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Serum Uric Acid and Risk of
Cardiovascular Mortality: A Prospective
Long-Term Study of 83 683 Austrian Men
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Gunter Diem,® Karl Pfeiffer,’ Hanno Ulmer, "¢ and the VHM&PP Study Group

BACKGROUND: The role of serum uric acid (SUA) as an
independent risk factor for cardiovascular disease
(CVD) remains controversial, and little is known about
its prognostic importance for mortality from conges-
tive heart failure (CHF) and stroke. Few large-scale ep-
idemiologic studies with sufficient follow-up have ad-
dressed the association of SUA and CVD mortality in
apparently healthy men across a wide age range.

METHODS: A cohort of 83 683 Austrian men (mean age,
41.6 years) was prospectively followed for a median of
13.6 years. We used Cox proportional hazards models
adjusted for established risk factors to evaluate SUA as
an independent predictor for CVD mortality.

resuLts: The highest quintile of SUA concentration
(>398.81 umol/L) was significantly related to mortal-
ity from CHF (P = 0.03) and stroke (P <0.0001); ad-
justed hazard ratios (95% confidence interval) for the
highest vs lowest quintiles of SUA were 1.51
(1.03-2.22) and 1.59 (1.23-2.04), respectively. SUA
was not associated, however, with mortality from
acute, subacute, or chronic forms of coronary heart
disease (CHD) after adjustment for potential con-
founding factors (P = 0.12). Age was a significant effect
modifier for the relation of SUA to fatal CHF (P =
0.05), with markedly stronger associations found in
younger individuals.

concLusions:  Our study demonstrates for the first
time in a large prospective male cohort that SUA is
independently related to mortality from CHF and
stroke. Although increased SUA is not necessarily a
causal risk factor, our results suggest the clinical impor-
tance of monitoring and intervention based on the

presence of an increased SUA concentration, especially
because SUA is routinely measured.
© 2007 American Association for Clinical Chemistry

Despite recent substantial decreases in age-standard-
ized mortality in Western countries, cardiovascular
disease (CVD)” remains the leading cause of mortality
worldwide, and cardiac failure is increasingly preva-
lent, particularly among older people (1, 2). Increased
serum uric acid (SUA) concentrations have consis-
tently been reported to be associated with the progres-
sion of CVD, and SUA concentrations have been doc-
umented over the past 5 decades to be modestly higher
in patients with coronary heart disease (CHD) than in
healthy control individuals (3-5). Much controversy
exists, however, as to whether SUA is an independent
risk factor, because a pathophysiological link between
hyperuricemia and subsequent cardiovascular compli-
cations has yet to be confirmed and because SUA is
related to many of the established risk factors, includ-
ing hypertension, dyslipidemia, obesity, and excessive
alcohol consumption (6). Because of very controver-
sial epidemiologic findings and a lack of consistent ev-
idence, the role of SUA as an independent and causal
risk factor for cardiovascular events remains unclear
(7,8).

On the one hand, several studies (9—18 ) have dem-
onstrated an independent association between SUA
and cardiovascular risk in general populations, sug-
gesting that SUA may be an important causal agent for
adverse cardiovascular outcomes. Conversely, differ-
ent epidemiologic investigations (19-24), including
the Framingham Heart Study (20 ), have indicated that
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uric acid per se does not play a causal role in the devel-
opment of CHD, death from CVD, or death from all
causes, after adjustment for well-established cardiovas-
cular risk factors. Instead, these studies suggested that
apparent associations are likely attributable to a corre-
lation of SUA with other confounding risk factors for
CVD (25, 26). Differences in the compositions of the
populations studied, length of follow-up, study end-
points, and statistical adjustment for confounding
variables may all have contributed to the conflicting
conclusions that have been drawn from earlier studies;
the lack of consistent evidence in several previous in-
vestigations may also have been due to insufficient
sample sizes and infrequent events.

In the present long-term study, we prospectively
investigated the relationship of SUA concentration
with mortality from CHF, CHD, and stroke in a large
cohort of Austrian men by analyzing health-examina-
tion data from the Vorarlberg Health Monitoring and
Promotion Program (VHM&PP), one of the world’s
largest ongoing population-based risk-factor surveil-
lance programs. Although previous studies have inves-
tigated the relationship between SUA and CHD, stroke,
and CVD in total, this study is the first large-scale in-
vestigation to explore the association of SUA with CHF
mortality in a general population of apparently healthy
men across a wide age range.

