
logy xx (2008) xxx–xxx

IJCA-10615; No of Pages 8

www.elsevier.com/locate/ijcard

ARTICLE IN PRESS
International Journal of Cardio
Serum uric acid is an independent predictor for all major forms
of cardiovascular death in 28,613 elderly women:

A prospective 21-year follow-up study

Alexander M. Strasak a,⁎, Cecily C. Kelleher b, Larry J. Brant c, Kilian Rapp d,
Elfriede Ruttmann e, Hans Concin f, Günter Diem f,

Karl P. Pfeiffer a, Hanno Ulmer a,f

VHM&PP Study Group
a Department of Medical Statistics, Informatics and Health Economics, Innsbruck Medical University, Schoepfstrasse 41, A-6020 Innsbruck, Austria

b School of Public Health and Population Sciences, University College Dublin, Ireland
c Gerontology Research Center, National Institute on Aging, Baltimore, USA

d Department of Epidemiology, University of Ulm, Germany
e Department of Cardiac Surgery, Innsbruck Medical University, Austria

f Agency for Preventive and Social Medicine, Bregenz, Austria

Received 5 August 2007; received in revised form 29 October 2007; accepted 25 November 2007
Abstract

Background: The role of serum uric acid (SUA) as a risk factor for cardiovascular disease (CVD) remains controversial. Little is known about
its predictive value for mortality from congestive heart failure (CHF) and stroke, particularly in elderly, post-menopausal women.
Methods: The relation of SUA to risk of death from total CVD, CHF, stroke and coronary heart disease (CHD) was examined prospectively
in a large cohort of 28613 elderly Austrian women (mean age 62.3 years), followed-up for a median of 15.2 years. Adjusted Cox proportional
hazards models were calculated to evaluate SUA as an independent predictor for fatal CVD events.
Results: SUA in the highest quartile (≥5.41 mg/dL) was significantly associated with mortality from total CVD ( pb0.0001), showing a clear
dose–response relationship; the adjusted hazard ratio (95%CI) in comparison to the lowest SUA quartile was 1.35 (1.20–1.52). In subgroup
analyses SUAwas independently predictive for deaths from acute and subacute ( pb0.0001) and chronic forms ( p=0.035) of CHD, yielding
adjusted hazard ratios for the highest versus lowest SUA quartile of 1.58 (1.19–2.10) and 1.25 (1.01–1.56), respectively. SUA was further
significantly related to fatal CHF ( pb0.0001) and stroke ( p=0.018); the adjusted hazard ratios for the highest versus lowest SUA quartile
were 1.50 (1.04–2.17) and 1.37 (1.09–1.74), respectively.
Conclusions: These findings, for the first time, demonstrate that SUA is an independent predictor for all major forms of death from CVD
including acute, subacute and chronic forms of CHD, CHF and stroke in elderly, post-menopausal women.
© 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Cardiovascular disease (CVD) is currently the major cause
of mortality in women worldwide, coronary heart disease
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(CHD) and stroke being the most frequent causes of death
in post-menopausal women in industrialised countries [1,2].
Serum uric acid (SUA) has consistently been described as a
correlate for the development and progression of CVD and
modestly higher SUA concentrations have been reported in
patients with CHD than in healthy controls, over the past five
decades [3–5]. However, despite effective means of safely
lowering SUA [6], there is still no well-established patho-
t predictor for all major forms of cardiovascular death in 28,613 elderly
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physiological link between hyperuricemia and subsequent
cardiovascular complications [7]. Moreover, due to a lack of
consistent epidemiologic evidence, the predictive value of SUA
for cardiovascular events remains highly controversial [6,8].

