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Aims Whether the association between uric acid (UA) and cardiovascular disease is influenced by some facilitating
factors is unclear. The aim of this study was to investigate whether the risk of cardiovascular mortality (CVM)
associated with elevated UA was modulated by the level of resting heart rate (HR).

...................................................................................................................................................................................................
Methods
and results

Multivariable Cox analyses were made in 19 128 participants from the multicentre Uric acid Right for heArt Health
study. During a median follow-up of 11.2 years, there were 1381 cases of CVM. In multivariable Cox models both
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UA and HR, either considered as continuous or categorical variables were independent predictors of CVM both
improving risk discrimination (P <_ 0.003) and reclassification (P < 0.0001) over a multivariable model. However, the
risk of CVM related to high UA (>_5.5 mg/dL, top tertile) was much lower in the subjects with HR <median [71.3
b.p.m., adjusted hazard ratio 1.38, 95% confidence interval (CI) 1.20–1.59] than in those with HR >_median [2.09
(95% CI 1.75–2.51)]. In the participants stratified by HR tertile, the risk related to hyperuricaemia was 2.38 (95%
CI 1.82–3.10) in people with HR >_76 b.p.m. and was 1.24 (95% CI 0.92–1.67) in those with HR <66 b.p.m. Similar
results were obtained in the hypertensive patients, in the participants >_65 years, and in the subjects not taking
beta-blockers.

...................................................................................................................................................................................................
Conclusion This data suggest that the contribution of UA to determining CVM is modulated by the level of HR supporting

the hypothesis that activation of the sympathetic nervous system facilitates the action of UA as a cardiovascular
risk factor.
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Introduction

A large number of studies have shown that increased serum uric
acid (UA) is associated with cardiovascular mortality (CVM), and
risk for acute myocardial infarction, stroke, or congestive heart fail-
ure.1–6 Due to this body of evidence, UA has been included among
the factors that influence CV disease by the ESC/ESH Guidelines
for the management of the hypertensive patients.6 However, in
contrast with the above findings, some reports, including
one meta-analysis of 15 prospective studies, failed to show an inde-
pendent association between UA and adverse CV outcomes after
adjustment for major CV risk factors.7,8 This may be due to UA
requiring the presence of certain permissive factors before its
adverse effect on the CV system becomes apparent. For example,
some investigators have suggested that the detrimental effect of an
elevated UA may be increased by endothelial dysfunction9 or a
high sympathetic tone.10 Conversely, it has been shown that
the hyperuricaemia-related risk of future hypertension11 or
mortality12 was attenuated by regular physical activity, which is
accompanied by decreased sympathetic activity.

Elevated heart rate (HR) is another clinical variable recently
included in the list of CV risk factors for major CV events.6

The HR-CV disease association is thought to be due in part to
the direct action of HR on the CV system and in part to elevated
HR being a marker of increased sympathetic tone.13,14 It is thus
possible that UA and HR may jointly act to determine CV events
and mortality and that the CV effects of UA are more pronounced
in subjects with a faster HR. This hypothesis was explored within
the frame of the Uric acid Right for heArt Health (URRAH)
project, a multicentre study designed by the Working Group on
UA and CV risk of the Italian Society of Hypertension.5 The aim of
the URRAH project is to study the relationship between UA and
CV disease within a large sample of normotensive and hyperten-
sive subjects. The purpose of the present analysis was to verify
whether UA and HR concur to determine CV disease and whether
the risk of CVM associated with UA is modulated by the level of
resting HR.

Methods

Population
The URRAH project is an Italian multicentre retrospective, observational
study.5 The database was constructed by merging data from several cohorts
recruited within the Italian Centres of Hypertension and distributed in al-
most all the Italian regions. Subjects recruited in prospective observational
cohort studies and patients attending hypertension clinics were included.
Studies were eligible if baseline information on UA and cardiovascular risk
factors were available, and if the follow-up included fatal and non-fatal CV
events. Patients with previous cardiovascular events were excluded. For
this study, we selected 19 128 participants in whom anthropometric meas-
ures, UA, HR, office systolic and diastolic blood pressures (BP), fasting blood
lipid and glycaemic profiles, estimated glomerular filtration rate (eGFR), and
information on cardiovascular risk factors were available.

Study protocols were approved by the local ethics committees in all
participating centres and written informed consent was obtained from all
of the participants. All procedures were in accordance with the ethical
standards of the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amendments or compar-
able ethical standards.

