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BACKGROUND: The association between elevated serum uric acid (SUA), cardiovascular disease (CVD) risk, and carotid athero-
sclerosis has long been explored, and contrasting results have been reported. Therefore, the role of SUA as an independent risk
factor for vascular events (VEs) and carotid atherosclerosis deserves further attention. We investigated the relationship between
SUA, incident VEs, carotid intima-media thickness (cIMT), and cIMT progression in subjects at moderate-to-high CVD risk.

METHODS AND RESULTS: In the IMPROVE (IMT-Progression as Predictors of VEs) study, 3686 participants (median age 64 years;
48% men) with > 3 vascular risk factors, free from VEs at baseline, were grouped according to SUA quartiles (division points:
244-284-328 pmol/L in women, 295-336-385 umol/L in men). Carotid-IMT and its 15-month progression, along with inci-
dent VEs, were recorded. A U-shaped association between SUA and VEs was observed in men, with 2.4-fold (P = 0.004) and
2.5-fold (P = 0.002) increased CVD risk in the first and fourth SUA quartiles as compared with the second. Adjusted hazard
ratios (HRs) for cerebro-VEs in men were the highest (first and fourth quartile versus second: HR, 5.3, P = 0.010 and HR, 4.4,
P = 0.023, respectively). SUA level was independently associated with cIMT progression in men (3 = 0.068, P = 0.014). No
significant association between SUA levels, CVD end points, and cIMT progression were found in women.

CONCLUSIONS: Both low and high SUA levels are associated with an increased risk of VEs in men at moderate-to-high CVD
risk but not in women. Only elevated SUA levels predict cIMT progression and at a lesser but not significant extent in women.
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and debate as a potential marker of cardiovascular

disease (CVD) risk. Although uric acid has been rec-
ognized to have an intrinsic antioxidative activity,! experi-
mental and clinical data suggest that elevated serum uric
acid (SUA) levels are associated with pro-oxidant effects,
endothelial dysfunction, and increased CVD risk.'

H yperuricemia has long been a subject of investigation

Since the first descriptions of a possible link between
hyperuricemia and hypertension, CVD, and kidney fail-
ure, a large number of epidemiological studies have
variably documented an association between SUA lev-
els and a wide variety of cardiometabolic complications
(eg, arterial hypertension, obesity, dyslipidemia, meta-
bolic syndrome, type 2 diabetes mellitus, ischemic heart
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CLINICAL PERSPECTIVE

What Is New?

* In patients at moderate-to-high cardiovascular
disease (CVD) risk who were free from overt
CVD at baseline, both low and high serum uric
acid (SUA) levels were associated with an in-
creased CVD risk in men, irrespective of many
potential confounders.

e A faster 15-month carotid intima-media thick-
ness progression was associated with elevation
of SUA levels, mostly in men.

What Are the Clinical Implications?

e SUA level may be an independent risk factor for
carotid atherosclerosis progression and vascu-
lar events.

e The biological mechanisms underlying sex-
and organ-specific patterns of the association
of SUA levels and CVD risk and the impact of
modulating SUA levels on different CVD end
points should be addressed in further studies.

Nonstandard Abbreviations and Acronyms

CcC common carotid

cIMT carotid intima-media
thickness

Fastest-cIMT,,, .o fastest cIMT maximum
progression

IMPROVE IMT-Progression as
Predictors of VEs

SUA serum uric acid

VEs vascular events

disease, vascular dementia, preeclampsia, chronic kid-
ney disease).? Albeit the coexistence of elevated SUA
levels and the previously reported comorbidities might
highlight a central role for UA in the cardiometabolic
scenario, this might also represent an important statis-
tical confounder of the association between SUA levels
and CVD end points. In this regard, some epidemiolog-
ical studies and meta-analyses have reported a signifi-
cant and independent association between SUA levels
and cardio vascular events (VEs).*” However, several
other studies failed to confirm such an independent
association.®® Also, Mendelian randomization studies
that investigated the possible causal relationship be-
tween SUA levels and CVD outcomes showed mixed
results.'®" Hence, investigating the association be-
tween SUA levels and CVD-based outcomes, with si-
multaneous correction for multiple confounders, might
be of added statistical and clinical value.
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Carotid artery intima-media thickness (cIMT),
measured by B-mode ultrasound, is a recognized
marker of carotid and coronary atherosclerosis'? and
is considered a useful tool for CVD risk stratification.®
Accordingly, a number of prospective studies,’* " in-
cluding the IMPROVE (IMT-Progression as Predictors
of Vascular Events) study,®' have confirmed the ability
of both cIMT and cIMT progression in predicting the
risk of future VEs in different geographical areas and
clinical settings. In addition, the fastest cIMT maximum
progression (Fastest-CIMT ., o) IN the whole carotid
tree, a robust surrogate marker of carotid atheroscle-
rosis progression, appeared to better predict incident
VEs as compared with different measures of cIMT
progression.'®

The association between SUA levels and cIMT
has been explored in several cross-sectional studies.
Although mixed results have been reported in these
studies, possibly in relation to nonhomogeneous ac-
counting for confounders across different studies,”°
the prospective association between SUA levels and
cIMT progression has never been explored so far.
Meanwhile, the conflicting results emerging from clini-
cal trials evaluating the effect of hypouricemic drugs on
cIMT progression further confuse the understanding of
the link between UA and atherosclerosis.?%-??> Thus,
additional large studies analyzing the association be-
tween SUA levels, cIMT, and cIMT progression after
correction for a consistent number of cardiometabolic
confounders were awaited.

Based on these premises and expectations, the
high prevalence of hyperuricemia in the general popu-
lation®?® and the availability of drugs capable of modify-
ing SUA levels,?* clarifying the role of SUA levels as an
independent predictor of multiple cross-sectional (eg,
baseline cIMT) and longitudinal (eg, Fastest-cIMT_,,.
progr INCident VEs) measures of CVD risk would be im-
pactful. In this regard, the IMPROVE study lends itself
to give an answer to this need. Hence, the aim of our
study was to investigate the prospective relationship
between SUA levels, baseline cIMT, cIMT progression,
and incident VEs accounting for the potential interfer-
ence exerted by a significant number of cardiometa-
bolic confounders.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Subjects

Design, objectives, sampling strategy, and methods of
the IMPROVE study have been reported elsewhere.'®
In brief, 3703 individuals (age 54-79 vyears) were
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recruited, with at least 3 CVD risk factors, but free of
any cardio- or cerebrovascular event at baseline. The
participants were enrolled at 7 centers in 5 European
countries: Finland (Kuopio, 2 centers), France (Paris),
ltaly (Milan and Perugia), The Netherlands (Groningen),
and Sweden (Stockholm).

Medical history was obtained and clinical exam-
ination was carried out. Blood sampling for laboratory
tests was performed after an overnight fast. Methods
for laboratory analyses have been previously re-
ported.'’® Glomerular filtration rate was estimated by
Cockroft-Gault formula.

The occurrence of combined VEs, including coro-
nary VEs (myocardial infarction, sudden cardiac death,
angina pectoris, any revascularization or surgical inter-
vention of the coronary arteries), cerebro-VEs (ischemic
stroke, transient ischemic attack, any revasculariza-
tion or surgical intervention of the carotid arteries), and
lower extremity artery disease events (new diagnosis of
intermittent claudication, any revascularization or sur-
gical intervention of lower limb arteries) were recorded
at months 15 and 30 by regular visits and at the end
of follow-up (average 36.2 months) by phone interview.
The occurrence of VEs and death of all participants
were validated by local specialists, and copies of med-
ical documents and death certificates were sent to a
designated specialist, who was unaware of the relevant
clinical history and C-IMT data, for adjudication. The
sample size considered for this report is 3686, because
SUA measurement was not available in 17 subjects.

Ultrasonographic Assessment
The ultrasonographic assessment of carotid arteries
of the IMPROVE study was performed as extensively
described previously.'®'® The ultrasonographic vari-
ables were measured centrally by trained readers at
the ultrasound reading center in Milan (ltaly). Baseline
ultrasound scans were performed from January 2004
to December 2005. For each participant, the 15-month
follow-up scans were performed 15 months later. Al
scans were recorded on VHS videotapes. Ultrasound
scans were all performed with 7 identical scanners
equipped with 5 to 10 MHz array probes at baseline
and follow-up in all 7 research sites. Calibration of all
devices was checked with a phantom at baseline and
after 12 months. Similarly, image storage and analysis
were the same across research sites and over time.
cIMT was assessed in the first cm of common carotid
artery proximal to the bifurcation, in the remaining part
of the common carotid (CC), in the carotid artery bi-
furcation, and in the internal carotid artery, 1 cm im-
mediately distal to the flow divider, of both left and right
carotids, as previously described.'® In each carotid
segment (1 cm length), both mean (,,.,,) and maximal
IMT were evaluated. Composite variables IMT

(max) mean’
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refer to the whole carotid tree.
ean’ Cc-lMTmean,
carotid artery bifurcation-IMT, ..., and internal carotid
artery-IMT ... IMT_,, is the greatest value among

carotid artery bifurcation-

first CC-IMT_ .., CC-IMT
IMT . and internal carotid artery-IMT IMT

IMT, . and IMT,

mean-max

IMT ean 1S the average of first CC-IMT,

mean

max’ max’
max max* mean-max

is the average of first CC-IMT,,,, CC-IMT,_,, carotid
artery bifurcation-IMT_ ., and internal carotid artery-
IMT,.... The common carotid IMT in plaque-free ar-
€88, ,.an Was also measured.

To evaluate changes of cIMT over time, ultrasono-
graphic measurements were repeated at 15 months
using the same ultrasonographic protocol (positions
and angles of ultrasound transducer with respect to
the neck) used at baseline. Carotid IMT change for
each ultrasonographic variable, expressed in mm/
year, was calculated as the difference between the
15-month measurement and the corresponding base-
line value divided by the length of the intervening time
period. The Fastest-CIMT ., o that is, the greatest

value chosen among the progressions of IMT,_ ., was

also assessed, as a measure of the maximal focal pro-
gression of cIMT.

Ethical Considerations

The Ethics Committees of all participating institutions
approved the IMPROVE study, which complied with
the Declaration of Helsinki. Written informed consent
was obtained from all participants.

