory of the
University of Pittsburgh Graduate School of
Public Health by trained technologists using
standardized protocols. We have reported pre-
viously that vascular measurements performed
at this laboratory, such as carotid IMT, aPWV,
and plaques have excellent reproducibility.15-17

Measures of vascular stiffness 
Using non-directional transcutaneous

Doppler flow probes (model 810-a, 10 MHz;
Parks Medical Electronics, Aloha, OR), simul-
taneous Doppler flow signals were obtained at
right carotid and right femoral arteries after
~30 min of supine rest.15 The distance
between the carotid and femoral sites was
measured using a metal tape measure.
Distance was calculated as carotid-femoral dis-
tance = [(suprasternal–umbilicus) + (umbili-
cus-femoral)] − (carotid-suprasternal). Three
runs were performed for each participant, and
the mean of waveforms from all usable runs
was used in analyses. Data were scored using
software developed by the Laboratory of
Cardiovascular Science, Gerontology Research
Center, National Institute on Aging, which
averages the waveforms and determines the
time from the R-wave to the foot of each wave-
form. The aPWV was calculated as the carotid-
femoral distance divided by the time interval
between carotid and femoral waveforms. A
higher aPWV indicates stiffer vessels. 

Carotid intima-media thickness and
diameters 

Carotid IMT was assessed by duplex scan-
ning using a Toshiba SSA-270A scanner.
Images were taken from the near and far walls
of the distal common carotid artery (one cen-
timeter proximal to the carotid bulb), the
carotid bulb (the point at which the near and
far walls of the common carotid artery were no
longer parallel to the tip of the flow divider),
and the first 1cm of the internal carotid artery
(from the tip of the flow divider). Intimal-
medial thickening measures were obtained by
electronically tracing the lumen-intima inter-
face and the media-adventitia interface across

these segments; one measurement was gener-
ated for each pixel over the area, for a total of
approximately 140 measures for each seg-
ment. The average, standard deviation, mini-
mum and maximum values for these measures
were recorded for all 8 locations. For analyses,
the mean value of the average readings and
that of the maximum readings at all 8 locations
were used. For common carotid artery meas-
urements, the left distal common carotid artery
near and far walls were imaged, and lines were
electronically drawn along a 1 cm segment of
the lumen-intima interface and the media-
adventitia interface. The lumen diameter
(intima-intima distance) was calculated
directly from the imaged interfaces. Common
carotid inter-adventitial diameter was calculat-
ed by the following equation: lumen diameter
plus near wall thickness plus far wall thick-
ness. Change in lumen diameter was calculat-
ed as percent change in diameter between sys-
tole and diastole. 

Pressure strain modulus was defined as the
pressure needed to increase the lumen diame-
ter by 1%, with higher values reflecting stiffer
vessels. This was calculated by the following
formula:

Pressure strain modulus =

where Dp is the pulse pressure recorded at the
brachial artery, Dd is the difference between
systolic and diastolic carotid artery lumen
diameters and D is the average of these two
diameters.18

Statistical analyses
All analyses were performed using STATA

9SE® (College Station TX, USA). The vascular
measures were normally distributed. We used
ordinary least squared regressions to study the
relationships between serum uric acid meas-
urements and ultrasonographic measures,
with and without adjustment for potential con-
founders. These potential confounders were
age, gender, race, body mass index, serum cre-
atinine and systolic blood pressure. 

Results 

Table 1 shows the characteristics of the 163
study participants. Participants with higher
levels of serum uric acid were more likely to be
male, of younger age, and to have larger body
dimensions and an adverse cardiovascular risk
profile. However, there were no significant dif-
ferences among the increasing strata of serum
uric acid in terms of measures of renal func-
tion, physical activity score, and total choles-
terol. Carotid artery dimensions and hemody-
namic measures by strata of serum uric acid
are shown in Table 2. Notably, higher levels of

serum uric acid were associated with greater
carotid artery luminal and adventitial diame-
ters. There were no differences in other vascu-
lar measures by serum uric acid quartile.

Table 3 presents the results for multivariate
linear  regressions for assessing serum uric
acid as an independent correlate of each of the
vascular measures. In these regressions,
increasing serum uric acid was associated
with larger luminal and adventitial diameters
but not pulse wave velocity, pressure strain
modulus or intima media thickness.

Serum uric acid is known to vary systemati-
cally between races and genders and with
increasing age. We performed tests for two way
interactions between sex, race, age categories
(<30/≥30 years) and uric acid and found no
interactions.