On the one hand, several studies [9–17] have demon-
strated an independent association between hyperuricemia
and cardiovascular risk in general populations. Single
studies have shown a stronger association in females than
in males [13], while others found a gender specific
relationship, only in women. In line with this, sex-specific
differences in trends of CVD have previously been well-
established, although the precise underlying mechanisms
remain unclear [18,19]. On the other hand, results from
different epidemiologic investigations [20–26] indicate that
SUA does not have a predictive role in the development of
CHD, death from CVD, or death from all causes in men and/
or women, after adjustment for established risk factors.
Differences in the composition of the populations studied,
length of follow-up, study end points and statistical
adjustment for confounding may all have contributed to
the conflicting conclusions drawn from earlier studies.
Consistent evidence may also be lacking to due insufficient
sample sizes and infrequent events in several previous
investigations. Additionally, many earlier studies exclusively
focused on males or failed to conduct sex-specific analyses
in women, although mortality rates from heart disease differ
across the life course of men and women, both in timing of
incidence and in clinical presentation [27].

In the present 21-year follow-up study we aimed to pro-
spectively investigate the predictive power of SUA for car-
diovascular death in a large cohort of 28,613 elderly Austrian
women, using health examination data from the Vorarlberg
Health Monitoring and Promotion Program (VHM&PP), one
of the world's largest ongoing population-based risk factor
surveillance programs. Although previous studies have in-
vestigated the relationship between SUA and death from
specific subforms of CVD or CVD mortality in total, to the
best of our knowledge, this study comprises the first epide-
miologic investigation, to explore the predictive significance
of SUA for all major subforms of fatal CVD, including death
from acute, subacute and chronic forms of CHD, CHF and
stroke in a general population of apparently healthy, post-
menopausal women. Regarding CHF, no previous study has
investigated this association so far.

2. Materials and methods

2.1. Study population

The VHM&PP [28–30] is a prospective, multicentre,
population-based risk factor surveillance program, located in
Vorarlberg, the westernmost province of Austria. It is rou-
tinely performed by the Agency for Social- and Preventive
Medicine and basically addresses all adults of the entire
province. Participation in the health examination is voluntary
and conducted in a standardized manner by trained local
Please cite this article as: Strasak AM, et al, Serum uric acid is an independen
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physicians and internists only. The program routinely in-
cludes the recording of socio-demographic data, a physical
examination with a fasting blood sample, and consultation
with a physician. Costs are covered by the participant's
(compulsory) health insurance. All adults of the regions were
invited to participate by a combination of different measures
such as written invitations, television, radio and newspaper
reports. A more detailed description of the program meth-
odology has been reported elsewhere [28–30]. All partici-
pants signed informed consents to have personal data stored
and processed. For this study, institutional review board
approval was obtained by the Ethics Committee of the prov-
ince of Vorarlberg. Between 1985 and 2005, 99739 female
adult Vorarlberg residents (age N18 years) were enrolled in
the VHM&PP cohort. However, as SUA routinely was
determined only in all women aged ≥50 years at screening,
but not measured in women at younger ages, the current
investigation was restricted to all 28,613 elderly female par-
ticipants (age N50 years) with complete and valid data on
SUA at enrolment.

2.2. Measurements and definitions

Measurements of height, weight, blood pressure, total
cholesterol, triglycerides, blood glucose, gamma–glutamyl-
transferase (GGT), SUA and smoking status (current, former,
never) routinely were obtained for each participant. Indivi-
duals who reported smoking of at least one cigarette per day
during the year before examination were classified as current
smokers. Occupational status (blue collar, white collar or self-
employed) was determined by the insurance number of
participants and was included in the models as a surrogate
measure of socioeconomic status. Participants who were
retired at baseline were classified according to their former
occupation and housewife's according to their husband's
occupation. Two central laboratories undergoing regular
internal and external quality procedures enzymatically
determined total cholesterol, triglycerides, GGT and blood
glucose and performed SUA measurements on fasting blood
samples. Within 60 to 240 min, the blood was centrifuged
for 15 min at 4000 rotations per minute. Subsequently, uric
acid concentration of all samples was determined immedi-
ately on a RXL (DADE). In order to check calibration, 3 daily
control samples were included. If average values of the
control samples of each run were not within 3% of the
true value, the run was repeated. Day-by-day variation had
to be within 5%. Consequently, all subjects were stratified
according to quartiles of SUA distribution with cut-off
values ranging from 3.70 (lowest quartile), 4.50, 5.40 to
N5.40 mg/dL (highest quartile). Systolic and diastolic blood
pressures were measured twice in sitting position on the
right arm with a mercury sphygmomanometer. The aver-
age of these two measurements was used for each blood
pressure variable. Hypertension was defined as a diastolic
blood pressure of≥95 mmHg or a systolic blood pressure of
≥160 mmHg.
t predictor for all major forms of cardiovascular death in 28,613 elderly
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Table 1
Characteristics of study population, VHM&PP 1985–2005