Statistical Analysis

Participants have been grouped according to SUA
sex-specific quartiles (division points: 295, 366,
and 385 pmol/L [5.0, 5.7, and 6.5 mg/dL] in men;
244, 284, and 328 pmol/L [4.1, 4.8 and 5.5 mg/dL]
in women). Standard descriptive and comparative
statistical analyses have been performed. In 2-tailed
tests, probability values <0.05 have been considered
statistically significant. Bivariate correlations between
SUA levels and baseline carotid ultrasonographic
measures have been assessed and Spearman’s
correlation coefficients were reported. Multiple lin-
ear regression analyses have been performed with
each ultrasonographic measure as the dependent
variable, in the entire population and separately by
sex. Covariates were age; sex; systolic blood pres-
sure; diastolic blood pressure; body mass index;
waist-to-hip ratio; smoking status; low-density lipo-
protein cholesterol (LDL-C); high-density lipoprotein
cholesterol; triglyceride; glucose; glomerular filtration
rate; alcohol intake; meat consumption; treatment
with diuretics, lipid-lowering, antihypertensive, anti-
diabetic, anti-platelet drugs, allopurinol, or colchi-
cine; and site of subjects’ enroliment. The interaction
between sex and SUA was also explored.
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Cox regression analyses have been used to esti-
mate crude and adjusted hazard ratios (HRs). In model
1, unadjusted HRs for combined VEs, coronary VEs,
peripheral VEs (ie, lower extremity artery disease plus
cerebrovascular events), and cerebro-VEs have been
calculated for each SUA quartile. In model 2, age, sex,
body mass index, and waist-to-hip ratio have been
added as covariates. Model 3 was as model 2 plus
systolic blood pressure, diastolic blood pressure, LDL-
C, high-density lipoprotein cholesterol, triglyceride,
diabetes mellitus presence, smoking status, and glo-
merular filtration rate. In model 4, alcohol intake; meat
consumption; treatment with diuretics, lipid-lowering,
antihypertensive, antidiabetic, antiplatelet drugs, allo-
purinol, or colchicine; and site of subjects’ enroliment
have been further added along with the aforemen-
tioned covariates. Diabetes mellitus presence was also
replaced in model 3 and 4 with fasting plasma glu-
cose levels; the corresponding results were presented
only if the replacement materially changed the results.
Interaction between SUA quartiles and sex in the
prediction of each separate CVD end point was also
tested. Cox regression models have been performed
separately in men and women to calculate HRs and
95% CI. Adjusted survival functions, over a 36.2 month
follow-up, have been generated to compare event-free
survival between SUA quartiles. Logarithmic transfor-
mation was applied to skewed variables. All the anal-
yses have been performed using the SPSS statistical
package v. 22.0 (IBM Statistics, Armonk, NY).

RESULTS

The demographic and clinical characteristics of the
study participants grouped into SUA quartiles are pre-
sented in Table 1. Characteristics of the study partici-
pants by sex are reported in Tables S1 and S2. Higher
systolic blood pressure, body mass index, waist-to-hip
ratio, triglyceride, and lower high-density lipoprotein
cholesterol levels were observed with increasing SUA
quartiles. Lower total and LDL-C levels were observed
in the first SUA quartile as compared with the remain-
ing quartiles. Participants in the highest SUA quartile
had significantly higher glucose levels as compared
with those in the other quartiles.

SUA Levels, Baseline cIMT Measures, and
Fastest-cIMT

max-progr
No significant differences across SUA quartiles have
been found for the cross-sectional cIMT measures,
whereas higher Fastest-CIMT, .o, Values were
found with increasing SUA quartiles (Table 1). Linear
regression analysis including SUA levels as an inde-
pendent variable along with covariates (ie, age; sex;

systolic blood pressure; diastolic blood pressure;
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body mass index; waist-to-hip ratio; smoking status;
LDL-C; high-density lipoprotein cholesterol; triglycer-
ide; glucose; glomerular filtration rate; alcohol intake;
meat consumption; treatment with diuretics, lipid-
lowering, antihypertensive, antidiabetic, antiplatelet
drugs, allopurinol, or colchicine; and site of subjects
enrollment) did not reveal an independent asso-
ciation of SUA levels with any cross-sectional cIMT
measure (P>0.05 for all analyses). By contrast, linear
regression analysis showed an independent asso-
ciation between SUA levels and Fastest-CIMT_ ., ;oo
(B=0.056; P=0.008). When linear regression was
performed separately by sex, the independent as-
sociation between SUA and Fastest-CIMT,_,, o4 Was
significant in men (standardized 3 0.068; P=0.014)
but not in women (standardized B 0.045; P=0.117).
The interaction between SUA and sex in the predic-
tion of Fastest-cIMT, did not reach statistical

max-progr

significance (P=0.073).

SUA Levels and VEs

A total of 215 combined VEs were recorded during the
median 36.2-month follow-up period, including 125
coronary VEs, 73 cerebro-VEs, and 17 lower extrem-
ity artery disease events. Total and sex-stratified rates
of CVD end points across SUA quartiles are reported
in Table 2. As 1 coronary VE occurred in a patient for
whom SUA determination was not available, in all the
analyses, the number of combined VEs was 214 and
that of coronary VEs was 124.

Table 3 shows the crude and adjusted HRs and
95% Cls for combined VEs across SUA quartiles.
The crude HR for combined VEs was the lowest in
the second quartile of SUA levels as compared with
the other SUA quartiles, configuring a U-shaped dis-
tribution of HRs across SUA quartiles (Table 3, Model
1, Whole Group); thus, the second SUA quartile was
treated as the reference risk group. In the minimally
adjusted Cox regression model (Table 3, Model 2,
Whole Group), HRs for combined VEs were 1.51,
1.66, and 1.73 for the first, third, and fourth quartiles,
respectively (P=0.065, 0.019, and 0.011). Further ad-
justment of the Cox regression models for additional
potential confounders (Table 3, Model 3 and 4, Whole
Group) left the same U-shaped relationship between
SUA quartiles and the risk of combined-VEs, with the
significance of the association between the fourth
SUA quartile and combined VEs not reaching statisti-
cal significance both in Model 3 and 4 (HRs, 1.53 and
1.55, P=0.055 and 0.066, respectively). A significant
interaction emerged between SUA quartiles and sex
in the prediction of total combined VEs (P=0.009);
thus, we repeated the Cox regression analysis sepa-
rately in men and women. In men, the U-shaped fully
adjusted distribution of risk of combined VEs across



Mannarino et al

Uric Acid, c-IMT, and Cardiovascular Events

Table 1. Characteristics of IMPROVE Study Participants According to SUA Quartiles
SUA Quartiles Between
Groups
P Value Difference P
1st 2nd 3rd 4th for Trend Value

SUA range, pmol/L (mg/dL) <244 (<41) F 244,284 (41— 284, 328 (4.8— >328 (>5.5) F NA NA

<295 (<5.0) M 4.8 F 5.5)F >385 (>6.5) M

295, 336 (5.0- 337, 385 (5.7-6.5)
57)M M

Number of patients 921 921 923 921 NA NA
Age, y 64.7 (59.7-67.2) 64.2 (59.4-67.2) 64.5 (59.9-67.2) 64.3 (59.6-67.4) 0.95 0.72
Sex, male, % 48 48 48 48 NA NA
Current smoke, % 31.5 35.5 37.7 43.3 <0.001 <0.001
Diabetes mellitus, % 20.7 22.6 23.2 321 <0.001 <0.001
Hypertension, % 63.9 70.4 73.0 82.0 <0.001 <0.001
Obesity, % 13.8 21.9 26.5 28.9 <0.001 <0.001
Gout, % 2.8 3.3 4.7 9.0 <0.001 <0.001
Cardiac diseases, % 4.6 5.8 6.1 6.7 <0.001 <0.001
Diuretics, % 121 201 21.3 391 <0.001 <0.001
Allopurinol/colchicine, % 2.0 1.8 2.5 2.8 014 0.45
Lipid-lowering, % 53.0 4841 48.0 45.0 <0.001 <0.001
Statins, % 41.0 39.8 415 37.6 0.22 0.31
Fibrate, % 11.6 77 6.0 5.3 <0.001 <0.001
Antiplatelet, % 15.5 16.9 16.5 17.8 0.25 0.62
Angiotensin-converting 16.3 181 20.2 23.6 <0.001 <0.001
enzyme inhibitors, %
Angiotensin receptor 11.8 13.5 16.0 19.4 <0.001 <0.001
blockers, %
Beta blockers, % 1841 2141 23.2 32.5 <0.001 <0.001
Calcium-antagonists, % 15.2 14.4 16.9 18.2 0.039 0.16
Anti-inflammatory, % 17.5 191 18.6 225 0.013 0.043
Meat consumption, portions/ 3 (2-5) 3 (2-5) 4 (2-5) 4 (3-5) <0.001 0.002
wk
Alcohol consumption, g/d 5 (0-20) 5 (0-20) 5 (0-20) 10 (0-30) 0.011 0.042
Systolic blood pressure, 140 (128-152) 141 (130-153) 140 (130-152) 141 (130-154) 0.013 0.036
mm Hg
Diastolic blood pressure, 81 (75-88) 82 (75-89) 82 (76-89) 82 (76-89) 0.007 0.020
mm Hg
Body mass index, kg/m? 25.5(23.9-28.9) 26.3 (23.9-28.9) 271 (24.6-29.8) 28.4 (26.0-31.5) <0.001 <0.001
Waist-to-hip ratio 0.90 (0.84-0.95) 0.91 (0.85-0.96) 0.91 (0.86-0.97) 0.93 (0.87-0.99) <0.001 <0.001
Blood glucose, mmol/L 5.50 (5.00-6.20) 5.50 (5.17-6.78) 5.50 (5.00-6.20) 5.70 (6.17-6.78) <0.001 <0.001
Total cholesterol, mg/dL 205 (178-234) 214 (183-244) 207 (183-238) 214 (183-245) <0.001 <0.001
Triglyceride, mg/dL 98 (70-140) 107 (80-152) 119 (85-171) 141 (97-199) <0.001 <0.001
High-density lipoprotein 46 (39-56) 45 (38-54) 46 (39-56) 45 (38-54) <0.001 <0.001
cholesterol, mg/dL
Low-density lipoprotein 132 (106-159) 138 (110-166) 134 (110-162) 136 (108-164) 0.19 0.058
cholesterol, mg/dL
Glomerular filtration rate, 82 (68-96) 82 (68-96) 81 (67-97) 80 (67-95) 0.1 0.40
mL/min
IMT oy MM 0.848 0.851 0.845 0.851 0.77 0.97

(0.746-0.988) (0.736-1.000) (0.741-0.993) (0.739-1.016)
IMT, a0 MM 1.85 (1.45-2.50) 1.85 (1.39-2.50) 1.85 (1.39-2.42) 1.85 (1.45-2.51) 0.84 0.81
IMT, - san-maxs MM 1.34 (1.13-1.64) 1.33 (1.11-1.65) 1.34 (1.13-1.64) 1.35 (1.12-1.68) 0.48 0.79
Common carotid IMT in 0.705 0.699 0.698 0.704 0.67 0.79
plaque-free areas,,, mm (0.648-0.762) (0.645-0.763) (0.645-0.754) (0.644-0.761)

(Continued)
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Table 1. Continued

Fastest-carotid IMT,

max-progr!