Discussion

The current study demonstrates that higher
uric acid levels are associated with larger
carotid artery diameters in young adults at low
risk of carotid artery dilatation. The change in
diameter with phases of the cardiac cycle was
lesser among those with higher concentra-
tions of serum uric acid suggesting an early
impairment. Hyperuricemia was not associat-
ed with other measures of vascular health
such as aPWV and pressure strain modulus.
These findings provide clues about the patho-
physiological pathways that link hyper-
uricemia and vascular disease.

Larger luminal and adventitial carotid artery
diameters are associated with adverse cardio-
vascular risk factor levels in young and middle-
aged adults,19-21 and are also associated with an
increased risk of coronary heart disease. In the
Atherosclerosis Risk in Communities Study
population, increased adventitial diameter was
associated with prevalent coronary heart dis-
ease and incident cardiac events in both men
and women, and the associations remained
significant after adjustment for cardiovascular
risk factors.22 In the Rotterdam study, after
adjustment for carotid IMT and cardiovascular
risk factors, each SD higher baseline lumen
diameter was associated with an 11% increase
in risk of myocardial infarction.23 Arteries that
are highly dilated have a decreased capacity to
enlarge in response to a stimulus, which may
leave the arteries more vulnerable to damage
from heightened risk factor levels and more
susceptible to atherosclerosis progression. 

Arteriosclerosis is a condition that is mani-
fested by hardening of arteries and is often
associated with, and precedes hypertension.
Ultrasonography enables sophisticated evalua-
tion of the function and structure of the carotid
artery and provides critical insight into early
changes that precede hypertension.
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Table 1.  Baseline characteristics of the study participants (n=163).
Baseline serum uric acid Trend

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Test P
value*

Men <4.9 4.9-5.6 5.7-6.2 >6.2
Women <3.6 3.6-4.2 4.2-4.6 >4.6

Age in years 31 (6) 32 (6) 28 (6) 29 (6) 0.03**
Proportion of men (%) 49.1 48 47 50 0.9
Proportion of Caucasians (%) 47.1 56.1 52.1 44.1 0.10
Weight (kg) 71 (12) 73 (15) 76 (17) 91 (19) <0.001
Height (cm) 169 (8) 170 (9) 170 (9) 172 (10) 0.008
Body mass index (kg/gm2) 25 (4) 25 (4) 26 (6) 31 (6) <0.001
Waist circumference (cm) 77 (9) 79 (11) 81 (12) 93 (14) <0.001
Hip circumference (cm) 98 (8) 99 (9) 101 (10) 108 (12) <0.001
Systolic blood pressure (mm Hg) 107 (8) 108 (9) 107 (10) 111 (12) <0.01
Diastolic blood pressure (mm Hg) 67 (8) 70 (7) 68 (9) 69 (8) 0.14
Mean arterial pressure (mm HG) 80 (8) 82 (7) 81 (9) 83 (9) 0.04
Pulse pressure (mm Hg) 39 (5) 38 (7) 39 (7) 41 (10) 0.25
Fasting glucose (mg/dL) 78 (7) 79 (60 78 (7) 81 (6) 0.01
Total cholesterol (mg/dL) 168 (30) 181 (43) 171 (36) 187 (39) 0.03
Serum creatinine  (mg/dL) 1.0 (0.1) 1.0 (0.2) 1.0 (0.2) 1.0 (0.2) 0.09
Godin score of leisurely activity 53.1 (32) 50.7 (34) 59.1 (32) 43.5 (32) 0.08
Estimated glomerular filtration 94 (17) 90 (13) 93 (18) 90 (14) 0.06
rate (MDRD) mL/min/1.73 m2

All summary statistics presented are mean± (standard deviation) unless specified other-wise. *Age, sex, and race adjusted trend tested by ordinary least squares regression unless otherwise specified; **only
adjusted for race and sex.

Table 2.  Carotid artery measures of study subjects by the stratum of serum uric acid: cross sectional analyses of baseline data (n=189).
Carotid artery measure (mm unless indicated otherwise) Uric acid

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P value 
Men <4.9 4.9-5.6 5.7-6.2 >6.2 for trend*
Women <3.6 3.6-4.2 4.2-4.6 >4.6
Carotid lumen diameters