Characteristic (n=28,613)

Age, mean±SD (range), years 62.3±8.8 (50.0–95.3)
Age N75 years—no.(%) 3073 (10.7)
Cigarette smoking—no.(%) 2536 (8.9)
Weight, mean±SD (median), kg 67.9±12.4 (66.0)
BMI, mean±SD (median), kg/m2 26.5±4.6 (25.9)
Glucose, mean±SD (median), mg/dL 96.1±30.1 (90.0)
Serum uric acid, mean±SD (median), mg/dL 4.6±1.3 (4.5)
Triglycerides, mean±SD (median), mg/dL 138.6±81.5 (118.0)
Total cholesterol, mean±SD (median), mg/dL 246.1±46.6 (243.0)
GGT, mean±SD (median), U/L 32.2±41.9 (21.5)
Systolic blood pressure, mean±SD

(median), mm Hg
145.2±22.5 (140.0)

Diastolic blood pressure, mean±SD
(median), mm Hg

85.1±11.1 (84.0)

Hypertension—no.(%) 7072 (24.7)
Total mortality—no (%) 5702 (19.9)
Cardiovascular/cerebrovascular deaths—no. (%) 2874 (10.0)
Other death cause—no. (%) 2828 (9.9)
Follow-up, mean±SD (median), years 13.6±6.0 (15.2)
Person years at risk 387,731

BMI indicates body mass index, GGT gamma-glutamyltransferase.

Table 2
Clinical correlates of serum uric acid, VHM&PP 1985–2005

Correlation
coefficient⁎

p-value Standardized
regression
coefficient†

p-value

Body–mass index
(kg/m2)

0.30 b0.0001 0.22 b0.0001

Triglycerides
(mg/dl)

0.30 b0.0001 0.22 b0.0001

Gamma–
glutamyltransferase
(U/L)

0.21 b0.0001 0.13 b0.0001

Systolic blood pressure
(mmHg)

0.14 b0.0001 0.04 b0.0001

Diastolic blood pressure
(mmHg)

0.13 b0.0001 0.001 0.91

Total cholesterol (mg/dl) 0.09 b0.0001 −0.002 0.79
Glucose (mg/dl) 0.06 b0.0001 −0.06 b0.0001
Cigarette smoking 0.04 b0.0001 0.03 0.001

⁎Age-adjusted partial correlation coefficients. Gamma–glutamyl transferase
(GGT) and triglycerides were log-transformed.
†Multiple regression analysis including age, GGT, triglycerides, BMI, total
cholesterol, systolic blood pressure, diastolic blood pressure, cigarette smoking
and glucose. GGT and triglycerides were log-transformed. R2=0.20.
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2.3. End points