0.184 (0.103-0.311) 0172
mm/y (0.093-0.320)

0.215 (0.114-0.375) 0.215

0.008 0.004
(0.106-0.359)

Values are median (25th, 75th percentile) or percentage. P values were calculated by Jonckheere-Terpstra and Kruskal Wallis tests. F indicates female;
IMPROVE, IMT-Progression as Predictors of Vascular Eventss; IMT, intima media thickness; max-progr, maximum progression; M, male; NA, not applicable,

and SUA, serum uric acid.

SUA quartiles was evident, with the highest risk of
combined VEs in the first and fourth SUA quartiles
as compared with the second SUA quartile (HR,
2.41, P=0.004 and HR, 2.55, P=0.002, respectively).
No significant differences in the risk of combined
VEs across SUA quartiles emerged among women
(Table 3).

HRs for coronary VEs and peripheral VEs across
SUA quartiles are presented in Tables 4 and 5, re-
spectively. Increased unadjusted rates of coronary
VEs in men were observed in the third and fourth
SUA quartiles, respectively (Table 4, Model 1); in the
minimally and fully adjusted Cox regression models
restricted to male sex, SUA levels in the fourth quar-
tile were significantly associated with coronary VEs
(Table 4, Models 2 and 4). No significant association
emerged between SUA quartiles and coronary heart
disease (CHD) risk in women. A significant U-shaped
association was observed in men, but not in women,
between SUA levels and the risk of peripheral VEs
(Table 5). Men in the first and fourth SUA quartiles
had the greatest fully adjusted HRs for peripheral
VEs (HR, 3.69, P=0.013 and HR, 3.37, P=0.020, re-
spectively) as compared with those in the second
SUA quartile (Table 5). An additional Cox regression
analysis was performed by excluding lower extremity
artery disease events from the peripheral VEs end

point. In this analysis, the U-shaped association
between SUA quartiles and cerebro-VEs was even
more evident in the total cohort and in men, but not
in women (Table 6).

Combined, coronary and cerebrovascular event-
free survival curves across SUA quartiles are pre-
sented in Figure.

DISCUSSION

In this study of subjects at moderate-to-high CVD
risk at baseline, 3 main results have been observed:
(1) a positive linear association between SUA levels
and Fastest-CIMT,,, ,oq- (2) @ U-shaped association
between SUA levels and CVD risk, and (3) a signifi-
cant impact of sex on the association between SUA
levels and both CVD and carotid atherosclerotic
progression.

We found an independent association between
SUA levels and 15-month Fastest-cIMT, ., o040 @ re-
liable measure of cIMT progression and a stronger
predictor of CVD events as compared with other
measures of cIMT progression.'® From a pathophys-
iological perspective, UA may play a key role in pro-
moting atherosclerosis and CVD by inducing oxidative
stress, LDL peroxidation, the expression of proin-
flammatory cytokines,?>?% endothelial dysfunction,?”

Table 2. Rates of Combined, Coronary, Peripheral, and Cerebrovascular Events in Serum Uric Acid Quartiles

Combined vascular events, n (%) Women 15 (3.13) 18 (3.75) 26 (5.41) 22 (4.58)
(coronary and peripheral vascular events) Men 35 (7.94) 16 (3.63) 33 (7.47) 49 (11.11)
Total 50 (5.43) 34 (3.69) 59 (6.39) 71 (7.71)
Coronary vascular events, n (%) Women 9(1.88) 10 (2.08) 13 (6.41) 12 (2.50)
Men 19 (4.31) 11 (2.49) 23 (5.20) 27 (6.12)
Total 28 (3.04) 21 (2.28) 36 (3.87) 39 (4.23)
Peripheral vascular events, n (%) Women 6 (1.25) 8 (1.67) 13 (2.70) 10 (2.08)
(C'Z‘r“éirrggfg'g Zcee;i’s‘)jise“e events and Men 16 (3.69) 5(113) 10 (2.26) 22 (4.99)
Total 22 (2.39) 13 (1.41) 23 (2.49) 32 (3.47)
Cerebrovascular events, n (%) Women 5(1.04) 5(1.04) 13 (2.70) 10 (2.08)
Men 14 (317) 3(0.68) 8(1.81) 15 (3.40)
Total 19 (2.06) 8(0.87) 21 (2.28) 25 (2.71)
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Table 3. HRs of Combined Vascular Events Across SUA Quartiles

Whole group First 50/871 1.46 (0.94-2.26) 1.51 (0.98-2.34) 1.59 (1.02-2.47)" 1.68 (1.08-2.62)"
Second 34/887 1.00 1.00 1.00 1.00

Third 59/864 1.72 (1.13-2.62)" 1.66 (1.09-2.54)* 1.58 (1.03-2.42)" 1.58 (1.03-2.42)"

Fourth 71/850 1.90 (1.25-2.88)" 1.73 (1.13-2.65)" 1.53 (0.99-2.36) 1.51 (0.97-2.35)

Women First 15/465 0.82 (0.41-1.62) 0.86 (0.43-1.71) 0.89 (0.44-1.79) 110 (0.54-2.24)
Second 18/462 1.00 1.00 1.00 1.00

Third 26/455 1.39 (0.76-2.54) 1.31 (0.71-2.39) 119 (0.65-2.19) 1.30 (0.70-2.41)

Fourth 22/458 1.05 (0.55-2.01) 0.90 (0.46-1.74) 0.76 (0.38-1.51) 0.67 (0.33-1.36)

Men First 35/406 219 (1.21- 3.96)! 2.22 (1.23-4.01)" 2.42 (1.33-4.40)t 2.41 (1.32-4.42)t
Second 16/425 1.00 1.00 1.00 1.00

Third 33/409 2.07 (114-3.75)" 2.03 (1.11-3.69)" 2.02 (1.11-8.70)" 1.95 (1.06-3.58)"

Fourth 49/392 2.86 (1.61-5.07)t 2.70 (1.51-4.81)t 2.46 (1.37-4.43)t 2.55 (1.41-4.62)t

Model 1: unadjusted. Model 2: adjusted for age, sex, body mass index, waist-to-hip ratio. Model 3: as model 2 plus, systolic blood pressure, diastolic blood
pressure, diabetes mellitus presence, smoking status, triglyceride, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, glomerular filtration
rate. Model 4: as model 3 plus alcohol intake; meat consumption; treatment with diuretics, antiplatelet, antidiabetic, lipid-lowering, antihypertensive drugs,
allopurinol, or colchicine; site of enrolment. HR indicates hazard ratio; and SUA, serum uric acid.

Replacement of diabetes mellitus presence with fasting plasma glucose did not materially affect the results *P<0.05, 1P<0.01, ¥P<0.001.

and by activating the renin-angiotensin-aldosterone
system.?829 Furthermore, inhibition of xanthine oxi-
dase, which is responsible for the reduction in UA
production and its serum levels, was found to im-
prove endothelial function'® and CVD outcomes.®°
Therefore, our results of an independent prospective
association between elevated SUA levels and IMT
progression, may support the detrimental role of ele-
vated SUA levels on the development of atheroscle-
rosis and related CVD prognosis.

A U-shaped prospective association between SUA
levels and the risk of incident cardiovascular events

was found after correction for multiple confounders. In
particular, subjects with SUA levels above or below the
SUA reference range of values (295-336 pumol/L [5.0-
5.7 mg/dL] for men and 244-284 pmol/L [4.1-4.8 mg/
dL] for women) had a 1.5- to 1.6-fold increased risk of
cardiovascular events as compared with those having
their SUA levels within the aforementioned ranges of
values.

The association between elevated SUA levels and
CVD risk has long been known. An increase in SUA
levels has been commonly observed in subjects with
traditional cardiometabolic risk factors, including

Table 4. HRs of Coronary Vascular Events Across SUA Quartiles

Whole group First 28/893 1.33 (0.75-2.34) 1.43 (0.81-2.53) 1.50 (0.85-2.66) 1.61 (0.90-2.87)
Second 21/900 1.00 1.00 1.00 1.00

Third 36/887 1.69 (0.98-2.89) 1.57 (0.91-2.69) 1.51 (0.87-2.61) 1.54 (0.90-2.67)

Fourth 39/882 1.70 (0.99-2.92) 1.42 (0.82-2.46) 1.26 (0.72-2.22) 1.31 (0.74-2.32)

Women First 9/471 0.88 (0.36-2.17) 1.01 (0.41-2.50) 1.02 (0.41-2.55) 1.55 (0.59-4.04)
Second 10/470 1.00 1.00 1.00 1.00

Third 13/468 1.21 (0.53-.77) 1.04 (0.45-2.39) 0.93 (0.40-2.17) 119 (0.50-2.81)

Fourth 12/468 0.98 (0.41-2.35) 0.68 (0.28-1.68) 0.55 (0.21-1.41) 0.51 (019-1.33)

Men First 19/422 1,72 (0.82-3.62) 1.78 (0.85-3.76) 1.89 (0.89-4.00) 1.84 (0.86-3.94)
Second 11/430 1.00 1.00 1.00 1.00

Third 23/419 210 (1.02-4.31)* 2.03 (0.99-4.17) 1.98 (0.96-4.12) 1.96 (0.94-4.08)

Fourth 27/414 2.37 (117-4.82)" 2.16 (1.06-4.44)" 1.96 (0.94-4.08) 2.10 (1.00-4.41)"

Models as in Table 3. HR indicates hazard ratio; and SUA, serum uric acid.

