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KEYWORDS Abstract Background and aims: Increased uric acid levels correlate with cardiovascular disease
Uric acid; and cardiovascular/overall mortality. To identify a uric acid threshold above which cardiovascular
Mortality; mortality rises, we studied the relationship between uric acid concentration and overall/cardio-
Cardiovascular vascular mortality.
mortality; Methods and results: We analyzed data from the InCHIANTI study, a cohort study of Italian
Elderly; community-dwelling people with 9 years of follow-up. We selected a sample of 947 individuals
Community- over 64 years of age, free from cardio-cerebrovascular disease and with available uric acid mea-
dwelling; surement at baseline. The sample was divided according to plasma uric acid tertiles. The Hazard
InCHIANTI study ratio (HR) for mortality was calculated by multivariate Cox proportional hazard model. Mean age
of participants was 75.3 + 7.3 years; the mean value of uric acid was 5.1 & 1.4 mg/dl. Over 9-years
of follow-up, 342 (36.1%) participants died, 143 deaths (15.1%) were due to cardiovascular dis-
ease. Subjects with higher uric acid concentrations presented a higher cardiovascular mortality
[II (4.6—5.5 mg/dl) vs I (1.8—4.5 mg/dl) tertile HR: 1.98, 95%C.L. 1.22—3.23; Il (>5.6 mg/dl) vs I
tertile HR: 1.87, 95%C.I. 1.13—3.09]. We found a non-linear association between uric acid concen-
trations and cardiovascular mortality with the lowest mortality for values of about 4.1 mg/dl and
a significant risk increment for values above 4.3 mg/dl.
Conclusion: In community-dwelling older individuals free from cardio-cerebrovascular events,
the lowest 9-year cardiovascular mortality was observed for uric acid values far below current
target values. If confirmed, these data might represent the background for investigating the ef-
ficacy of uric acid levels reduction in similar populations.
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Introduction

Uric acid (UA) is an end-product of purine metabolism.
Normal UA blood concentration is commonly reported as
3.5—7 mg/dl (0.5—1 mg/dl less in women), but its normal
range varies sensibly in agreement with different
population-based observations [1]. It is worthy of note that
UA normal range has been established only on an obser-
vational basis, without considering accurately its prog-
nostic value. The worldwide increase in mean plasma UA
levels and gout prevalence observed in the last decades [2]
seems to be related to Western diet (high consumption of
animal products, alcohol and fructose intake) [3], and
increasing medicalization (drugs impairing UA clearance).

Epidemiological data have shown a consistent associa-
tion between UA and vascular alterations (hypertension,
coronary heart disease - CHD, congestive heart failure, and
stroke) [4—7]. UA induced endothelial dysfunction results
in impaired nitric oxide production and boosted incretion
of vasoconstrictors [8] giving (at least partial) explanation
for the associations observed between UA, hypertension,
and cardiovascular diseases (CVD). Preclinical studies
found that inflammation, a well-known effect of urate
crystals, seems to occur even in presence of soluble UA
[9—11], and might play a role in promoting atherogenesis
and thrombosis [12,13]. However, although several mech-
anisms related to high UA levels might contribute to
vascular damage [1,8], it is still debated whether UA might
be just a marker of raised cardiovascular risk, without a
direct cause—effect relationship on CVD. Also the role of
UA in redox reaction in vivo is still not completely un-
derstood; in fact UA represents the main plasma antioxi-
dant, but in certain conditions it can become a potent pro-
oxidant [14].

Robust evidence supports the hypothesis that UA is
associated with both CVD incidence and mortality [15,16].
The concept that UA plasma concentration could be related
with CVD, and that detrimental effects might occur even
under the classical precipitation threshold of about 7 mg/
dl, seems to be enough to question laboratory ranges of UA
normality. Indeed, some authors already tried to infer
which concentration of UA could be clinically relevant. For
example, Zhang et al. tried to find the optimal UA cut-off
able to predict the development of metabolic syndrome
and identified this value in 6.3 mg/dl in men and 4.9 mg/dl
in women [17].

The aim of this study was to investigate the relationship
between UA concentration and CVD mortality in a sample
of elderly individuals free from CVD, with the aim of
identifying a possible threshold that might represent a UA
cut-off useful for future clinical studies.