By the end of 2005, 5702 deaths were recorded in our
database of which 2874 (50.4%) were cardiovascular or
cerebrovascular related deaths. Date and cause of death
information was provided by the local health authority and
was linked in the database with the use of a validated
procedure. All deaths were identified from death certificates
that were confirmed by authorized physicians only. In case
of unclear causes of death, autopsies were performed. For
analyses, deaths from CVDwere classified into the following
subgroups according to the International Classification of
Diseases, 9th & 10th Revision (ICD-9, ICD-10): acute and
subacute forms of CHD (ICD-9 410, 411; ICD-10 I21–I24),
chronic forms of CHD including occlusive CHD and its
complications (ICD-9 412–414; ICD-10 I20, I25 [except
I25.5]), CHF (ICD-9 425, 428, 429.0, 429.1, 429.3; ICD-10
I25.5, I42, I43, I50, I51.5, I51.7), hemorrhagic stroke (ICD-9
430–432; ICD-10 I60–I62), ischemic stroke (ICD-9 433–
435, 437, 438; ICD-10 I63, I65–I69), undefined stroke (ICD-
9 436; ICD–10 I64) and other CVD (ICD-9 390–399, 401–
405, 420–424, 426, 427, 429.9, 440–447; ICD-10 I0–I15,
I30–I41, I44–I49, I51.0, I51.4, I51.8, I51.9, I70–I74).

2.4. Statistical analysis

To determine associations of SUA with established car-
diovascular risk factors, partial correlation coefficients, ad-
justed for age, andmultiple regressionmodels were calculated.
In order to utilize parametric analytic techniques GGT and
triglycerides were logarithmically transformed. Cox propor-
tional hazards models, adjusted for age, body mass index,
systolic and diastolic blood pressure, total cholesterol,
triglycerides, GGT, blood glucose, smoking status, occupa-
Please cite this article as: Strasak AM, et al, Serum uric acid is an independen
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tional status and year of examination were used to compute
hazard ratios with 95% confidence intervals for SUA quartiles.
In addition, hazard ratios were estimated for unit increases
of SUA and significance testing was performed with a Wald
χ2 test on SUA unit changes as well. Subgroup analyses
for subforms of CVD mortality, specific age groups and in
hypertensive study participants were performed with the
same Cox models. The proportional hazards assumption
was checked and found to be fulfilled for all models. Sig-
nificance testing of age as an effect modifier of the relation
between SUA and CVD mortality was done through the as-
sessment of interaction terms in the models. Probability values
b0.05 were considered to indicate statistical significance. All
statistical analyses were performed using SPSS 14.0 (Chicago,
Illinois).

3. Results

3.1. Characteristics of study population

Demographic and clinical characteristics of the study
population are shown in Table 1. The cohort consisted of
28613 elderly female participants with complete data on
SUA, prospectively followed-up for a median of 15.2 years,
with a total time at risk of 387,731 person–years. The vast
majority of participants (95.9%) were followed-up for at
least two years after baseline SUA measurement and 70.6%
had follow-up times of 10 or even more years. Mean age at
study entry was 62.3 years. Total mortality was 19.9%, and
mortality from CVD corresponded to 10.0%. Baseline SUA
concentrations were approximately normally distributed,
ranging from 1.1 to 14.0 mg/dL with a mean±SD of 4.6±
1.3 mg/dL.
t predictor for all major forms of cardiovascular death in 28,613 elderly
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3.2. Association of SUA with established cardiovascular risk
factors

Table 2 shows that SUAwas significantly correlated with
established cardiovascular risk factors and components of
the metabolic syndrome. The strongest age-adjusted
correlation was observed between SUA and body–mass
index (r=0.30, pb0.0001). SUA was further positively
correlated with triglycerides (r=0.30), GGT (r=0.21),
Table 3
Mortality from cardiovascular disease according to serum uric acid, VHM&PP 19

Serum uric acid (SUA)

≤3.70 mg/dL
(n=7404)

3.71—4.50 mg/dL
(n=7611)

4.51—5.
(n=6976

All cardiovascular/cerebrovascular events
Fatal events—no.(%) 515 (7.0) 636 (8.4) 725 (10.
HR 1 (95% CI)⁎ 1.00 (Ref) 1.14 (1.02–1.29) 1.32 (1.1
HR 2 (95% CI)† 1.00 (Ref) 1.08 (0.96–1.22) 1.22 (1.0