*P<0.05.
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Table 5. HRs of Peripheral VEs Across SUA Quartiles (Peripheral VEs Include Both LEAD and Cerebro-VEs)

Whole group First 22/899 1.68 (0.85-3.33) 1.63 (0.82-3.24) 1.75 (0.88-3.51) 1.80 (0.90-3.63)
Second 13/908 1.00 1.00 1.00 1.00
Third 23/900 1.76 (0.89-3.48) 1.80 (0.91-3.56) 1.67 (0.84-3.31) 1.63 (0.82-3.23)
Fourth 32/889 2.22 (1.15-4.28)* 2.30 (1.18-4.49)" 2.00 (1.02-3.96)" 1.81(0.90-3.62)
Women First 6/474 0.73 (0.25-2.1) 0.70 (0.24-2.02) 0.74 (0.25-2.15) 0.80 (0.27-2.40)
Second 8/472 1.00 1.00 1.00 1.00
Third 13/468 1.62 (0.67-3.91) 1.65 (0.68-4.00) 1.56 (0.64-3.79) 1.48 (0.60-3.63)
Fourth 10/470 115 (0.44-2.98) 1.24 (0.47-3.31) 1.08 (0.39-2.98) 0.90 (0.31-2.56)
Men First 16/425 3.22 (1.18-8.80)" 315(1.15-8.63) | 38.73(1.35-10.29) | 3.69 (1.32- 10.31)*
Second 5/436 1.00 1.00 1.00 1.00
Third 10/432 2.00 (0.68-5.84) 2.02 (0.69-5.92) 1.97 (0.66-5.84) 1.91 (0.64-5.71)
Fourth 22/419 3.93 (1.47-10.51)" | 3.91 (1.45-10.58)" | 3.49 (1.28-9.54)" 3.37 (1.22-9.33)t

Models as in Table 3. HR indicates hazard ratio; LEAD, lower extremity artery disease; SUA, serum uric acid; and VE, vascular event.

*P<0.05.
P<0.01.

obesity, hypertension, dyslipidemia, diabetes melli-
tus, and chronic kidney disease.®! In particular, the
association between elevated SUA levels and devel-
opment of hypertension is supported by numerous
epidemiological and pathophysiological evidences.
Genetic polymorphysms of the xanthine oxidore-
ductase are associated with hypertension.3?33 Also,
clinical studies suggest that lowering SUA may re-
duce blood pressure in hypertensive patients.343%
Possible mechanisms linking SUA levels and hyper-
tension involve the activation of renin-angiotensine-
aldosterone system, the promotion of a pro-oxidant
and proinflammatory state, a direct damage of the

Table 6. HRs of Cerebro-VEs Across SUA Quartiles

kidney afferent arteriola and the development of en-
dothelial dysfunction.3®

Several observational studies, many of whom in-
cluded in some meta-analyses, have found a direct
association between SUA levels and cardiovascular
events in the general population*” and in patients with
hypertension3"%8 or diabetes mellitus.3®

An intriguing aspect emerging from our research
was the evidence of an increased CVD risk among
subjects with extremely low SUA levels, thus config-
uring a U-shaped association between SUA levels and
incident cardiovascular events. A similar U-shaped dis-
tribution of CVD risk across different SUA levels has

2.28 (1.00-5.23)

2.44 (1.06-5.61)"

2.51(1.08-5.79)

1.00

1.00

1.00

2.66 (1.18-6.01)"

2.50 (1.10-5.66)"

2.46 (1.08-5.60)"

315 (1.40-7.09)t

2.71 (1.19-6.19)*

2.48 (1.07-5.74)"

0.93 (0.27-3.23)

0.98 (0.28-3.43)

1.03 (0.29-3.67)

1.00

1.00

1.00

2.65 (0.94-7.46)

2.49 (0.88-7.05)

2.42 (0.85-6.92)

1.98 (0.64-6.07)

1.76 (0.56-5.59)

1.60 (0.46-4.93)

4.59 (1.32-16.02)"

5.43 (1.54-19.17)t

5.34 (1.49-19.13)"

1.00

1.00

1.00

2.67 (0.71-10.11)

2.74 (0.72-10.48)

2.48 (0.64-9.57)

5.01 (1.44-17.48)*

4.50 (1.27-15.91)"

4.39 (1.22-15.80)"

Whole group First 19/902 2.34 (1.03-5.35)*
Second 21/900 1.00
Third 36/887 2.63 (1.17-5.95)"
Fourth 39/882 3.12 (1.40-6.93)"
Women First 5/475 0.97 (0.28-3.35)
Second 5/475 1.00
Third 13/468 2.62 (0.93-7.34)
Fourth 10/470 1.86 (0.63-5.56)
Men First 14/427 4.67 (1.34-16.26)"
Second 3/438 1.00
Third 8/434 2.67 (0.71-10.05)
Fourth 15/426 5.19 (1.50-17.93)
Models as in Table 3. HR indicates hazard ratio; SUA, serum uric acid; and VE, vascular event.
*P<0.05.
P<0.01.
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Figure. Combined, coronary, and cerebrovascular event-free survival in all patients and among men and women, across

SUA quartiles.
SUA indicates serum uric acid.

been observed in previous studies.®3” The ambivalent
role of UA with respect to oxidative stress should be
considered in the interpretation of this result. Indeed,
along with its pro-oxidative effects, UA has also the
ability to scavenge oxygen free radicals and pro-
tect the erythrocyte membrane from lipid oxidation.!
Furthermore, UA has the ability of chelating metal ions,
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like iron and copper, converting them to poorly reac-
tive forms.*° This latter evidence suggests that UA may
also function as an antioxidant." In agreement with a
possible protective role of UA, a randomized, placebo-
controlled trial showed that severe drug-induced
hypouricemia impaired endothelium-dependent micro-
vascular vasodilation and increased lipid peroxidation
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through loss of whole plasma antioxidant capacity.*! In
addition, both intraperitoneal and intravenous admin-
istration of UA attenuated brain injury in a rat model
of acute cerebral ischemia induced by middle cerebral
artery occlusion.*? Based on these observations, it can
be argued that both low and high UA levels could be
associated with oxidative effects, leading to a higher
risk of CVD events.

It should be noted that we found an excess CVD
risk in men at SUA levels of <295 pmol/L (<5.0 mg/
dL), the latter value representing the 25th percentile of
SUA levels in this sex category within the IMPROVE
study. In the study by Verdecchia et al*” an increased
CVD risk was found in patients with high SUA levels
(>4.6 and >6.2 mg/dL, fourth quartiles in women and
men respectively) and a nonsignificant increased CVD
risk in those with low SUA levels (<3.2 and <4.5 mg/
dL in women and men, respectively). Different char-
acteristics of the study populations and lower baseline
SUA levels in the study by Verdecchia et al®” may have
contributed to the partial discrepancy in the study re-
sults. Kuo et al® confirmed the presence of a U-shaped
association between SUA levels and CVD mortality,
with a significant increased CVD mortality also for SUA
levels below 4.9 mg/dL. Although this latter study® the
mortality end point was reported and analyses were
not stratified by sex, this results are in line with our find-
ings. Based on these elements, we should underline
that sex-based and cutoff-based differences between
our and other findings deserve further clarification. In
particular, use of stratified cutoff levels for SUA and
controlling for factors that might lead to lower SUA lev-
els (eg, malnourishment, lung disease, or frailty) should
be considered in future studies. Our study highlighted
a strong U-shaped association between SUA levels
and the risk of cerebrovascular events. Subjects with
SUA levels in the 1st quartile (lower than 295.1 umol/L
[5.0 mg/dL]) and those in the fourth quartile of SUA lev-
els (>395 pmol/L [6.5 mg/dL]) had 5.3- and 4.4-times
higher risk of cerebrovascular events than those with
SUA levels within the second quartile, respectively.

Previous epidemiological studies and meta-
analyses have shown an association between SUA
levels and stroke.*®** However, the independent as-
sociation between SUA levels and cerebrovascular
disease remains controversial, as other studies failed
to confirm such association.® Generic proatherothrom-
botic mechanisms by which hyperuricemia can inde-
pendently predict an increased incidence of stroke
have been proposed. Increased lipid peroxidation and
platelet adhesiveness, stimulation of vascular smooth
cell proliferation, vascular inflammation, and endo-
thelial cells injury are just some of proposed mecha-
nisms.*> However, oppositely to cerebrovascular risk,
the association between elevated SUA levels and CHD
risk did not reach statistically significance in the whole
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IMPROVE cohort, albeit a sort of U-shaped relationship
between SUA levels and CHD events was still evident
in men. Therefore, alternative mechanisms explaining
the greater detrimental impact of UA on cerebrovas-
cular rather than on CHD events should be hypothe-
sized. In this regard, UA has been prospectively and
pathogenetically associated with the development of
hypertension,*64” which is associated more strongly
with the risk of cerebrovascular diseases, rather than
with that of CHD. Also, it has been found that the brain
is extremely susceptible to oxidative stress.*® This is
important in the light of the frequently reported pro-
oxidative effects of UA.! Finally, an association between
SUA levels and the incidence of atrial fibrillation has
been reported,*® thus possibly contributing to increase
the risk of cardioembolic cerebrovascular events in hy-
peruricemic subjects. The proposed mechanisms by
which UA might exert its detrimental impact preferen-
tially at the cerebrovascular rather than at the coronary
level need to be verified in specifically designed large
prospective studies, allowing for more reliable analysis
of separate end points.