Methods
Study cohort
Data are from subjects enrolled in the InCHIANTI (Invec-

chiare in Chianti; Aging in the Chianti area) Study, a pro-
spective population-based epidemiological study with a 9-

year follow-up conducted on a representative sample of
the population living in two towns of the Chianti area
(Greve in Chianti and Bagno a Ripoli, Tuscany, Italy). The
study was developed to investigate factors affecting
mobility in late life. Methodology of the INCHIANTI study
has been described in detail elsewhere [18].

Briefly, in August 1998, 1270 persons >65 years and 30
men and women in each decade of age between 20 and 60
years and in the age group 61—64 were randomly selected
from the population registry. Of the 1530 persons origi-
nally sampled, 1453 (94%) agreed to participate in the
study. Of these, 1343 accepted to donate a blood sample
and 1325 (86% of those originally sampled eligible)
completed the baseline data collection which started in
September 1998 and ended in March 2000. The Italian
National Research Council on Aging (INRCA) Ethical Com-
mittee ratified the study protocol and participants pro-
vided written consent to participate. The study cohort
used for the analyses presented here consisted of 947
persons of at least 65 years of age in which UA determi-
nation was not missing and who did not have a previous
cardio-cerebrovascular disease (defined as the presence of
previous myocardial infarction and/or angina and/or
stroke).

Biochemical measures

At baseline, blood samples were obtained from partici-
pants after a 12-h fast. Aliquots of serum and plasma were
stored at —80 °C and were not thawed until analyzed.
Plasma UA (mg/dl) was measured using an enzymatic-
colorimetric method (Roche Diagnostics, GmbH, Ger-
many). The lower limits of detection were 0.2 mg/dl, range
0.2—25.0 mg/dl, intra-assay and inter-assay coefficients of
variation (CV) were 0.5 and 1.7%, respectively.

Hemoglobin levels were analyzed using the hematology
automated autoanalyzer DASIT SE 9000 (Sysmex Corpo-
ration, Kobe, Japan) and white blood cells using the auto-
matic analyzer Coulter LH 750 (BECKMAN Coulter,
Instrumentation Laboratory, Milano). Creatinine levels
were determined by commercial assays (Roche Di-
agnostics, Mannheim, Germany) and creatinine clearance
was calculated according to Cockcroft—Gault equation [19].
Commercial enzymatic tests (Roche Diagnostics) were
used for determining serum total cholesterol, high-density
lipoprotein cholesterol (HDL-C) and triglycerides. Low-
density lipoprotein cholesterol (LDL-C) was calculated by
the Friedewald’s formula. High sensitivity C-reactive pro-
tein (hs-CRP) levels were measured by ELISA using purified
protein and polyclonal anti-CRP antibodies (Roche Di-
agnostics, GmbH, Mannheim, Germany), sensitivity was
0.03 mg/l and inter-assay CV was 5%.

Other measures

Socio-demographic characteristics included age and
gender. History of smoking, disability in basic activities of
daily living (BADL, defined as a lack of autonomy in at least
two of these activities) [20], diuretics use (in particular
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thiazide and loop diuretics) and antigout agents assump-
tion were ascertained from baseline interview. Daily
alcohol intake was estimated by the European Prospective
Investigation into Cancer and Nutrition Food Frequency
Questionnaire [21]. The prevalence of specific medical
conditions considered in the present study (hypertension
and type 2 diabetes) was established using standardized
criteria that combined information from self-reported
history, medical records and a clinical medical
examination.

Weight and height were measured using standard
techniques. Body mass index (BMI) was calculated as
weight (kg) divided by the square of height (m). Waist
circumference was measured to the nearest 0.5 cm using a
non-elastic plastic tape, at the level of the smallest area of
the waist between the lower rib margin and the iliac crest.

Mortality follow-up

Participants were evaluated for the 3-year (2001—2003),
6-year (2004—2006) and 9-year (2007—2009) follow-up
visits. Mortality data of the original INnCHIANTI cohort were
collected using data from the Mortality General Registry
maintained by the Tuscany Region, and the death certifi-
cates that are deposited immediately after death at the
Registry office of the municipality of residence. Cardio-
vascular mortality, based on underlying cause of death,
was defined as any cardiovascular mortality and coded
using the International Classification of Diseases, 9th
Revision (ICD-9 codes: 390—459). Subjects lost at follow-
up were 102 (10.8%) of whom 79 during the last year.