Materials and Methods

STUDY POPULATION

The VHM&PP (27-29) is a prospective, multicenter,
population-based risk-factor surveillance program lo-
cated in Vorarlberg, the westernmost province of Aus-
tria. The VHM&PP is routinely performed by the
Agency for Social and Preventive Medicine and essen-
tially addresses all adults in the entire province. Partic-
ipation in the health examination is voluntary and con-
ducted in a standardized manner only by trained local
physicians and internists. The program routinely in-
cludes the recording of sociodemographic data, a phys-
ical examination with a fasting blood sample, and con-
sultation with a physician. Costs are covered by the
participant’s health insurance (compulsory). All adults
of the region were invited to participate via a combina-
tion of different measures, such as written invitations
and television, radio, and newspaper reports. A more
detailed description of the program methods has been
reported elsewhere (27-29). For this study, institu-
tional review board approval was obtained by the Eth-
ics Committee of the province of Vorarlberg.

Between 1985 and 2005, 85 035 male adult Vor-
arlberg residents (age >18 years; mean, 41.6 years)
were enrolled in the VHM&PP cohort. Relative to the
population numbers measured at the national census
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in 1991 (Statistik Austria), nearly 74% of all resident
men in the province underwent at least 1 examination
during the study period. The vast majority of study
participants were of Austrian origin. Although migrant
workers were also included, the proportion of partici-
pants of non-Austrian origin is <10%. All participants
gave signed informed consent to have personal data
stored and processed. The current analyses were re-
stricted to 83 683 participants with complete and valid
SUA data at enrollment. For this reason, 1 352 partici-

pants (1.6%) were excluded from the present study.

MEASUREMENTS AND DEFINITIONS

Measurements of height, weight, blood pressure, total
cholesterol, triglycerides, blood glucose, y-glutamyl-
transferase (GGT), SUA, and smoking status were rou-
tinely obtained for each participant. Individuals who
reported smoking at least 1 cigarette per day during the
year before examination were classified as current
smokers. Two central laboratories that underwent reg-
ular internal and external quality-control procedures
carried out enzymatic measurements of total choles-
terol, triglycerides, GGT, and blood glucose and per-
formed SUA measurements on fasting blood samples.
Blood samples were centrifuged for 15 min at 3309g
within 60-240 minutes of venipuncture. Subse-
quently, we enzymatically measured uric acid concen-
trations of all samples on an RXL Chemistry Analyzer
(Dade) by monitoring the loss of absorbance at 293 nm
following uricase treatment (30 ). To check calibration,
we included 3 control samples daily. If the mean values
for the control samples of each run were not within 3%
of the expected value, the run was repeated. Day-to-day
variation (CV) was <5%. Study participants were clas-
sified according to the quintiles of the SUA concentra-
tion distribution with the following cutoff values:
273.81 pmol/L (lowest quintile), 315.48 pwmol/L,
351.19 pmol/L, 398.81 umol/L, and >398.81 pwmol/L
(highest quintile).

Systolic and diastolic blood pressures were mea-
sured twice with a mercury sphygmomanometer on
the right arm of study participants after they had as-
sumed a sitting position. The mean of the 2 measure-
ments was used for each blood pressure variable. Hy-
pertension was defined as a diastolic blood pressure
=95 mmHg or a systolic blood pressure =160 mmHg.

ENDPOINTS

By the end of 2005, our database had recorded 7 243
deaths, of which 3 007 (41.5%) were related to cardio-
vascular or cerebrovascular events. The date and cause
of death were provided by the local health authority
and were linked in the database with the use of a vali-
dated procedure. All deaths were identified from death
certificates that were confirmed by authorized physi-
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cians only. Autopsies were performed in cases of an
unclear cause of death. For analyses, we grouped deaths
from CVD into the following subgroups according to
the International Classification of Diseases, 9th and
10th Revisions (ICD-9, ICD-10): acute and subacute
forms of CHD (ICD-9 410, 411; ICD-10 121-124);
chronic forms of CHD, including occlusive CHD and
its complications [ICD-9 412-414; ICD-10 120, 125
(except 125.5)]; CHF related to coronary artery disease
(CAD) (ICD-9 428; ICD-10125.5,150); CHF unrelated
to CAD (ICD-9 425, 429.0, 429.1, 429.3; ICD-10 142,
143, 151.5, I51.7); hemorrhagic stroke (ICD-9
430-432; ICD-10 160-162); ischemic stroke (ICD-9
433-435, 437, 438; ICD-10 163, 165-169); undefined
stroke (ICD-9 436; ICD-10 164); and other CVD
(ICD-9 390-399, 401-405, 420424, 426, 427, 429.9,
440-447; ICD-10 10-115, 130-141, 144-149, I51.0,
151.4,151.8,151.9, 170-174).