A significant influence of sex into the relationship
between SUA and cardiovascular events has been
observed in this study, with SUA levels being associ-
ated with risk of cardiovascular events only in men. In
agreement with our result, previous studies found an
association between SUA levels and stroke in men but
not in women.”*° However, other studies conducted in
different populations have shown a stronger association
between hyperuricemia and CVD risk in women than
in men.®%? In the meta-analysis by Zhong et al,** the
increase in SUA levels was instead associated with an
increased risk of stroke in both men and women. Large
differences in age, prevalence of cardiovascular risk
factors, and menopausal status can be noticed among
populations recruited in the different studies. In our
population, a high prevalence of hypertension and dys-
lipidemia was observed and almost all women were in
menopause. Thus, results of previous studies are hardly
comparable to ours, with respect to sex-related differ-
ences in the association between SUA levels and CVD
risk. A pathophysiological hypothesis emerging from
our study can be proposed to explain these differences.

We found that a significant independent associ-
ation between SUA levels and Fastest-CIMT, ,, ooqr
was present in men, whereas such association did
not reach statistical significance in women. This may
suggest that the harmful impact of UA on the progres-
sion of carotid atherosclerosis may be attenuated in
women, albeit the interaction between sex and SUA
did not reach formally statistical significance. How this
can happen cannot be deduced directly from our re-
sults, but some speculative hypotheses can be sug-
gested. UA metabolism is genetically regulated and
sex differences in the regulation of SUA concentrations
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have been reported.®® For example, variants of SLC2A9
and ABCG2 genes, which regulate renal and extrare-
nal urate excretion respectively, influence SUA levels
differently in men and women.%® Furthermore, distinct
patterns of metabolic alteration between sexes, likely
because of different exposure to sex hormones, might
have an impact on the greater susceptibility of men to
the deleterious effects of SUA levels on atherosclero-
sis risk.54-56 Nevertheless, it must be considered that
event rates in women are lower than in men, therefore
we cannot exclude that an association between SUA
levels, atherosclerosis progression, and CVD risk in
women would emerge with longer follow-up.

Strengths of this study need to be acknowledged.
In the present analyses, we have explored the associa-
tions between SUA levels and multiple atherosclerosis-
related end points, both clinical and subclinical. These
associations were adjusted for a large number of con-
founders including several CVD risk factors, some di-
etary habits potentially affecting SUA levels and CVD
risk, and multiple drugs, including those affecting SUA
levels. Finally, a large representative population of sub-
jects at moderate-to-high CVD risk factors, recruited
simultaneously across 5 European countries, has been
studied. Some limitations of our study must be men-
tioned as well. First, 1 single measurement of SUA
levels was performed at baseline, thus exposing this
measurement to a potential bias deriving from day-to-
day variability of SUA levels. Second, although statistical
adjustments have been made for a considerable num-
ber of potential confounding factors, residual confound-
ing from unconsidered variables cannot be excluded.
Finally, our study included subjects at moderate-to-high
CVD risk, thus all the results should be extrapolated
with caution to populations at different CVD risk.

CONCLUSIONS

In conclusion, in patients at moderate-to-high CVD risk,
free from overt CVD at baseline, both low and high SUA
levels were associated with an increased CVD risk in
men irrespective of a large number of potential con-
founders. Accelerated cIMT progression may support
the association between elevation of SUA levels and
CVD risk, mostly in men. Further, specifically designed
studies are warranted to clarify the biological mecha-
nisms underlying sex- and organ-specific patterns of the
association of SUA levels and CVD risk and the impact
of modulating SUA levels on different CVD end points.

APPENDIX

The IMPROVE Study Group

Centro Cardiologico Monzino, IRCCS, Milan Italy:
E. Tremoli, D. Baldassarre, M. Amato, B. Frigerio, A.

J Am Heart Assoc. 2021;10:e020419. DOI: 10.1161/JAHA.120.020419

Uric Acid, c-IMT, and Cardiovascular Events

Ravani, D. Sansaro, D. Coggi, F. Veglia, C. Tedesco,
N. Capra, A. Bonomi. Department of Medical
Biotechnology and Translational Medicine, Universita
di Milano, Milan, Italy: D. Baldassarre. Dipartimento di
Scienze Farmacologiche e Biomolecolari, Universita
di Milano, Milan, Italy: Laura Calabresi, C. R. Sirtori.
Cardiovascular Medicine Unit, Department of Medicine
Solna, Karolinska Institutet. Per Eriksson, Angela
Silveira, Bruna Gigante. Division of Cardiovascular and
Nutritional Epidemiology, Institute of Environmental
Medlcine, Karolinska Institutet. Karin Leander, Federica
Laguzzi. Cardiovascular Medicine Unit, Department of
Medicine Solna, Karolinska Institutet. Anders Hamsten.
Division of Cardiovascular and Nutritional Epidemiology,
Institute of Environmental Medicine, Karolinska
Institutet. UIf de Faire. Cardiovascular Genetics,
Institute Cardiovascular Science, University College
of London, Rayne Building, University Street, London,
United Kingdom. Steve E. Humphries, J. Cooper, J.
Acharya. Foundation for Research in Health Exercise
and Nutrition, Kuopio Research Institute of Exercise
Medicine, Kuopio, Finland. K. Savonen, K. Huttunen,
E. Rauramaa, I. M. Penttila, J. Térronen. Department
of Medicine, University Medical Center Groningen,
Groningen, the Netherlands; Department of Medicine,
Isala Clinics Zwolle, Zwolle, the Netherlands: Andries J.
Smit, A. I. van Gessel, A. M. van Roon, A. Nicolai, D. J.
Mulder, G. H. Smeets. Sorbonne Université, INSERM
UMR1166, cardiovascular prevention unit, AP-HP,
Groupe Hopitalier Pitie-Salpetriere, Paris, France:
Philippe Giral, Anatole Kontush, Alain Carrié, Antonio
Gallo. Institute of Public Health and Clinical Nutrition,
University of Eastern Finland, Kuopio Campus:
Sudhir Kurl, J. Karppi, T. Nurmi, K. Nyyssoénen, T.
P. Tuomainen, J. Tuomainen, J. Kauhanen. Internal
Medicine, Angiology and Arteriosclerosis Diseases,
Department of Medicine, University of Perugia,
Perugia, Italy: M. Pirro, M.R. Mannarino, G. Vaudo, V.
Bianconi, D. Siepi, G. Lupattell.

ARTICLE INFORMATION
Received December 8, 2020; accepted April 12, 2021.

Affiliations

Unit of Internal Medicine, Angiology and Arteriosclerosis Diseases,
Department of Medicine and Surgery, University of Perugia, Perugia, Italy
(M.R.M., M.P.); Unit of Cardiovascular Epidemiology, Institute of Environmental
Medicine, Stockholm, Sweden (B.G.); Division of Cardiovascular Medicine,
Department of Clinical Sciences, Danderyd Hospital, Karolinska Institutet,
Stockholm, Sweden (B.G.); Foundation for Research in Health Exercise and
Nutrition, Kuopio & Research Institute of Exercise Medicine, Kuopio, Finland
(K.S.); Department of Clinical Physiology and Nuclear Medicine, Kuopio
University Hospital, Kuopio, Finland (K.S.); Institute of Public Health and
Clinical Nutrition, University of Eastern Finland, Kuopio, Finland (S.K.); Unités
de Prévention Cardiovasculaire, Service Endocrinologie-Metabolisme,
Assistance Publique - Hopitaux de Paris, Groupe Hopitalier Pitie-Salpetriere,
Paris, France (P.G.); Department of Medicine, University Medical Center
Groningen, Groningen, the Netherlands (A.S.); Department of Medicine, Isala
Clinics Zwolle, Zwolle, the Netherlands (A.S.); Centro Cardiologico Monzino,

11



Mannarino et al

Istituto di Ricovero e Cura a Carattere Scientifico (IRCCS), Milan, Italy (F.V.,
ET., D.B); and Department of Medical Biotechnology and Translational
Medicine, Universita degli Studi di Milano, Milan, ltaly (D.B.).

Sources of Funding
None.

Disclosures
None.

Supplementary Material
Tables S1-S2

REFERENCES

1.

J Am Heart Assoc. 2021;10:e020419. DOI: 10.1161/JAHA.120.020419

Sautin YV, Johnson RJ. Uric acid: the oxidant-antioxidant paradox.
Nucleosides Nucleotides Nucleic Acids. 2008;27:608-619. DOI:
10.1080/15257770802138558.

Alderman MH. Uric acid and cardiovascular risk. Curr Opin Pharmacol.
2002;2:126-130. DOI: 10.1016/51471-4892(02)00143-1.

Kato M, Hisatome |, Tomikura Y, Kotani K, Kinugawa T, Ogino K,
Ishida K, Igawa O, Shigemasa C, Somers V. Status of endothelial de-
pendent vasodilation in patients with hyperuricemia. Am J Cardiol.
2005;96:1576-1578. DOI: 10.1016/j.amjcard.2005.07.068.

Fang J, Alderman MH. Serum uric acid and cardiovascular mortality.
JAMA. 2000;283:2404. DOI: 10.1001/jama.283.18.2404.

Bos MJ, Koudstaal PJ, Hofman A, Witteman JCM, Breteler MMB.
Uric acid is a risk factor for myocardial infarction and stroke. Stroke.
2006;37:1503-1507. DOI: 10.1161/01.STR.0000221716.55088.d4.

Kuo C-F, See L-C, Yu K-H, Chou I-J, Chiou M-J, Luo S-F. Significance
of serum uric acid levels on the risk of all-cause and cardiovascular
mortality. Rheumatology. 2013;52:127-134. DOI: 10.1093/rheumatolo
gy/kes2283.

Storhaug HM, Norvik JV, Toft |, Eriksen BO, Lechen M-L, Zykova S,
Solbu M, White S, Chadban S, Jenssen T. Uric acid is a risk factor for
ischemic stroke and all-cause mortality in the general population: a
sex specific analysis from the Tromse Study. BMC Cardiovasc Disord.
2013;13:115.

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. DOI: 10.7326/0003-4819-131-1-19990
7060-00003.

Sakata K, Hashimoto T, Ueshima H, Okayama A. Absence of an asso-
ciation between serum uric acid and mortality from cardiovascular dis-
ease: NIPPON DATA 80, 1980-1994. Eur J Epidemiol. 2001;17:461-468.
Efstathiadou A, Gill D, McGrane F, Quinn T, Dawson J. Genetically de-
termined uric acid and the risk of cardiovascular and neurovascular
diseases: a Mendelian randomization study of outcomes investigated
in randomized trials. J Am Heart Assoc. 2019;8:e012738. DOI: 10.1161/
JAHA.119.012738.