Coronary heart disease
Fatal events—no.(%) 235 (3.2) 273 (3.6) 324 (4.6
HR 1 (95% CI)⁎ 1.00 (Ref) 1.08 (0.91–1.29) 1.29 (1.0
HR 2 (95% CI)† 1.00 (Ref) 1.02 (0.85–1.23) 1.17 (0.9
Acute and subacute forms of coronary heart disease

Fatal events—no.(%) 83 (1.1) 100 (1.3) 131 (1.9
HR 1 (95% CI)⁎ 1.00 (Ref) 1.14 (0.85–1.52) 1.51 (1.1
HR 2 (95% CI)† 1.00 (Ref) 1.02 (0.75–1.38) 1.27 (0.9

Chronic forms of coronary heart disease
Fatal events—no.(%) 152 (2.1) 173 (2.3) 193 (2.8
HR 1 (95% CI)⁎ 1.00 (Ref) 1.05 (0.84–1.30) 1.18 (0.9
HR 2 (95% CI)† 1.00 (Ref) 1.02 (0.81–1.28) 1.11 (0.8

Congestive heart failure
Fatal events—no.(%) 50 (0.7) 79 (1.0) 63 (0.9
HR 1 (95% CI)⁎ 1.00 (Ref) 1.44 (1.01–2.06) 1.16 (0.8
HR 2 (95% CI)† 1.00 (Ref) 1.34 (0.93–1.93) 1.09 (0.7

Stroke
Fatal events—no.(%) 134 (1.8) 183 (2.4) 218 (3.1
HR 1 (95% CI)⁎ 1.00 (Ref) 1.26 (1.01–1.58) 1.51 (1.2
HR 2 (95% CI)† 1.00 (Ref) 1.25 (0.99–1.57) 1.48 (1.1
Hemorrhagic stroke

Fatal events—no.(%) 25 (0.3) 28 (0.4) 32 (0.5
HR 1 (95% CI)⁎ 1.00 (Ref) 1.10 (0.64–1.89) 1.32 (0.7
HR 2 (95% CI)† 1.00 (Ref) 1.14 (0.65–2.01) 1.47 (0.8

Ischemic stroke
Fatal events—no.(%) 42 (0.6) 53 (0.7) 54 (0.8
HR 1 (95% CI)⁎ 1.00 (Ref) 1.13 (0.76–1.70) 1.15 (0.7
HR 2 (95% CI)† 1.00 (Ref) 1.17 (0.76–1.79) 1.19 (0.7

Undefined stroke
Fatal events—no.(%) 67 (0.9) 102 (1.3) 132 (1.9
HR 1 (95% CI)⁎ 1.00 (Ref) 1.40 (1.03–1.90) 1.82 (1.3
HR 2 (95% CI)† 1.00 (Ref) 1.33 (0.97–1.83) 1.66 (1.2

Other cardiovascular events
Fatal events—no.(%) 96 (1.3) 101 (1.3) 120 (1.7
HR 1 (95% CI)⁎ 1.00 (Ref) 0.98 (0.74–1.30) 1.18 (0.9
HR 2 (95% CI)† 1.00 (Ref) 0.89 (0.67–1.19) 1.06 (0.8

⁎Hazard ratios (95% confidence intervals) from Cox proportional hazards models
†Hazard ratios (95% confidence intervals) from Cox proportional hazards models ad
cholesterol, triglycerides, gamma-glutamyltransferase (GGT), glucose, smoking stat
logarithmically transformed.