Statistical analysis

The study cohort was divided according to tertiles of UA
levels (I. 1.8—4.5 mg/dl, n = 328; II. 4.6-5.5 mg/d],
n = 315; IIl. >5.6 mg/dl, n = 304). Based on this classifi-
cation, all subjects with elevated UA concentrations, by the
current definition of hyperuricemia, were included in the
III tertile. Clinical, metabolic, and biochemical character-
istics of the study cohort were compared according to
tertiles of UA levels, using a 2 test and ANOVA model for
categorical and continuous variables, respectively.
Continuous variables with skewed distribution were log-
transformed in order to approximate a normal
distribution.

Death rates (for all-cause and for cardiovascular mor-
tality) per 1000-person years were calculated and Hazard
ratios (HR) for each tertile of UA were estimated by Cox
proportional hazard regression adjusting for potential
confounders, with the I tertile as the reference category.
We adjusted the results for variables found to be associ-
ated with UA in univariate analysis, as well as other known
risk factors for total and CVD mortality in older persons.
First (Model 1), we estimated HR and 95% confidence in-
terval (95%Cl) adjusting for age and gender. Then (Model
2), we adjusted for sex, age, smoke, alcohol, waist
circumference, hypertension, type 2 diabetes, use of di-
uretics, BADL disability, creatinine clearance, LDL-

cholesterol, and hs-CRP. Proportional hazard (PH)
assumption of Cox model was assessed calculating
Schoenfeld residuals and test; an interaction term with
time was added to the model in case of variables that do
not respect the PH assumption. Subsequently, to better
understand the behavior of CVD mortality within the
range of UA I tertile values, we re-calculated the HR by
using only two categories (i.e. greater and lower the spe-
cific cut-off). Finally, a Restricted Cubic Spline (RCS)
regression model (i.e. a continuous function consisting of k
cubic polynomial segments, where k in this case was
set = 5) has been used in Cox regression to examine the
non-linear relationship between UA and the logarithm of
HR, using UA levels as continuous data (taking UA as a
categorical variable, it is unlikely that the HR within each
category was constant). In order to exclude the outliers
(extremely low and high values of UA), we estimated the
RCS Cox regression model on a subset composed of the
central 95% of all values, that is taking into account those
observations with UA concentration between 3 and 8 mg/
dl. All analyses were performed using Stata 11.0 for Win-
dows (College Station, TX: Stata Corporation).

Results

Mean age of study participants was 75.3 + 7.3 years and
549 (58.0%) were female. The mean value of UA was
51 + 14 mg/dl. In Table 1 are presented the socio-
demographic, anthropometric, clinical, and biochemical
characteristics of the study cohort according to UA tertiles.
Subjects with higher UA levels were older, more often
males and smokers, and had a greater alcohol intake. As
expected, they had greater BMI and waist circumference,
and higher prevalence of hypertension and use of di-
uretics. UA levels were positively associated with hemo-
globin levels and with triglycerides, and negatively with
HDL-C. No significant association between UA and total
cholesterol or LDL-C was found. As regards inflammatory
markers, subjects with higher UA concentrations had
significantly higher white blood cells and hs-CRP. Subjects
belonging to the I and III UA tertiles both displayed higher
BADL disability and lower creatinine clearance compared
with those belonging to II tertile.

Over 9 years of follow-up, 342 (36.1%) participants had
died with the following division for tertiles: I. 100 events
(37.9 events/1000 person-year), II. 111 events (44.3 events/
1000 person-year), III. 131 events (58.6 events/1000
person-year). A positive trend between UA concentrations
and mortality was found, but it was not statistically sig-
nificant (Table 2).

Of the total number of deaths, 143 (15.1% of the study
cohort, 41.8% of the deaths for all causes) were due to CVD
with the following rates: 1. 26 events (9.9 events/1000
person-year), Il. 53 events (21.1 events/1000 person-year),
I1I. 64 events (28.6 events/1000 person-year). As shown in
Table 3, participants in the II and III tertiles had a greater
CVD mortality. In the final model, adjusted for age, gender,
smoking, alcohol, waist circumference, hypertension, type
2 diabetes, use of diuretics, BADL disability, creatinine
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Table 1 Socio-demographic, anthropometric, clinical, and biochemical characteristics of study participants according to uric acid tertiles.