Kleber ME, Delgado G, Grammer TB, Silbernagel G, Huang J, Kramer
BK, Ritz E, Marz W. Uric acid and cardiovascular events: a Mendelian
randomization study. J Am Soc Nephrol. 2015;26:2831-2838. DOI:
10.1681/ASN.2014070660.

Amato M, Montorsi P, Ravani A, Oldani E, Galli S, Ravagnani PM,
Tremoli E, Baldassarre D. Carotid intima-media thickness by B-mode
ultrasound as surrogate of coronary atherosclerosis: correlation with
quantitative coronary angiography and coronary intravascular ultra-
sound findings. Eur Heart J. 2007;28:2094-2101. DOI: 10.1093/eurhe
artj/ehm?244.

Baldassarre D, Hamsten A, Veglia F, de Faire U, Humphries SE, Smit AJ,
Giral P, Kurl S, Rauramaa R, Mannarino E, et al. Measurements of carotid
intima-media thickness and of interadventitia common carotid diameter
improve prediction of cardiovascular events: results of the IMPROVE
(carotid intima media thickness [IMT] and IMT-progression as predictors
of vascular events in a High Risk European Population) study. J Am Coll
Cardiol. 2012;60:1489-1499. DOI: 10.1016/j.jacc.2012.06.034.

Nambi V, Chambless L, Folsom AR, He M, Hu Y, Mosley T, Volcik K,
Boerwinkle E, Ballantyne C. Carotid intima-media thickness and pres-
ence or absence of plaque improves prediction of coronary heart
disease risk. J Am Coll Cardiol. 2010;55:1600-1607. DOI: 10.1016/j.
jacc.2009.11.075.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Uric Acid, c-IMT, and Cardiovascular Events

Polak JF, Pencina MJ, Pencina KM, O’Donnell CJ, Wolf PA, D’Agostino
RB. Carotid-wall intima-media thickness and cardiovascular events. N
Engl J Med. 2011;365:213-221. DOI: 10.1056/NEJMoa1012592.
Baldassarre D, Veglia F, Hamsten A, Humphries SE, Rauramaa R,
de Faire U, Smit AJ, Giral P, Kurl S, Mannarino E, et al. Progression
of carotid intima-media thickness as predictor of vascular events.
Arterioscler Thromb Vasc Biol. 2013;33:2273-2279. DOIl: 10.1161/
ATVBAHA.113.301844.

Tavil Y, Kaya MG, Oktar SO, Sen N, Okyay K, Yazici HU, Cengel A.
Uric acid level and its association with carotid intima—media thickness
in patients with hypertension. Atherosclerosis. 2008;197:159-163. DOI:
10.1016/j.atherosclerosis.2007.03.008.

Bae JS, Shin DH, Park PS, Choi BY, Kim MK, Shin M-H, Lee Y, Chun
B, Kim S. The impact of serum uric acid level on arterial stiffness and
carotid atherosclerosis: the Korean Multi-Rural Communities Cohort
study. Atherosclerosis. 2013;231:145-151. DOI: 10.1016/j.atheroscle
rosis.2013.08.017.

Cicero AFG, Pirro M, Watts GF, Mikhailidis DP, Banach M, Sahebkar
A. Effects of allopurinol on endothelial function: a systematic review
and meta-analysis of randomized placebo-controlled trials. Drugs.
2018;78:99-109. DOI: 10.1007/s40265-017-0839-5.

Liu P, Wang H, Zhang F, Chen Y, Wang D, Wang Y. The effects of al-
lopurinol on the carotid intima-media thickness in patients with type
2 diabetes and asymptomatic hyperuricemia: a three-year random-
ized parallel-controlled study. Intern Med. 2015;54:2129-2137. DOI:
10.2169/internalmedicine.54.4310.

Higgins P, Walters MR, Murray HM, McArthur K, McConnachie A, Lees
KR, Dawson J. Allopurinol reduces brachial and central blood pressure,
and carotid intima-media thickness progression after ischaemic stroke
and transient ischaemic attack: a randomised controlled trial. Heart.
2014;100:1085-1092. DOI: 10.1136/heartjnl-2014-305683.

Tanaka A, Taguchi |, Teragawa H, Ishizaka N, Kanzaki Y, Tomiyama H,
Sata M, Sezai A, Eguchi K, Kato T, et al. Febuxostat does not delay pro-
gression of carotid atherosclerosis in patients with asymptomatic hyper-
uricemia: a randomized, controlled trial. PLoS Med. 2020;17:e1003095.
DOI: 10.1371/journal.pmed.1003095.

Chen-Xu M, Yokose C, Rai SK, Pillinger MH, Choi HK. Contemporary
prevalence of gout and hyperuricemia in the United States and decadal
trends: the National Health and Nutrition Examination Survey, 2007—
2016. Arthritis Rheumatol. 2019;71:991-999. DOI: 10.1002/art.40807.
Volterrani M, lellamo F, Sposato B, Romeo F. Uric acid lowering ther-
apy in cardiovascular diseases. Int J Cardiol. 2016;213:20-22. DOI:
10.1016/j.ijcard.2015.08.088.

Liang WY, Zhu XY, Zhang JW, Feng XR, Wang YC, Liu ML. Uric acid pro-
motes chemokine and adhesion molecule production in vascular endo-
thelium via nuclear factor-kappa B signaling. Nutr Metab Cardiovasc
Dis. 2015;25:187-194. DOI: 10.1016/j.numecd.2014.08.006.

Zhou Y, Zhao M, Pu Z, Xu G, Li X. Relationship between oxidative
stress and inflammation in hyperuricemia. Medicine (Baltimore).
2018;97:€13108. DOI: 10.1097/MD.0000000000013108.

Pirro M, Bianconi V, Schiaroli E, Francisci D, Mannarino MR, Bagaglia
F, Sahebkar A, Merriman T, Baldelli F. Elevated serum uric acid levels
are associated with endothelial dysfunction in HIV patients receiving
highly-active antiretroviral therapy. Atherosclerosis. 2018;272:101-107.
DOI: 10.1016/j.atherosclerosis.2018.03.031.

Kanbay M, Segal M, Afsar B, Kang D-H, Rodriguez-lturbe B,
Johnson RJ. The role of uric acid in the pathogenesis of human car-
diovascular disease. Heart. 2013;99:759-766. DOI: 10.1136/heart
jnl-2012-302535.

Pirro M, Bianconi V, Paciullo F, Mannarino MR, Bagaglia F, Sahebkar A.
Lipoprotein(a) and inflammation: a dangerous duet leading to endothe-
lial loss of integrity. Pharmacol Res. 2017;119:178-187. DOI: 10.1016/j.
phrs.2017.02.001.

Maclsaac RL, Salatzki J, Higgins P, Walters MR, Padmanabhan S,
Dominiczak AF, Touyz R, Dawson J. Allopurinol and cardiovascular out-
comes in adults with hypertension. Hypertension. 2016;67:535-540.
DOI: 10.1161/HYPERTENSIONAHA.115.06344.

Muiesan ML, Agabiti-Rosei C, Paini A, Salvetti M. Uric acid and car-
diovascular disease: an update. Eur Cardiol Rev. 2016;11:54. DOI:
10.15420/ecr.2016:4:2.

Yang J, Kamide K, Kokubo Y, Takiuchi S, Horio T, Matayoshi T, Yasuda
H, Miwa'Y, Yoshi M, Yoshihara F, et al. Associations of hypertension and
its complications with variations in the xanthine dehydrogenase gene.
Hypertens Res. 2008;31:931-940. DOI: 10.1291/hypres.31.931.

12


https://doi.org/10.1080/15257770802138558
https://doi.org/10.1016/S1471-4892(02)00143-1
https://doi.org/10.1016/j.amjcard.2005.07.068
https://doi.org/10.1001/jama.283.18.2404
https://doi.org/10.1161/01.STR.0000221716.55088.d4
https://doi.org/10.1093/rheumatology/kes223
https://doi.org/10.1093/rheumatology/kes223
https://doi.org/10.7326/0003-4819-131-1-199907060-00003
https://doi.org/10.7326/0003-4819-131-1-199907060-00003
https://doi.org/10.1161/JAHA.119.012738
https://doi.org/10.1161/JAHA.119.012738
https://doi.org/10.1681/ASN.2014070660
https://doi.org/10.1093/eurheartj/ehm244
https://doi.org/10.1093/eurheartj/ehm244
https://doi.org/10.1016/j.jacc.2012.06.034
https://doi.org/10.1016/j.jacc.2009.11.075
https://doi.org/10.1016/j.jacc.2009.11.075
https://doi.org/10.1056/NEJMoa1012592
https://doi.org/10.1161/ATVBAHA.113.301844
https://doi.org/10.1161/ATVBAHA.113.301844
https://doi.org/10.1016/j.atherosclerosis.2007.03.008
https://doi.org/10.1016/j.atherosclerosis.2013.08.017
https://doi.org/10.1016/j.atherosclerosis.2013.08.017
https://doi.org/10.1007/s40265-017-0839-5
https://doi.org/10.2169/internalmedicine.54.4310
https://doi.org/10.1136/heartjnl-2014-305683
https://doi.org/10.1371/journal.pmed.1003095
https://doi.org/10.1002/art.40807
https://doi.org/10.1016/j.ijcard.2015.08.088
https://doi.org/10.1016/j.numecd.2014.08.006
https://doi.org/10.1097/MD.0000000000013108
https://doi.org/10.1016/j.atherosclerosis.2018.03.031
https://doi.org/10.1136/heartjnl-2012-302535
https://doi.org/10.1136/heartjnl-2012-302535
https://doi.org/10.1016/j.phrs.2017.02.001
https://doi.org/10.1016/j.phrs.2017.02.001
https://doi.org/10.1161/HYPERTENSIONAHA.115.06344
https://doi.org/10.15420/ecr.2016:4:2
https://doi.org/10.1291/hypres.31.931

Mannarino et al

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44,

45.