Please cite this article as: Strasak AM, et al, Serum uric acid is an independen
women: A prospective 21-year follow-up study, Int J Cardiol (2008), doi:10.10
systolic blood pressure (r=0.14), diastolic blood pressure
(r=0.13), total cholesterol (r=0.09), blood glucose
(r=0.06) and smoking (r=0.04, all pb0.0001). In multiple
regression analysis using SUA as dependent variable, body
mass index, triglycerides, GGT, systolic blood pressure,
blood glucose (all pb0.0001) and smoking ( p=0.001)
were independent explanatory variables. However, alto-
gether these factors explained only about 20% in the
variation of SUA.
85—2005

40 mg/dL
)

≥5.41 mg/dL
(n=6622)

Total per unit increase
(n=28,613)

p for unit
increase

4) 998 (15.1) 2874 (10.0)
8–1.48) 1.52 (1.37–1.70) 1.13 (1.10–1.16) b0.0001
8–1.37) 1.35 (1.20–1.52) 1.10 (1.06–1.13) b0.0001

) 497 (7.5) 1329 (4.6)
9–1.53) 1.68 (1.43–1.96) 1.17 (1.13–1.21) b0.0001
8–1.39) 1.37 (1.15–1.63) 1.11 (1.06–1.16) b0.0001

) 204 (3.1) 518 (1.8)
5–2.00) 2.08 (1.60–2.69) 1.27 (1.19–1.34) b0.0001
5–1.70) 1.58 (1.19–2.10) 1.19 (1.11–1.27) b0.0001

) 293 (4.4) 811 (2.8)
5–1.45) 1.47 (1.20–1.79) 1.11 (1.06–1.16) b0.0001
9–1.39) 1.25 (1.01–1.56) 1.06 (1.00–1.12) 0.035

) 103 (1.6) 295 (1.0)
0–1.69) 1.55 (1.10–2.18) 1.10 (1.01–1.19) 0.023
4–1.60) 1.50 (1.04–2.17) 1.10 (1.00–1.20) 0.04

) 241 (3.6) 776 (2.7)
2–1.88) 1.40 (1.13–1.74) 1.08 (1.03–1.14) 0.003
8–1.86) 1.37 (1.09–1.74) 1.07 (1.01–1.13) 0.018

) 29 (0.4) 114 (0.4)
8–2.23) 1.14 (0.66–1.97) 1.04 (0.91–1.20) 0.56
3–2.52) 1.29 (0.71–2.40) 1.06 (0.91–1.23) 0.46

) 62 (0.9) 211 (0.7)
7–1.73) 1.06 (0.71–1.58) 1.00 (0.91–1.11) 0.94
6–1.84) 1.15 (0.74–1.79) 1.02 (0.91–1.14) 0.74

) 150 (2.3) 451 (1.6)
5–2.44) 1.71 (1.28–2.29) 1.13 (1.06–1.20) b0.0001
2–2.26) 1.53 (1.11–2.09) 1.10 (1.02–1.18) 0.014

) 157 (2.4) 474 (1.7)
0–1.55) 1.30 (1.01–1.69) 1.12 (1.05–1.19) 0.001
0–1.41) 1.15 (0.87–1.53) 1.09 (1.02–1.17) 0.017

adjusted for age.
justed for age, body—mass index, systolic and diastolic blood pressure, total
us, occupational status and year of examination. Triglycerides and GGTwere
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Fig. 2. Adjusted cumulative survival from all cardiovascular/cerebrovas-
cular events according to quartiles of SUA among 28,613 elderly female
Austrian adults (mean age 62.3 years) in the VHM&PP estimated at the
average 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, gamma
glutamyltransferase, glucose, smoking status, occupational status and year
of examination.
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3.3. Associations of SUA with CVD mortality