Characteristics

Entire Sample (n = 947)  Uric Acid Tertiles (mg/dl) p-value
UA1(n=328) UA2(n=315) UA3(n = 304)
Female, N (%) 549 (58.0) 249 (75.9) 169 (53.7) 131 (43.1) <0.001
Age, mean =+ SD 753 £73 747 £7.2 75.0 £ 7.0 76.1 £ 7.7 0.049
Smoking, N (%)

Former 274 (28.9) 68 (20.7) 101 (32.1) 105 (34.5)

Current 106 (11.2) 34 (104) 38 (12.1) 34 (11.2) 0.001
Alcohol >1 drink per day, N (%) 294 (31.1) 76 (23.2) 100 (31.8) 118 (38.8) <0.001
Anthropometric indices, mean + SD

-Waist circumference, cm 925+ 10.3 88.6 + 10.3 93.2 +£9.7 96.1 +£ 9.4 <0.001

-Body mass index, Kg/m? 274 + 4.1 26.0 + 3.6 279 + 4.1 285+ 4.2 <0.001
Medical conditions, N (%)

-Hypertension 588 (62.1) 183 (55.8) 191 (60.6) 214 (70.4) 0.001

-Type 2 diabetes 49 (5.2) 22 (6.7) 12 (3.8) 15 (4.9) 0.246

-Use of diuretics 100 (10.6) 17 (5.2) 24 (7.6) 59 (19.4) <0.001
BADL disability, N (%) 77 (8.2) 26 (7.9) 15 (4.8) 36 (11.8) 0.005
Biochemical parameters:

-Hemoglobin, g/dl, mean + SD 13.7 £ 14 134 +1.2 139+ 13 139+ 1.6 <0.001

-White blood cells, K/ul, mean + SD 6.1+15 59+16 6.0+ 15 64+ 15 <0.001

-Creatinine clear, ml/min, mean & SD  63.3 + 19.3 61.8 +£17.5 66.2 + 19.0 61.8 + 21.1 0.005

-Total Cholesterol, mg/dl, mean + SD  217.6 + 39.9 219.8 + 384 2164 + 38.1 2164 + 43.1 0.453

-HDL-Cholesterol, mg/dl, mean + SD 56.2 + 15.1 60.6 + 14.5 56.2 + 14.5 514 + 14.9 <0.001

-LDL-Cholesterol, mg/dl, mean + SD 136.1 &+ 34.5 137.2 + 33.0 136.2 &+ 32.5 134.7 + 38.1 0.665

-Triglycerides, mg/dl, median [IQR] 110 [83; 147] 100 [76; 130] 105 [78; 141] 132 [98; 182] <0.001

-HS-CRP (In), pg/ml, median [IQR] 1.00 [0.26; 1.73] 0.79 [0.09; 1.69] 0.92[0.23; 1.63] 1.27[0.55; 1.83] <0.001

Table 2 Event rates for all-cause mortality according to uric acid tertiles, adjusted for potential confounders in 947 older subjects without

cardio-cerebrovascular disease.

Uric Acid (mg/dl) No. of events

Events for 1000 person-years

Model 1 - HR (CI) Model 2 - HR (CI)

. 1.8—4.5 100 379
II. 4.6-5.5 111 443
III. >5.6 131 58.6

1.00 (0.76—1.33) 1.05 (0.79—1.40)
1.18 (0.90—1.54) 1.16 (0.87—1.55)

Model 1 adjusted for sex and age. Model 2 adjusted for sex, age, smoke, alcohol, hypertension, type 2 diabetes, use of diuretics, BADL disability,

creatinine clearance, LDL-cholesterol and C-reactive protein.

clearance, LDL-cholesterol, and hs-CRP, subjects with
higher UA concentrations still presented a higher mortality
(Il vs I tertile HR: 1.98, 95%C.1. 1.22—3.23; Il vs I tertile HR:
1.87, 95%C.I. 1.13—3.09). These results were unchanged
after exclusion of few subjects taking antigout therapy.
Successively, we analyzed the relationship between UA
levels and 9-year CVD mortality by a RCS regression model
(Fig. 1); the risk at UA value of 4.1 mg/dl (lowest risk) was
taken as reference for the HR. A non-linear association
between UA concentrations and CVD mortality risk was
found. CVD mortality was high for lower UA values but
progressively decreased with UA rising, with the lowest
mortality for UA values of about 4.1 mg/dl; then, CVD

mortality gradually and proportionally increased with UA
concentrations, becoming stable for values around 5 mg/dl
and over. The boundaries of the 95% CI indicated that the
decrease in log (HR) was not statistically significant. A
significantly higher than 0 log (HR) was reported for UA
values greater than 4.3 mg/dL. Data about all-cause and
cardiovascular mortality are also shown in Supplementary
Fig. S1 as Kaplan-Meier survival analysis and event rates
after 9 years of follow-up.