J Am Heart Assoc. 2021;10:e020419. DOI: 10.1161/JAHA.120.020419

Scheepers LEJM, Wei F-F, Stolarz-Skrzypek K, Malyutina S, Tikhonoff
V, Thijs L, Salvi E, Barlassina C, Filipovsky J, Casiglia E, et al. Xanthine
oxidase gene variants and their association with blood pressure and
incident hypertension: a population study. J Hypertens. 2016;34:2147—
2154. DOI: 10.1097/HJH.0000000000001077.

McMullan CJ, Borgi L, Fisher N, Curhan G, Forman J. Effect of Uric acid
lowering on renin-angiotensin-system activation and ambulatory BP: a
randomized controlled trial. Clin J Am Soc Nephrol. 2017;12:807-816.
DOI: 10.2215/CJN.10771016.

Kim HA, Seo Y-I, Song YW. Four-week effects of allopurinol and
febuxostat treatments on blood pressure and serum creatinine
level in gouty men. J Korean Med Sci. 2014;29:1077. DOI: 10.3346/
jkms.2014.29.8.1077.

Piani F, Cicero AFG, Borghi C. Uric acid and hypertension: prognostic
role and guide for treatment. J Clin Med. 2021;10:448. DOI: 10.3390/
jcm10030448.

Verdecchia P, Schillaci G, Reboldi G, Santeusanio F, Porcellati C,
Brunetti P. Relation between serum uric acid and risk of cardiovascular
disease in essential hypertension. Hypertension. 2000;36:1072-1078.
DOI: 10.1161/01.HYP.36.6.1072.

Alderman MH, Cohen H, Madhavan S, Kivlighn S. Serum uric acid and
cardiovascular events in successfully treated hypertensive patients.
Hypertension. 1999;34:144-150. DOI: 10.1161/01.HYP.34.1.144.

Lehto S, Niskanen L, Rénnemaa T, Laakso M. Serum uric acid is a
strong predictor of stroke in patients with non—insulin-dependent diabe-
tes mellitus. Stroke. 1998;29:635-639. DOI: 10.1161/01.STR.29.3.635.
Glantzounis G, Tsimoyiannis E, Kappas A, Galaris D. Uric acid and oxi-
dative stress. Curr Pharm Des. 2005;11:4145-4151. DOI: 10.2174/13816
1205774913255.

De Becker B, Coremans C, Chaumont M, Delporte C, Van Antwerpen
P, Franck T, Rousseau A, Zouaoui Boudjeltia K, Cullus P, van de Borne
P. Severe hypouricemia impairs endothelium-dependent vasodila-
tation and reduces blood pressure in healthy young men: a random-
ized, placebo-controlled, and crossover study. J Am Heart Assoc.
2019;8:e013130. DOI: 10.1161/JAHA.119.013130.

Yu ZF, Bruce-Keller AJ, Goodman Y, Mattson MP. Uric acid protects
neurons against excitotoxic and metabolic insults in cell culture, and
against focal ischemic brain injury in vivo. J Neurosci Res. 1998;53:613—
625. DOI:  10.1002/(SICI)1097-4547(19980901)53:5<613:AID-JNR11
>3.0.C0O;2-1.

Kim 8Y, Guevara JP, Kim KM, Choi HK, Heitjan DF, Albert DA.
Hyperuricemia and risk of stroke: a systematic review and meta-
analysis. Arthritis Rheum. 2009;61:885-892. DOI: 10.1002/art.24612.
Zhong C, Zhong X, Xu T, Xu T, Zhang Y. Sex-specific relationship
between serum uric acid and risk of stroke: a dose-response meta-
analysis of prospective studies. J Am Heart Assoc. 2017;6:e005042.
DOI: 10.1161/JAHA.116.005042.

Ae R, Kanbay M, Kuwabara M. The causality between the serum uric
acid level and stroke. Hypertens Res. 2020;43:354-356. DOI: 10.1038/
$41440-019-0346-z.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Uric Acid, c-IMT, and Cardiovascular Events

Perlstein TS, Gumieniak O, Williams GH, Sparrow D, Vokonas PS,
Gaziano M, Weiss ST, Litonjua AA. Uric acid and the development of
hypertension. Hypertension. 2006;48:1031-1036. DOI: 10.1161/01.
HYP.0000248752.08807.4c.

Johnson RJ, Kang D-H, Feig D, Kivlighn S, Kanellis J, Watanabe S,
Tuttle K, Rodriguez-lturbe B, Herrera-Acosta J, Mazzali M. Is there a
pathogenetic role for uric acid in hypertension and cardiovascular and
renal disease? Hypertension. 2003;41:1183-1190. DOI: 10.1161/01.
HYP.0000069700.62727.C5.

Cobley JN, Fiorello ML, Bailey DM. 13 reasons why the brain is suscep-
tible to oxidative stress. Redox Biol. 2018;15:490-503. DOI: 10.1016/.
redox.2018.01.008.

Xu X, Du N, Wang R, Wang Y, Cai S. Hyperuricemia is independently
associated with increased risk of atrial fibrillation: a meta-analysis
of cohort studies. Int J Cardiol. 2015;184:699-702. DOI: 10.1016/j.
jjcard.2015.02.038.

Ndrepepa G, Cassese S, Braun S, Fusaro M, King L, Tada T, Schémig
A, Kastrat A, Schmidt R. A sex-specific analysis of association between
hyperuricaemia and cardiovascular events in patients with coronary
artery disease. Nutr Metab Cardiovasc Dis. 2013;23:1195-1201. DOI:
10.1016/j.numecd.2013.03.005.

Maloberti A, Giannattasio C, Bombelli M, Desideri G, Cicero
AFG, Muiesan ML, Rosei EA, Salvetti M, Ungar A, Rivasi G, et al.
Hyperuricemia and risk of cardiovascular outcomes: the experience
of the URRAH (Uric Acid Right for Heart Health) project. High Blood
Press Cardiovasc Prev. 2020;27:121-128. DOI: 10.1007/s40292-020-
00368-z.

Li J, Muraki I, Imano H, Cui R, Yamagishi K, Umesawa M, Hayama-
Terada M, Ohira T, Kiyama M, Okada T, et al. Serum uric acid and
risk of stroke and its types: the Circulatory Risk in Communities Study
(CIRCS). Hypertens Res. 2020;43:313-321. DOI: 10.1038/s4144
0-019-0385-5.

Kolz M, Johnson T, Sanna S, Teumer A, Vitart V, Perola M, Mangino
M, Albrecht E, Wallace C, Farrall M, et al. Meta-analysis of 28,141 in-
dividuals identifies common variants within five new loci that influence
uric acid concentrations. PLoS Genet. 2009;5:¢1000504. DOI: 10.1371/
journal.pgen.1000504.

Yu S, Yang H, Guo X, Zheng L, Sun Y. Hyperuricemia is independently
associated with left ventricular hypertrophy in post-menopausal women
but not in pre-menopausal women in rural Northeast China. Gynecol
Endocrinol. 2015;31:736-741. DOI: 10.3109/09513590.2015.1056730.
Zhang X, Zhu C, Gao J, Mei F, Yin J, Bu L, Cheng X, Sheng C, Qu S.
Gender difference in the relationship between serum uric acid reduction
and improvement in body fat distribution after laparoscopic sleeve gas-
trectomy in Chinese obese patients: a 6-month follow-up. Lipids Health
Dis. 2018;17:288. DOI: 10.1186/512944-018-0934-y.

Lu J, Hou XU, Yuan X, Cui L, Liu Z, Li X, Ma L, Cheng X, Xin'Y, Wang
C, et al. Knockout of the urate oxidase gene provides a stable mouse
model of hyperuricemia associated with metabolic disorders. Kidney
Int. 2018;93:69-80. DOI: 10.1016/j.kint.2017.04.031.

13


https://doi.org/10.1097/HJH.0000000000001077
https://doi.org/10.2215/CJN.10771016
https://doi.org/10.3346/jkms.2014.29.8.1077
https://doi.org/10.3346/jkms.2014.29.8.1077
https://doi.org/10.3390/jcm10030448
https://doi.org/10.3390/jcm10030448
https://doi.org/10.1161/01.HYP.36.6.1072
https://doi.org/10.1161/01.HYP.34.1.144
https://doi.org/10.1161/01.STR.29.3.635
https://doi.org/10.2174/138161205774913255
https://doi.org/10.2174/138161205774913255
https://doi.org/10.1161/JAHA.119.013130
https://doi.org/10.1002/(SICI)1097-4547(19980901)53:5%3C613:AID-JNR11%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1097-4547(19980901)53:5%3C613:AID-JNR11%3E3.0.CO;2-1
https://doi.org/10.1002/art.24612
https://doi.org/10.1161/JAHA.116.005042
https://doi.org/10.1038/s41440-019-0346-z
https://doi.org/10.1038/s41440-019-0346-z
https://doi.org/10.1161/01.HYP.0000248752.08807.4c
https://doi.org/10.1161/01.HYP.0000248752.08807.4c
https://doi.org/10.1161/01.HYP.0000069700.62727.C5
https://doi.org/10.1161/01.HYP.0000069700.62727.C5
https://doi.org/10.1016/j.redox.2018.01.008
https://doi.org/10.1016/j.redox.2018.01.008
https://doi.org/10.1016/j.ijcard.2015.02.038
https://doi.org/10.1016/j.ijcard.2015.02.038
https://doi.org/10.1016/j.numecd.2013.03.005
https://doi.org/10.1007/s40292-020-00368-z
https://doi.org/10.1007/s40292-020-00368-z
https://doi.org/10.1038/s41440-019-0385-5
https://doi.org/10.1038/s41440-019-0385-5
https://doi.org/10.1371/journal.pgen.1000504
https://doi.org/10.1371/journal.pgen.1000504
https://doi.org/10.3109/09513590.2015.1056730
https://doi.org/10.1186/s12944-018-0934-y
https://doi.org/10.1016/j.kint.2017.04.031

SUPPLEMENTAL MATERIAL



Table S1. Characteristics according to SUA guartiles in women.