Average lumen diameter during diastole 5.5 (0.6) 5.4 (0.4) 5.6 (0.5) 5.6 (0.6 <0.001
Adventitial diameter 6.7 (0.1) 6.0 (0.1) 6.9 (0.5) 6.9 (0.6) <0.001
Intima media thickness 6.2 (0.1) 6.0 (0.1) 6.3 (0.1) 6.3 (0.1) 0.48
Percent change in lumen diameter from diastole- to systole (%) 13 (4) 12 (4) 12 (3) 12 (3) 0.51
Carotid-femoral average pulse wave velocity (cm/second) 461 (59) 489 (110) 498 (78) 483 (129) 0.51
Pressure strain modulus (kPa) 69 (25) 77 (31) 73 (28) 78 (35) 0.37
*By using ordinary least squares regression; uric acid concentration as a continuous variable 

Table 3.  Multivariable regression coefficients (± standard error) for each quartile increase in serum uric acid adjusted for age, gender,
race (white, non-white), serum creatinine, systolic blood pressure, current alcohol use, body mass index and current smoking by ordi-
nary least squares regression. The lowest quartile was the comparator group.
Carotid artery measure Uric acid

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P value 
Men <4.9 4.9-5.6 5.7-6.2 >6.2 comparing
Women <3.6 3.6-4.2 4.2-4.6 >4.6 highest to 

Average lumen diameter during diastole (mm) - -0.03 (0.11) 0.25 (0.11) 0.24 (0.11) 0.04
Percent change in lumen diameter (%) - -1.1 (0.79) -2.2 (0.01) -2.2 (0.84) 0.01
End-diastolic adventitial diameter (mm) - 0.03 (0.11) 0.27 (0.11) 0.24 (0.12) 0.04
Intima media thickness (mm) - 0.008 (0.013) -0.006 (0.013) -0.003 (0.014) 0.82
Carotid-femoral average pulse wave velocity (cm/second) - 36 (20) -2 (22) -0.2 (22) 0.99
Pressure strain modulus (kPa) - 10 (7) 13 (7) 11 (7) 0.14
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Specifically, early atherosclerosis is manifest-
ed by dilatation of carotid artery, and this in
turn is associated with plaque progression
over time.24 In this report we present, for the
first time, evidence for a pathophysiological
step  that can explain the observed epidemio-
logical link between hyperuricemia and hyper-
tension.3,25 Individuals with hyperuricemia had
wider carotid arteries that were less able to
stretch during the cardiac cycle in response to
the pressure wave, indicating a decreased
compliance of the carotid artery. Such changes
are indicative of vascular remodeling, a
response to vascular damage,26 and are also
consistent with premature aging among those
with hyperuricemia.27

The lack of associations between uric acid
and the arterial stiffness measures, aPWV and
pressure strain modulus, could be due to the
fact that these measures have more inherent
error involved in their collection. This error
can arise from the technician measured dis-
tances between carotid and femoral sites for
the aPWV measurement, and from the variabil-
ity of brachial artery blood pressure in the
pressure strain modulus measurement. An
alternative explanation could be that the
carotid dilation seen in this young study popu-
lation is very early on in the process of arte-
riosclerosis, such that it does not yet corre-
spond to a level of arterial stiffening that is
large enough to pick up with global stiffness
measures. The most prominent factor for arte-
rial stiffness is age: with increasing age, arter-
ies become stiffer equally for men and women.
With increasing age, the orderly structure of
the elastic laminae is disturbed due to thin-
ning and fracture of the elastic laminae, alter-
ations that appear to be more pronounced in
the central arteries than in the peripheral
arteries.28 It is likely that the young adults in
this study have yet to experience significant
structural changes in either central or periph-
eral arteries. 

The increased carotid diameters seen in
this study are instead likely caused by func-
tional changes, perhaps due in part to the
increased oxidative stress and impaired nitric
oxide production that occur with hyper-
uricemia.29-31 Another possible mechanism
might be inflammation.32-37

Conclusions

Limitations of this study include the cross-
sectional design and relatively small size that
precluded detection of smaller changes in
pulse wave velocity. Measurement of vascular
reactivity, if performed would have permitted a
better documentation of the effect of hyper-
uricemia on vessel wall dynamics. Adiposity is
a major determinant of several of the vascular

measurements that we performed. The use of
body mass index as a metric for adiposity is
imprecise; however, re-analyses using waist
circumference as the adiposity metric did not
change the results. 

While our observations have established an
association between wider arterial diameters
and hyperuricemia, much more work remains
to be done. Prior studies have hinted at a ben-
eficial effect of urate lowering:37-39 these need
to be confirmed and extended to all urate low-
ering treatments. The relative significance of
inhibition of XO compared to the purely urico-
suric effect of probenecid remains a matter of
great interest, as yet un-assessed in prospec-
tive studies.
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