Finally, in order to identify the true critical threshold for
CVD mortality within the range of UA values belonging to
the I tertile, we considered different cut-off points and
calculated the HR of two UA categories (greater and lower

Table 3 Event rates for cardiovascular mortality according to uric acid tertiles, adjusted for potential confounders in 947 older subjects without

cardio-cerebrovascular disease.

Uric Acid (mg/dl) No. of events

Events for 1000 person-years

Model 1 - HR (CI) Model 2 - HR (CI)

I. 1.8—4.5 26 9.9
II. 4.6-5.5 53 211
IIl. >5.6 64 28.6

1.99 (1.24-3.20)
2.27 (1.42-3.61)

1.98 (1.22—3.23)
1.87 (1.13—3.09)

Model 1 adjusted for sex and age. Model 2 adjusted for sex, age, smoke, alcohol, hypertension, type 2 diabetes, use of diuretics, BADL disability,

creatinine clearance, LDL-cholesterol and C-reactive protein.
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Figure 1 Relationship between serum uric acid levels and 9-year
cardiovascular mortality (data shown are adjusted for sex, age,
smoke, alcohol, hypertension, type 2 diabetes, use of diuretics, BADL
disability, creatinine clearance, LDL-cholesterol and C-reactive protein).

the fixed cut-off values). Table 4 shows, for each cut-off of
UA value, the HR for the higher UA class compared to the
lower one (reference); the last cut-off point after which
the significance disappears was 4.3 mg/dl, thus confirming
this value as the cut-off point beyond which the risk of
CVD mortality became significant.

Discussion

We investigated the relationship between UA levels and 9-
year mortality in a large sample of community dwelling
elderly individuals free from previous cardio-
cerebrovascular events.

The first very interesting finding of the study was that
subjects with UA greater than 4.3 mg/dl, a UA value
currently considered as absolutely “normal”, displayed a
significant increase in 9-year CVD mortality risk; the
relationship was strong (about twofold HR) and indepen-
dent of important confounders. Several studies have pre-
viously found an association between hyperuricemia and
CVD mortality. Indeed, Kim et al demonstrated an
increased CHD mortality in hyperuricemic patients [15]
and Zhao et al found an association between CVD mor-
tality and UA levels, while a significant correlation with
all-cause mortality emerged only in men [16]. The two
major limitations of the studies analyzed in these meta-

Table 4 Hazard ratios estimated by Cox regression model by using
two categories of uric acid levels based on different cut-off values,
all belonging to the I tertile. All reported HR refers to values greater
than the indicated cut-off.

Uric Acid cut-off (mg/dl) HR 95% CI p-value
4.5 1.93 1.23-3.04 0.004
4.4 2.11 1.31-3.39 0.002
43 1.82 1.13-2.93 0.013
4.2 1.61 0.99-2.61 0.054
41 1.57 0.96—2.57 0.075

Models are adjusted for age, gender, smoke, alcohol, hypertension,
type 2 diabetes, use of diuretics, BADL disability, creatinine clear-
ance, LDL-cholesterol, and C-reactive protein.

In bold the p-values statistically significant.

analyses are the broad variability in hyperuricemia defi-
nition, and the lack of adequate correction for strong
confounders (e.g. medications and previous CVD events).
Another study conducted on a very large number of sub-
jects enrolled in the third NHANES found, besides the as-
sociation between gout and CVD mortality, that the
adjusted HR per 1 mg/dl increase in UA was 1.16 (95% CI
1.10—1.22) for total and CVD mortality [22]. A recent meta-
analysis demonstrated a 15% increase in CVD mortality for
an increase of 1 mg/dl in UA levels; the definition of hy-
peruricemia ranged from 5.6 to 7.7 mg/dl in males, and
from 4.7 to 7.0 mg/dl in females [23]. Wu et al. demon-
strated that high UA levels were associated with greater
risk of all cause and CVD mortality in older adults; in this
case the cut-off points were set a priori at 7.0 mg/dl for
men and 6.0 mg/dl for women [24]. However, as recently
underlined by Borghi et al., although many studies have
been published on this topic (all unanimous in demon-
strating the association between hyperuricemia and CVD)
they are really heterogeneous as regards study population,
time of follow-up, and UA cut-off points (i.e. tertiles,
quartiles, predefined threshold of 7 mg/dl) [25]. Based on
the available data, these authors identified in 6 mg/dl a
possible clinically meaningful UA cut-off, above which CVD
risk would significantly increase.