Serum Uric Acid (SUA) quartiles

P value

Between groups

18t ond 3rd 4th difference
for trend P value
SUA range, umol/L (mg/di) <244 (<4.1) 244,284 (4.1,4.8) 284,328 (4.8, 5.5) >328 (>5.5) N.A. N.A.
Number of patients 480 480 481 480 N.A. N.A.
Age, years 64.5 (59.8, 67.1) 63.8 (59.4, 67.0) 65.0 (60.3, 67.5) 64.6 (59.6, 68.2) 0.24 0.31
Current smoke, % 17.7 21.9 24.7 27.3 <0.001 <0.001
Diabetes, % 15.0 13.3 20.2 32.7 <0.001 <0.001
Hypertension, % 64.9 70.4 73.2 86.3 <0.001 <0.001
Obesity, % 12.8 22.9 26.4 43.5 <0.001 <0.001
Gout, % 0.6 0.2 1.0 2.3 <0.001 <0.001
Cardiac diseases, % 4.0 6.2 6.3 7.7 <0.001 <0.001



Diuretics, %

Allopurinol/cholchicin, %

Lipid-lowering, %

Statins, %

Fibrate, %

Anti-platelet, %

Ace-inhibitors, %

Angiotensin receptor blockers, %

Beta-blockers, %

Calcium-antagonists, %

Anti-inflammatory, %

Meat consumption, portions/week

14.4

0.6

56.5

46.3

8.8

14.0

13.3

111

20.0

14.0

16.7

3(2,4)

24.2

0.2

47.5

40.6

5.6

14.4

15.8

121

23.1

14.2

17.3

3(2,5)

25.6

1.2

51.4

46.2

4.2

13.7

18.3

17.7

24.5

15.6

17.0

3(2,5)

47.9

1.0

44.8

37.5

5.0

16.5

23.1

19.6

37.1

16.9

22.7

4(2,5)

<0.001

0.20

0.002

0.040

0.008

0.34

<0.001

<0.001

<0.001

0.16

0.024

<0.001

<0.001

0.27

0.002

0.012

0.015

0.62

0.001

0.001

<0.001

0.56

0.049

0.002



Alcohol consumption, g/day

Systolic Blood Pressure, mmHg

Diastolic Blood Pressure, mmHg

Body Mass Index, kg/m?

Waist/Hip ratio

Blood glucose, mmol/L

Total Cholesterol, mg/dI

Triglyceride, mg/dl

HDL-Cholesterol, mg/dl

LDL-Cholesterol, mg/dl

GFR, ml/min

0 (0, 15)

140 (127, 152)

80 (74, 86)

24.8 (22.6, 27.3)

0.85 (0.81, 0.90)

5.1 (4.6, 5.6)

214 (185, 244)

90 (67, 126)

54 (44, 64)

138 (109, 167)

76 (65, 91)

0 (0, 10)

140 (130, 152)

80 (74, 88)

25.7 (23.2, 28.9)

0.86 (0.81, 0.91)

5.2 (4.8, 5.9)

222 (189, 252)

102 (77, 142)

52 (44, 62)

144 (116, 172)

75 (65, 88)

0 (0, 10)

141 (130, 152)

81 (75, 88)

26.8 (23.9, 29.7)

0.87 (0.83, 0.91)

5.3 (4.8-6.0)

218 (190, 249)

113 (86, 159)

51 (43, 61)

139 (113, 168)

74 (63, 89)

0(0, 11)

140 (130, 153)

81 (75, 88)

28.8 (26.0-32.4)

0.89 (0.84, 0.94)

5.6 (5.1, 6.7)

223 (191, 251)

142 (97, 196)

49 (40, 58)

140 (113, 167)

77 (63, 93)

0.80

0.014

0.014

<0.001

<0.001

<0.001

0.022

<0.001

<0.001

0.603

0.65

0.37

0.055

0.07

<0.001

<0.001

<0.001

0.030

<0.001

<0.001

0.16

0.47



IMTmean, mm 0.804 (0.715,0.919)  0.804 (0.717,0.939)  0.803 (0.709, 0.925)  0.804 (0.714, 0.923) 0.82 0.94

IMTnax, MM 1.74 (1.34, 2.32) 1.74 (1.30, 2.31) 1.74 (1.30, 2.31) 1.69 (1.35, 2.31) 0.71 0.89
IMT mean-max, MM 1.27 (1.08, 1.50) 1.26 (1.06, 1.52) 1.25 (1.07-1.50) 1.26 (1.08, 1.55) 0.97 0.91
PF CC-IMTmean, MM 0.693 (0.633, 0.746)  0.683 (0.641, 0.748)  0.689 (0.640, 0.740)  0.692 (0.637, 0.745) 0.74 0.95
Fastest-CIMT max.progr, MM/year 0.166 (0.100, 0.301)  0.158 (0.087,0.286)  0.207 (0.104,0.338)  0.169 (0.087, 0.314) 0.37 0.010

Values are median (25", 75" percentile) or percentage. P Values were calculated by Kruskal Wallis and Jonckheere-Terpstra tests.
CC, common carotid; GFR, glomerular filtration rate; HDL, high density lipoproteins; IMT, intima media thickness; LDL, low density

lipoprotein; N.A., not applicable, PF, plaque-free; SUA, serum uric acid.



Table S2. Characteristics according to SUA quartiles in men.

Serum Uric Acid (SUA) quartiles

Between groups

1st 2nd 3¢ 4th P value for trend difference
P value
SUA range, umol/L (mg/di) <295 (<5.0) 295,336 (5.0,5.7) 337, 385 (5.7, 6.5) >385 (>6.5) N.A. N.A.
Number of patients 441 441 442 441 N.A. N.A.
Age, years 65.0 (59.7, 67.3) 64.6 (59.4, 67.1) 64.0 (59.3, 67.0) 63.9 (59.3, 67.1) 0.24 0.60
Current smoke, % 46.5 50.3 51.6 60.8 <0.001 <0.001
Diabetes, % 27.0 32.7 26.5 315 0.45 0.099
Hypertension, % 62.8 70.3 73.1 77.3 <0.001 <0.001
Obesity, % 14.7 21.3 26.7 33.8 <0.001 <0.001
Gout, % 1.6 25 3.2 7.0 <0.001 <0.001
Cardiac diseases, % 5.0 5.2 5.9 13.6 <0.001 <0.001



Diuretics, %

Allopurinol/cholchicin, %

Lipid-lowering, %

Statins, %

Fibrate, %

Anti-platelet, %

Ace-inhibitors, %

Angiotensin receptor blockers, %

Beta-blockers, %

Calcium-antagonists, %

Anti-inflammatory, %

Meat consumption, portions/week

9.5

3.4

49.2

354

14.7

17.2

19.5

111

16.1

16.6

18.4

4(3,5)

15.6

3.6

48.6

39.6

10.0

19.7

20.6

15.0

18.8

15.4

21.1

4(2,5)

16.7

3.8

44.3

36.4

7.9

19.5

22.2

14.3

215

18.3

20.4

4 (3, 6)

29.5

4.8

45.1

37.6

5.7

19.3

24.0

19.3

27.4

19.7

22.2

4(3,5)

<0.001

0.298

0.12

0.68

<0.001

0.483

0.084

0.002

<0.001

0.13

0.21

0.099

<0.001

0.740

0.35

0.71

<0.001

0.771

0.39

0.008

<0.001

0.35

0.55

0.14



Alcohol consumption, g/day

Systolic Blood Pressure, mmHg

Diastolic Blood Pressure, mmHg

Body Mass Index, kg/m?

Waist/Hip ratio

Blood glucose, mmol/L

Total Cholesterol, mg/dI

Triglyceride, mg/dl

HDL-Cholesterol, mg/dl

LDL-Cholesterol, mg/dl

GFR, ml/min

10 (0, 38)

140 (129, 153)

81 (77, 88)

26.1 (24.7, 27.9)

0.94 (0.91, 0.98)

5.7 (5.1, 6.5)

196 (171, 222)

106 (76, 156)

44 (36, 51)

127 (104, 151)

88 (74, 101)

15 (0, 30)

143 (130, 154)

84 (78, 90)

26.8 (24.7, 28.9)

0.96 (0.92, 1.00)

5.8 (5.2, 6.7)

203 (176, 232)

113 (84, 172)

44 (37, 53)

131 (107, 155)

89 (74, 104)

15 (0, 40)

140 (130, 152)

83 (77, 90)

27.7 (25.4, 30.0)

0.97 (0.93, 1.02)

5.7 (5.2-6.4)

199 (176, 228)

125 (85, 181)

42 (35, 49)

130 (107, 154)

88 (75-101)

20 (0, 40)

142 (130, 155)

83 (77, 90)

28.0 (26.1-30.3)

0.99 (0.94, 1.03)

5.8 (5.3, 6.9)

205 (174, 237)

138 (99, 201)

42 (36, 49)

131 (104, 151)

84 (71, 97)

<0.001

0.31

0.17

<0.001

<0.001

0.16

0.005

<0.001

0.014

0.18

0.014

0.001

0.10

0.15

<0.001

<0.001

0.111

0.009

<0.001

0.005

0.39

0.004



IMTmean, mm 0.908 (0.791, 1.067)  0.904 (0.774, 1.043)  0.885(0.793, 1.055)  0.908 (0.777, 1.084) 0.85 0.71

IMTnax, MM 2.03 (1.55, 2.68) 2.12 (1.54, 2.78) 2.03 (1.57, 2.61) 2.04 (1.55, 2.78) 0.48 0.76
IMT mean-max, MM 1.43 (1.20, 1.74) 1.47 (1.18, 1.77) 1.45 (1.23-1.70) 1.46 (1.20, 1.81) 0.36 0.75
PF CC-IMTmean, MM 0.720 (0.660, 0.783)  0.719 (0.654, 0.779)  0.714 (0.657, 0.774)  0.719 (0.653, 0.779) 0.41 0.83
Fastest-CIMT max.progr, MM/year 0.214 (0.109, 0.327)  0.208 (0.103-0.379)  0.222 (0.127,0.395)  0.235 (0.134, 0.380) 0.004 0.03

Values are median (25", 75" percentile) or percentage. P Values were calculated by Kruskal Wallis and Jonckheere-Terpstra tests.
CC, common carotid; GFR, glomerular filtration rate; HDL, high density lipoproteins; IMT, intima media thickness; LDL, low density

lipoprotein; N.A., not applicable, PF, plaque-free; SUA, serum uric acid.