The relationship between baseline SUA concentrations
and subsequent cardiovascular death is shown in Table 3
and Fig. 1. In age-adjusted Cox proportional hazards mod-
els, SUA levels were independently predictive for mortal-
ity from all cardiovascular events ( pb0.0001), showing a
clear dose–response relationship; the hazard ratio (95%CI)
for the highest versus lowest SUA quartile was 1.52 (1.37–
1.70). In subgroup analyses, SUA was significantly related
to mortality from acute and subacute forms of CHD ( pb
0.0001) and chronic forms of CHD ( pb0.0001), yielding
age-adjusted hazard ratios for the highest versus lowest
SUA quartile equalling 2.08 (1.60–2.69) and 1.47 (1.20–
1.79), respectively. SUA was further independently related
to fatal CHF ( p=0.023), stroke mortality ( p=0.003) and
other fatal cardiovascular events ( p=0.001); hazard ratios
(95%CI) for the highest versus lowest SUA quartile were
1.55 (1.10–2.18), 1.40 (1.13–1.74) and 1.30 (1.01–1.69),
respectively.

After additional adjustment for potential confounding, the
above reported associations only slightly attenuated, remain-
ing stable in terms of statistical significance (Table 3, Fig. 1).
Cox proportional hazards models adjusted for age, body-
mass index, systolic and diastolic blood pressure, total cho-
lesterol, triglycerides, GGT, glucose, smoking status,
occupational status and year of examination yielded hazard
ratios (95%CI) for the highest versus lowest SUA quartile
equalling 1.35 (1.20–1.52) for all fatal cardiovascular events
( pb0.0001), 1.37 (1.15–1.63) for CHD ( pb0.0001), 1.50
(1.04–2.17) for CHF ( p=0.04) and 1.37 (1.09–1.74) for all
strokes ( p=0.018). Fig. 2 displays the adjusted cumulative
Fig. 1. Hazard ratios with 95%CIs for the association between SUA and CVD mor
proportional hazardsmodels adjusted for age, body–mass index, systolic and diastol
glucose, smoking status, occupational status and year of examination. Boxes prese

Please cite this article as: Strasak AM, et al, Serum uric acid is an independen
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survival from all fatal cardiovascular/cerebrovascular events
within the 21-year follow-up period according to quartiles of
SUA.

In order to eliminate possible effects of very old partici-
pants, we excluded all individuals aged N75 years for a
subgroup analysis. However, all associations that were
tality from a) Cox proportional hazards models adjusted for age and b) Cox
ic blood pressure, total cholesterol, triglycerides, gamma-glutamyltransferase,
nt consecutive quartiles of SUA.

t predictor for all major forms of cardiovascular death in 28,613 elderly
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statistically significant in the main analysis remained
unchanged in terms of statistical significance when reana-
lyzed. Additionally, adjusted hazard ratios for the highest
versus lowest SUA quartile increased to 1.51 (1.31–1.75) for
all fatal cardiovascular events, 1.57 (1.27–1.93) for CHD,
1.75 (1.09–2.81) for CHF and 1.57 (1.17–2.10) for all
strokes, suggesting a more prominent effect in women 50–
75 years of age. Because of the assumed relevance of
hypertension in the pathogenesis of uric acid-induced CVD
[31,32], in a further subgroup analysis, we investigated all
above associations in hypertensive study participants sepa-
rately. Although this analysis did not reveal substantial
changes in terms of statistical significance, we found infirmly
increased hazard ratios for the association of SUA and CVD
mortality, in respect to the results of the main analysis
including all participants (data not shown).

4. Discussion

The present study comprises the first large-scale epide-
miologic investigation to evaluate the predictive value of
SUA on subsequent total cardiovascular death and all major
subforms in elderly, post-menopausal women. As expected,
our findings confirm that SUA levels are correlated with
most established cardiovascular risk factors and components
of the metabolic syndrome. However, after full adjustment
for these risk factors in our multivariate models, we still
found that older females with baseline SUA concentrations
N5.41 mg/dL have a 35% greater risk for mortality from all
cardiovascular events, in comparison to women with SUA
concentrations ≤3.70 mg/dL. In subgroup analyses, this risk
substantially increased to 50% for mortality from CHF and to
nearly 60% for mortality from acute and subacute forms of
CHD. The latter finding is in strong contrast with the results
of our recently published investigation on the relationship of
SUA with CVD mortality in a large cohort of more than
83000 men, where no effect of SUA on fatal CHD could be
demonstrated after adjustment for major risk factors [33].