Procedures
Diabetes mellitus was defined by treatment with antidiabetic drugs, fast-
ing plasma glucose >_126 mg/dL, or haemoglobin A1c >_48 mmol/mol.
Hypertension was defined by the presence of at least two BP recordings
>140/90 mmHg or treatment with antihypertensive medications.
Low-density lipoprotein (LDL) cholesterol was calculated as: total
cholesterol - HDL cholesterol levels, minus triglyceride level divided by 5,
if the triglyceride level was <400 mg/dL. Estimated glomerular filtration
rate was calculated from serum creatinine using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation.15 Mortality
from major cardiovascular diseases (International Classification of
Diseases, Tenth Revision (ICD-10) included deaths from diseases of
heart, essential hypertension and hypertensive renal disease, and
cerebrovascular diseases (Supplementary material online, Table S1).
Information about death was obtained from hospital records or death
certificates. Other details of the URRAH project and the procedures
used to measure office BP and HR have been previously published.5
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Statistical analysis was carried out using SAS (SAS Institute Inc., Cary, NC,
USA) and SYSTAT version 12 (SPSS Inc., Chicago, IL, USA) packages.
Differences in mean values were tested with an unpaired Student t-test.
For correlations, the Pearson’s test was used. The associations between
UA, HR, and time to CVM were analysed using the Cox proportional haz-
ards regression model. All models were initially adjusted for age and sex.
Subsequently, all models were further adjusted for the following variables:
smoking, diabetes mellitus, systolic BP, serum cholesterol, and eGFR. For
all analyses, the follow-up time was defined as the period between the
baseline visit and the last confirmed follow-up or date of event. The rela-
tionship between CVM and UA or HR as continuous variables was mod-
elled by including both linear and non-linear (restricted cubic spline)
terms to characterize the functional form of the associations. We used a
Wald test for the regression coefficients (i.e. linear and spline) to test the
null hypothesis that risk factors had no effect.16 We applied the same test
to the coefficients of the spline variables to test the null hypothesis that
the effect on outcome was linear. The hazard ratios from the multivari-
able analyses and their corresponding two-sided 95% confidence intervals
(CIs) were derived from the regression coefficients in the Cox models.
The joint effect of UA and HR on CVM was also analysed using UA and
HR as categorical variables to facilitate interpretation and risk stratifica-
tion in clinical practice. Participants were grouped according to tertiles of
UA and HR above or below the median. For HR we chose the median
split because the HR-CVM association showed a plateau above the 50th
percentile (Figure 1). To assess the incremental predictive value for CVM
risk afforded by risk factors, we calculated the continuous net reclassifica-
tion improvement (cNRI), which does not depend on the arbitrary choice

of categories, and the integrated discrimination improvement (IDI) using
methods suitable for survival data, and the bootstrap method to obtain
bias-corrected 95% CIs.17,18 As UA and HR predictive power for out-
come may differ according to age, gender, diabetes, hypertension, and
use of beta-blockers, to ensure the robustness of the present findings a
series of sensitivity analyses were performed in men and women, in sub-
jects >_65 years, and then excluding the normotensive subjects (office BP
< 140/90 mmHg), the patients with diabetes, and the patients taking beta-
blockers. Analyses were performed using a significance level of a = 0.05
(two-sided).

Results

The study population consisted of 9689 women (50.7%) and 9439
men (49.3%). At enrolment, 6902 participants (36.1%) were current
or former smokers, 2117 (11.1%) were diabetic, and 12 829 (67.1%)
were hypertensive. Of these, 1751 subjects were on beta-blocker
therapy. Mean age ± SD was 53.3± 14.6 years, office systolic BP was
143.0± 23.6 mmHg, and diastolic BP was 84.7± 12.5 mmHg. Uric
acid was higher in men (5.19± 1.40 mg/dL; SI units, 0.309 ± 0.083)
than in women (4.85 ± 1.41 mg/dL; SI units, 0.288 ± 0.084)
(P < 0.0001), whereas HR was lower in the former (70.8± 12.5 vs.
72.9 ± 12.0 b.p.m., P < 0.0001). The baseline characteristics of the
study participants, divided according to whether their HR was <71.3
or >_ 71.3 b.p.m. (median value) are reported in Table 1. Subjects with
higher HR were more frequently female and diabetic, were less

Figure 1 Cardiovascular mortality rate per 100 patient-years in the Uric acid Right for heArt Health participants stratified into deciles of uric acid
or heart rate. CV, cardiovascular.
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..frequently smokers, and had a worse metabolic profile. Uric acid
values were lower in the participants with higher HR. However,
after adjustment for age, sex, BMI, systolic BP, smoking, diabetes,
and eGFR, the difference was no longer significant (mean ± SEM,
5.01± 0.01 vs. 5.03 ± 0.01 mg/dL; SI units, 298.0± 0.59 vs.
299.2 ± 0.59, P = 0.146).

Correlations
Both UA and HR were significantly correlated with systolic and
diastolic BPs, body mass index, and metabolic variables (negative
correlation for HDL-cholesterol) also after Bonferroni correction
(Supplementary material online, Table S2). Uric acid and HR showed
a weak negative relationship which was no longer significant after
multiple adjustment (P = 0.196).