STATISTICAL ANALYSIS

To evaluate associations of SUA concentration with es-
tablished cardiovascular risk factors, we calculated age-
adjusted partial correlation coefficients and used step-
wise multiple regression models. GGT and triglyceride
data were logarithmically transformed so that para-
metric analytical techniques could be used. We used
Cox proportional hazards models adjusted for age,
body mass index, systolic and diastolic blood pressure,
total cholesterol, triglycerides, GGT, blood glucose,
smoking status, and year of examination to compute
hazard ratios with 95% confidence intervals for SUA
quintiles. In addition, we estimated hazard ratios for
unit increases in SUA concentration and carried out
significance testing with a Wald ) test on SUA unit
changes. We used the same Cox models in subgroup
analyses for different categories of fatal CVD events in
hypertensive study participants and according to age
groups. The proportional hazards assumption was ful-
filled for all models. The significance testing of age as an
effect modifier of the relationship between SUA and
CVD mortality was done through the assessment of
multiplicative interaction terms in the models. Proba-
bility values <0.05 were considered to indicate statisti-
cal significance. All statistical analyses were performed
with SPSS software, version 14.0.

Results

CHARACTERISTICS OF THE STUDY POPULATION AT BASELINE

The demographic and clinical characteristics of the
study population are summarized in Table 1. The study
cohort consisted of 83 683 male adult participants with
complete and valid SUA data; the participants were
prospectively followed up for a median of 13.6 years
(total time at risk, 1.04 X 10° person-years). The vast

majority of participants (94.1%) were followed up for
at least 2 years after baseline SUA measurements, and
64.1% had follow-up times of 10 years or more. The
mean age at study entry was 41.6 years. The total mor-
tality was 8.7%, and the mortality from CVD was 3.6%.
The distribution of SUA concentrations at baseline is
shown in Fig. 1. SUA concentration showed an approx-
imately gaussian distribution (range, 65.5-1071.4
umol/L; mean (SD), 338.2 (76.5) pmol/L).

ASSOCIATION OF SUA WITH ESTABLISHED RISK FACTORS

SUA concentration was significantly correlated with
most established cardiovascular risk factors (Table 2).
The strongest age-adjusted correlation was observed
between SUA and GGT (r = 0.28; P <0.001). SUA was
also positively correlated with triglycerides (r = 0.27),
body mass index (r = 0.25), total cholesterol (r = 0.18),
systolic and diastolic blood pressure (both r = 0.15),
and smoking (r = 0.11; all P values <0.001) and nega-
tively correlated with blood glucose (r = —0.14; P =
0.004). In a stepwise, multiple regression analysis that
used SUA concentration as the dependent variable,
GGT, triglycerides, body mass index, total cholesterol,
systolic and diastolic blood pressure, smoking, and
blood glucose were all independent explanatory vari-
ables (all Pvalues <0.0001). Altogether, however, these
factors explained only about 15% of the variation in
SUA concentration.

ASSOCIATIONS OF SUA WITH CVD MORTALITY
The relationship between baseline SUA concentration
and subsequent CVD mortality is shown in Table 3 and
Fig. 2. In age-adjusted Cox proportional hazards mod-
els, a high SUA concentration was significantly associ-
ated with an increased risk of mortality from CHD (P
<0.0001): the hazard ratio (95% confidence interval)
for the highest SUA quintile vs the lowest quintile was
1.55 (1.27-1.91) for acute and subacute CHD forms
and 1.34 (1.10-1.63) for chronic forms of CHD. A high
SUA concentration was also associated with an in-
creased risk of mortality from CHF (P <0.001) and
stroke (P <0.0001), with age-adjusted hazard ratios for
the highest SUA quintile vs the lowest quintile of 1.60
(1.12-2.27) and 1.62 (1.30-2.04), respectively. In sub-
group analyses, this hazard ratio increased to 1.78
(1.11-2.84) for fatal ischemic strokes but was attenu-
ated to borderline significance for hemorrhagic strokes
[1.45 (0.90-2.33); P = 0.08]. Concerning the associa-
tion of SUA concentration with mortality from other
cardiovascular events, we found an age-adjusted haz-
ard ratio of 1.79 (1.31-2.45; P <0.0001) for the highest
SUA quintile vs the lowest quintile.