A second finding of our study was the association be-
tween lower UA levels and increased CVD mortality. A “J-
shaped” relationship between all-cause mortality and
serum UA concentrations had already been observed in
hemodialysis patients; both patients in the highest UA
quintile (>9 mg/dl) and in the lowest one (<6.5 mg/dl) had
higher risk of mortality compared with the middle three
quintiles [26]. Another study, performed on patients with
high CVD risk, demonstrated an increased overall/CVD
mortality risk in patients in the I (<4.5 mg/dl) and III
(>8.2 mg/dl) UA tertile compared with the second one
[27]. Interestingly, we found that BADL disability and
creatinine clearance worsened in subjects with low UA
concentrations; similarly, previous studies pointed out a
non-linear association between UA values and functional
status. Huang et al., by analyzing the relationship between
UA levels and muscle strength, found a J-shaped relation,
with the worse performance in subjects belonging to the I
and IV UA quartiles compared to the central ones [28]. We
do not have a convincing explanation for this kind of as-
sociation. Since it is known that UA has also antioxidant
properties, it is possible that very low UA levels might be
associated with a lower ability to counteract oxidative
stress and damage.

On the whole, our study expands previous literature on
the relationship between UA and CVD mortality for two
main reasons. First, individuals with previous cardio/ce-
rebrovascular events were excluded in order to reduce the
possible confounding effects of CVD and to understand the
possible interest of UA level modification in primary CVD
prevention. Another study, similarly performed in older
subjects free from CVD, renal dysfunction or diuretic use,
found UA concentrations greater than 7.0 mg/dl to be
associated with higher CVD mortality; but once again, this
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cut-off was chosen just because it is commonly used to
define hyperuricemia [29]. Second, unlike previous
studies, we specifically searched for a possible UA cut-off
value, and found that CVD mortality risk significantly
increased for values of UA over 4.3 mg/dl, a threshold that
is much lower than previously reported.

Based on our results, we could hypothesize a new and
much more clinically relevant definition of “hyperurice-
mia”, based not on the risk of developing gout or on
population distribution, but on the evidence that CVD
mortality significantly increases over a specific cut-off. If
confirmed by further observations, our results might
support the possibility of a future change from “normal”
UA levels (actual definition) to “desirable” UA levels;
indeed, UA concentrations previously regarded as normal
might be considered as a CVD risk factor with possible
therapeutic implications.

With regards to this crucial point, there are no studies
showing the efficacy of UA lowering on reducing mortality.
For both allopurinol and febuxostat, instead, some studies
demonstrated the efficacy on some cardiovascular end-
points [30]. In asymptomatic hyperuricemic patients,
allopurinol improved systolic blood pressure and endo-
thelial dysfunction, two important CVD risk factors [31].
Among the beneficial effects of allopurinol, it is note-
worthy the increase of myocardial efficiency in patients
with dilated cardiomyopathy [32], the improvement of
endothelium-dependent vasodilation, and the reduction in
vascular oxidative stress in patients with stable coronary
artery disease [33]. Febuxostat has shown positive car-
diovascular effects too [34]; in particular, in patients with
severe tophaceous gout, febuxostat, but not allopurinol,
prevented the increase of carotid-femoral pulse wave ve-
locity [35]. Moreover, Sezai at al. found that febuxostat had
reno-protective effect, inhibited oxidative stress, showed
anti-atherogenic activity, had anti-hypertensive effects,
preventing vascular endothelial damage in high-risk car-
diac surgery patients with hyperuricemia [36].

Finally, some limitations of our study should be
acknowledged. First, although our data were longitudinal
(9 years follow-up) and adjusted for several important
confounders, we cannot rule out the possibility that our
results were influenced by factors not considered in our
analysis. As a consequence, we cannot infer for certain a
causal relation between high UA levels and increased CVD
mortality. Second, the total number of CVD deaths was
relatively limited, thus precluding the possibility of further
stratifying the sample, e.g. by gender.

In conclusion, we found that in community dwelling
older individuals free from previous cardio-
cerebrovascular events, the lowest 9-year CVD mortality
was observed for UA values of about 4.1 md/dl. Moreover,
UA concentrations >4.3 mg/dl, a value currently consid-
ered “normal”, were associated with a significant and in-
dependent increase in the risk of CVD death. These
findings, if confirmed, might represent the background for
investigating the efficacy of UA levels reduction in CVD
primary prevention in high risk individuals.
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