Given the epidemiological nature of our observations,
the underlying biological mechanisms causing SUA to be
independently related to all forms of cardiovascular death
in our large cohort of elderly women cannot be certainly
answered in the present investigation. However, in respect to
the finding of a more prominent role of SUA in women 50–
75 years of age, in comparison to its predictive significance
in the total cohort, from a statistical point of view, one might
argue that with highest age more individuals are at risk for
the development of fatal CVD in general, attenuating the
excess effect of SUA. Recent in vitro and in vivo findings,
concordantly with our results, suggest that SUA may con-
tribute directly to endothelial dysfunction by inducing anti-
proliferative effects and impairing nitric oxide production
[34], thus causing a deterioration in CHF. Until now, how-
ever, no epidemiological evidence was available to support
the role of SUA as an independent risk factor for CHF in
elderly women, and we do not know of other similar pub-
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lished epidemiologic reports with which to compare our
results. It has been shown that human atherosclerotic plaque
contains a considerable amount of uric acid, and hyperur-
icemia, via purine metabolism, may promote thrombus forma-
tion [35,36]. SUA concentrations were found to be associated
with increased production of oxygen free radicals, to promote
oxygenation of low-density lipoprotein cholesterol and to
facilitate lipid peroxidation [37,38]. Each of these factors is
known to play a crucial role in the progression of athero-
sclerosis. Consistently, Aboa Eboule and colleagues [39]
reported a significant relationship between SUA and CHD
mortality in 9701 randomly selected Belgians and Puddu and
colleagues [40] found SUA to be independently predictive
for CHD events in healthy middle-aged Italians. Bos and
colleagues [16] recently demonstrated a significant relation-
ship between SUA and incident risk of stroke events in older
females from the Netherlands. Alternatively, in the Framing-
ham study [20,22], univariate associations of SUAwith CHD
in healthy middle-aged females appeared largely to be ex-
plained by the relation of SUA with other CHD risk factors,
rather suggesting SUA to act as a marker for increased risk
of CVD than a causal risk factor.

Our study had several strengths and potential limitations
that should be considered. Major strengths are the prospec-
tive design, the large sample size, length of follow-up, and
the standardized protocol. In addition, examinations were
only performed by experienced physicians. Even though in-
formation on major risk factors was collected, our study
was unable to account for additional factors that further might
have residually confounded the relationship between SUA
and CVD mortality. Uric acid is the main end product of
metabolism of purines, which in turn are derived mostly from
diet, and increases especially with higher red meat intake
[41,42]. In our cohort, diet was not recorded during baseline
screening and thus, could possibly explain differences in SUA
levels among the study population. Additionally, alcohol
consumption, medication use (e.g. diuretics, statins) and other
causes of high SUA, including increased endogenous produc-
tion of urate, decreased excretion of monosodium urate by the
kidneys, or decreasing renal function were not directly ad-
justed for in our models. However, our cohort consisted of
an apparently healthy elderly population, rather than a sick
hospital sample and 75% of all VHM&PP study participants
were examined before the implementation of statin therapy in
Austria in 1995.

In summary, this study aimed to investigate the predictive
value of SUA on subsequent cardiovascular death in a large
population-based cohort of more than 28,000 elderly women.
Our findings, for the first time, demonstrate that SUA is an
independent predictor for all major forms of CVD mortality
including acute, subacute and chronic forms of CHD, CHF
and stroke in post-menopausal women. Given that measure-
ment of SUA is a routine procedure with repeatable results
in clinical laboratories and short-term fluctuations in in-
dividuals being non-significant and without age-specific or
diurnal pattern [43,44], our findings strongly suggest the
t predictor for all major forms of cardiovascular death in 28,613 elderly
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clinical importance of monitoring and intervention on the
basis of increased SUA.
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