After additional adjustment for potential con-
founding factors, the associations mentioned above re-
mained stable in terms of statistical significance, with
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Fig. 1. gl of baseline SUA conc ions in
83 683 study participants, VHM&PP 1985-2005.

only slight attenuation for CHF, stroke, and other car-
diovascular events (Table 3 and Fig. 2). Cox propor-
tional hazards models adjusted for age, body mass in-
dex, systolic and diastolic blood pressure, total
cholesterol, triglycerides, GGT, glucose, smoking sta-
tus, and year of examination yielded hazard ratios
(95% confidence interval) for the highest SUA quintile
vs the lowest quintile of 1.51 (1.03-2.22) for CHF, 1.59
(1.23-2.04) for all strokes, and 1.39 (0.99-1.94) for
other cardiovascular events. The initially observed
significant association of SUA concentration with
mortality from CHD entirely disappeared, however,

with the fully adjusted hazard ratio for the highest
SUA quintile vs the lowest quintile decreasing to 1.05
(0.90-1.22; P = 0.12). Fig. 3 displays the adjusted
cumulative survival curves for CHD, CHF, and all
strokes within the 21-year follow-up period accord-
ing to SUA quintile.

Participant age was a significant effect modifier for
the relationship of SUA concentration with total CVD
mortality (P for multiplicative interaction = 0.049).
When we considered subgroups, the significant multi-
plicative interaction of SUA concentration with age
was confined to fatal CHF (P = 0.05), whereas we ob-
served no significant interaction for the relationship
with fatal CHD (P = 0.41), stroke (P = 0.55), or other
CVD events (P = 0.11). After we stratified participants
into age groups according to a cutoff value of 65 years,
the initially observed significant association of SUA
concentration with fatal CHF became less striking. The
association was statistically nonsignificant in partici-
pants >65 years old but was even more striking in par-
ticipants =65 years old [the fully-adjusted hazard ra-
tios for the highest vs lowest SUA quintiles were 1.19
(0.71-1.97; P = 0.50) and 2.32 (1.23-4.34; P = 0.008),
respectively]. To further eliminate the possible effects
of very old participants, we excluded all participants
>75 years old in another subgroup analysis. With this
reanalysis, however, the statistical significance re-
mained unchanged for all associations that were statis-
tically significant in the main analysis.

Because of the assumed relevance of hypertension
in the pathogenesis of uric acid-induced CVD (31, 32),
we separately investigated all previous reported associ-
ations in hypertensive study participants. These analy-
ses did not reveal substantial changes in hazard ratios
or statistical significance with respect to the results of
the main analyses that included all participants; how-

Table 2. Clinical correlates of SUA concentration, VHM&PP 1985-2005.

Correlation coefficient®

GGT, (UL 028
Triglycerides (mmol/L) 0.27
Body mass index (kg/m?) 025
Total cholesterol (mmol/L) 0.18
Systolic blood pressure (mmHg) 0.15
Diastolic blood pressure (mmHg) 0.15
Cigarette smoking 0.1
Glucose (mmol/L) -0.14

5 it ragressh T P
- <0.001 017 <0.0001
<0.001 0.15 <0.0001

- <0.001 0.14 <0.0001
<0.001 0.05 <0.0001
- <0.001 0.05 <0.0001
<0.001 0.03 <0.0001
0.004 -0.03 <0.0001
<0.001 =013 <0.0001

2 Age-adjusted partial correlation coefficients. GGT and triglyceride data were log-transformed.
b Stepwise multiple regression analysis including age, GGT, triglycerides, body mass index, total cholesterol, systolic blood pressure, diastolic blood pressure,
cigarette smoking, and glucose. GGT and triglyceride data were log-transformed. R = 0.15.
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Fig. 2. Hazard ratios with 95% confidence intervals for the association between SUA and CVD mortality from Cox
proportional hazards models adjusted for age (A) and Cox proportional hazards models adjusted for age, body mass
index, systolic and diastolic blood pressure, total cholesterol, triglycerides, GGT, glucose, smoking status, and year
of examination (B).
Boxes present consecutive quintiles of SUA concentration.

ever, we found that SUA concentrations were moder-
ately higher in hypertensive patients than in healthy
study participants, especially in the younger age groups
(data not shown).

Discussion

This prospective, long-term study is the largest single
investigation undertaken to date to assess the associa-
tion between baseline SUA concentration in men and
their risk of subsequent mortality from CHF, CHD,
and stroke. As expected, our findings confirm that SUA
concentrations are directly associated with most estab-
lished cardiovascular risk factors, including systolic
blood pressure, total cholesterol, triglycerides, body
mass index, and GGT. After fully adjusting for these
confounding variables, however, we found that men
with baseline SUA values >398.81 pumol/L have about
a 50% greater risk for fatal CHF and stroke and about a
40% greater risk for mortality from other cardiovascu-

280 Clinical Chemistry 54:2 (2008)

lar events than do men with SUA concentrations
=273.81 pmol/L. That our results were stable after ex-
clusion of participants >75 years old accented the
prognostic significance of SUA for mortality from CHF
and stroke, although not necessarily as a causal risk
factor. Conversely, after fully adjusting for potential
confounding variables, we found that increased SUA
concentration was not significantly related to mortality
from acute, subacute, or chronic forms of CHD.
Concordantly with our results, recent in vitro and
in vivo findings suggest that SUA contributes directly
to endothelial dysfunction by inducing antiprolifera-
tive effects and impairing nitric oxide production (33),
thus causing a deterioration in CHF. To date, however,
little epidemiologic evidence supports the role of SUA
as an independent risk factor for CHF, and we know of
no other similar published epidemiologic reports with
which to compare our results. Our study results dem-
onstrate a positive and merely linear association, indi-
cating a moderate but clear dose-response relationship
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Fig. 3. Adjusted cumulative survival from CHD, CHF, and all strokes according to SUA quintile for 83 683 Austrian
men (mean age, 41.6 years) in the VHM&PP estimated at the mean values of covariates.

Survival curves were calculated with Cox proportional hazards models adjusted for age, body mass index, systolic and diastolic
blood pressure, total cholesterol, triglycerides, GGT, glucose, smoking status, and year of examination.

between baseline SUA concentration and the risk of
subsequent CHF mortality. This finding strongly sug-
gests that SUA concentration plays an important role,
especially in CHF unrelated to CAD in men <65 years
old. The observed associations remained significant
and stable, although slightly attenuated, even after ad-
justment for several confounding factors. Given the ep-
idemiologic nature of our observations, the underlying
biological mechanisms that cause SUA to be more

strongly related to mortality from CHF in younger in-
dividuals (<65 years) than in older individuals (>65
years) remain uncertain, and providing a potential ex-
planation for this finding would be rather speculative.
From a statistical point of view, however, it is likely
that, in general, the number of individuals at risk in-
creases with age, a trend that would attenuate the excess
effect of increased SUA concentration. In line with our
results, Sakai and coworkers (34) recently demon-
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strated in a Japanese population of 74 patients with
mild to severe CHF that high serum concentrations of
uric acid were important predictors of mortality, inde-
pendently of clinical and neurohumoral factors previ-
ously associated with a poor prognosis. These investi-
gators’ results further indicate that not only high
plasma concentrations of B-type natriuretic peptide
but also high SUA concentrations are likely to be inde-
pendently explanatory for mortality in CHF patients.
SUA is a routinely measured variable in clinical labora-
tories, with repeatable results and nonsignificant short-
term individual fluctuations without any age-specific
or diurnal patterns (35, 36). Given these characteris-
tics, SUA could feasibly be used as a helpful prognostic
indicator in clinical practice.

In contrast to the merely linear association be-
tween SUA concentration and the risk of mortality
from CHF, we found an increased risk for incident fatal
strokes only for the highest SUA quintile (>398.81
wmol/L), suggesting a threshold effect. In our adjusted
models, however, SUA concentration was indepen-
dently predictive only in the subgroups of ischemic
stroke and unidentified stroke and was not signifi-
cantly related to mortality from hemorrhagic stroke.
Although relatively little evidence exists on the role of
SUA concentration as a risk factor for stroke mortality
in men, this result was partly confirmed in the Rotter-
dam Study (17). Participants in that investigation were
all =55 years old, however, and in sex-specific analyses,
the association of SUA concentration with ischemic
stroke was inconsistent and fairly diminished in men.
In line with our finding that the association of SUA
concentration with the incident risk of fatal stroke may
be subject to a threshold effect, Mazza and colleagues
(12) reported a J-shaped relationship between SUA
concentration and stroke mortality in elderly individ-
uals from Italy, although the authors did not conduct
sex-specific analyses for men. In regard to the underly-
ing pathophysiological mechanism, human atheroscle-
rotic plaque has been shown to contain a considerable
amount of uric acid, and hyperuricemia may promote
thrombus formation via purine metabolism (37, 38).
In addition, increased uric acid concentrations are as-
sociated with the increased production of oxygen free
radicals, promote oxygenation of LDL cholesterol, and
facilitate lipid peroxidation (15, 39). Each of these fac-
tors is known to play a crucial role in the progression of
atherosclerosis.

Concerning the relationship of SUA and risk of
fatal CHD, our results are consistent with previous
findings from the Framingham Heart Study (20) and
an investigation by Wannamethee and coworkers (19)
in that univariate associations appeared to be largely
explained by the relation of SUA with other CHD risk
factors and entirely disappeared after additional ad-

282 Clinical Chemistry 54:2 (2008)

justment for confounding factors. In our multivariate
models, the major risk factor was systolic blood pres-
sure, which mostly attenuated the initially observed as-
sociation. A similar result was observed in an investi-
gation by Moriarity and colleagues (21 ).

Although subgroup analyses of hypertensive study
participants did not reveal substantial changes in terms
of hazard ratios or statistical significance with respect
to the results of the main analyses, we found SUA con-
centrations to be slightly increased in hypertensive
study participants compared with nonhypertensive
participants, especially for younger age groups. The
mechanisms underlying the increase in SUA concen-
tration and its potential prognostic implications in
patients with essential hypertension are still not
completely understood, although increased SUA
concentrations in asymptomatic and uncomplicated
cases with essential hypertension may reflect early renal
vascular alterations, with reduction in cortical blood
flow and depressed tubular secretion of urate caused by
reduced delivery to the tubular secretory sites (14). Ex-
cessive alcohol consumption may also play a contribu-
tory role.

Our study had several strengths and potential lim-
itations that should be considered. Major strengths
were the prospective design, large sample size, length of
follow-up, and a standardized protocol performed by
experienced physicians. Limitations included the in-
ability to account for additional factors that might also
have residually confounded the relationship between
SUA concentration and CVD mortality (although in-
formation on major CVD risk factors was collected),
including lipid subfractions or apolipoproteins, C-re-
active protein, homocysteine, alcohol consumption,
physical activity, diet, and genetic and psychosocial
variables. SUA is the main end product of the metabo-
lism of purines, which coderive from the diet and in-
crease with a higher intake of red meat. Diet was not
accounted for during baseline screening, and thus dif-
ferences in diet may explain, at least in part, differences
in SUA concentrations in the study population. Al-
though our cohort consisted of an apparently healthy
male population rather than a sick hospital sample, im-
paired renal function is common in CVD patients and
is another codetermining factor of SUA concentration.
Because creatinine or other measures of renal function
were not routinely measured in all participants of this
study, we were unable to directly adjust for these vari-
ables in the main analysis. We did, however, check for a
cross-sectional correlation of SUA with serum creati-
nine in a subgroup of 838 participants who underwent
a more detailed examination. We found only a weak
age-adjusted correlation of SUA with creatinine (r =
0.13), which decreased to 0.11 after additional adjust-
ment. Therefore, we believe that the prognostic power
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of SUA for fatal CHF and stroke would remain signif-
icant after additional adjustment for renal function. A
final limitation was the inability to examine the effect
of medication use (e.g., statins and antihypertensive
drugs) on the relationship of SUA concentration with
CVD mortality. With regard to statins, however, little if
any effect is possible because 75% of all VHM&PP
study participants were examined before the imple-
mentation of statin therapy in Austria in 1995. In con-
trast, antihypertensive drugs, including diuretics,
might have been used more frequently, thus providing
a potential source for residual confounding of the
results.

In conclusion, this long-term study of more than
80 000 Austrian men across a wide age range demon-
strates for the first time that high SUA concentrations
are independently associated with an increased risk of
mortality from CHF and stroke in men. The finding of
increased SUA concentrations in these individuals sug-
gests the clinical importance of monitoring and inter-

vention based on SUA measurement, particularly be-
cause SUA is easily and routinely measured.
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