Association of uric acid and heart rate as
continuous variables with cardiovascular
mortality
During a median follow-up of 11.2 years (interquartile range
5.5–13.2), there were 1381 cases (7.2%) of CVM. The UA-CVM
relationship can be appreciated in Figure 1, left panel. In the partici-
pants divided into UA deciles, there was a progressive increase in
the rate of CV death from the bottom to the top decile. In Cox mod-
els, UA as a continuous variable adjusted for age, sex, and other risk
factors (including HR) was a significant predictor of CVM (Table 2).
The relationship between UA with CVM was linear with no formal
evidence for a non-linear association (P = 0.34 for non-linearity). For
each unit increase in UA, the relative hazard increase was 9.4%.
Heart rate was also strongly and independently associated with the
outcome. The relation between HR and CVM rate plateaued above
the 5th HR decile (Figure 1, right panel). In the multivariable Cox
model, including HR modelled as a non-linear term (P < 0.001 for
non-linearity), there was a significant 5.3% increase in risk for each
unit increment in HR (Table 2).

Association of uric acid and heart rate as
categorical variables with cardiovascular
mortality
In the main analysis, the overall population was stratified according to
HR levels <71.3 b.p.m. vs. higher than or equal to 71.3 b.p.m. and to
tertiles of UA. The lower limit of the top UA tertile was 5.5 mg/dL (SI
units 0.327 mmol/L). Considering the group with UA in the 1st UA
tertile (<4.3 mg/dL; SI units 0.256 mmol/L) and HR below the median
as the reference, all UA tertiles were significantly associated with
CVM when HR levels were >_ 71.3 b.p.m. (Figure 2). In the setting of
lower HR levels, only the participants belonging to the top UA tertile
showed a greater risk of CVM. It is noteworthy to observe that peo-
ple in the bottom UA tertile with high HR had a greater risk of CVM
than people in the top UA tertile but with low HR, even though the
UA � HR interaction did not reach formal statistical significance
(P = 0.126). To further evaluate the impact of elevated HR in patients
with high UA, we set the group defined by low HR and high UA as
the reference. In people with high UA, the predicted hazard ratio
associated with HR above the median was 1.52 (95% CI 1.36–1.70;
P < 0.001).

Figure 3 shows the cumulative incidence of CVM over time strati-
fied according to UA tertiles in the setting of HR below the median
(left panel) or equal to or above the median (right panel) over the
11.2-year period. In both HR groups, there was an increase in mortal-
ity on going from the 1st to the 3rd UA tertile. However, in the set-
ting of high HR, the risk associated with hyperuricaemia was
amplified. Similar relationships with CVM were found in the two gen-
ders though, among the participants of the high UA and HR group,
the adjusted hazard ratio was higher in the females (2.32, 95% CI
1.71–3.15) than among the males (1.57, 95% CI 1.18–2.08).

Sensitivity analyses
Similar to what was demonstrated in the overall population, when
stratifying the non-diabetic population according to UA and HR cate-
gories, the CVM risk was increased in the middle and top UA tertiles

....................................................................................................................................................................................................................

Table 1 Clinical characteristics of the participants (N 5 19 128) divided according to whether their baseline office
heart rate was below or above the median in the group (71.3 b.p.m.)

Characteristics Heart rate (< 71.3 b.p.m.) Heart rate (� 71.3 b.p.m.)

Age, years 58.0 (14.5) 58.6 (14.7) 0.004

Sex, male n (%) 5136 (53.9) 4304 (44.9) <0.0001

Smokers, n (%) 3899 (40.9) 3004 (31.3) <0.0001

Body mass index, kg/m2 26.7 (4.2) 26.8 (4.4) NS

Systolic blood pressure, mmHg 139.5 (22.6) 146.5 (23.9) <0.0001

Diastolic blood pressure, mmHg 81.9 (11.7) 87.5 (12.5) <0.0001

Heart rate, b.p.m. 62.4 (6.0) 81.3 (9.5) —

Uric acid, mmol/L 0.303 (0.083) 0.297 (0.083) <0.0001

Total cholesterol, mmol/L 5.49 (1.03) 5.53 (1.03) 0.007

HDL cholesterol, mmol/L (N = 17 099) 1.36 (0.49) 1.38 (0.49) <0.0001

LDL cholesterol, mmol/L (N = 16 835) 3.49 (0.92) 3.50 (0.93) NS

Diabetes mellitus, n (%) 950 (10.0) 1167 (12.2) <0.0001

eGFR, mL/min per 1.73 m2 80.0 (19.9) 80.9 (19.7) 0.005

Data are mean (SD) or n (%).
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.only in the setting of higher HR. Further sensitivity analyses showed
that similar results were obtained in the hypertensive patients, in the
participants 65 years of age or older and in the subjects not taking
beta-blockers (data not shown).

Added predictive value of uric acid and
heart rate to the risk models
A statistically significant cNRI was obtained after adding either UA or
HR to a multivariable model including age, sex, smoking, diabetes,
total cholesterol, eGFR, and systolic BP (Table 3). Separation be-
tween events and non-events, after the addition of UA or HR,
resulted in a significant IDI (Table 3). Significant cNRI and IDI were
obtained also when UA was included in a risk predictive model
including HR (Supplementary material online, Table S3).

Discussion

The present results confirm that UA and HR are independent predic-
tors of CVM.1–6,13,14 After addition of UA and HR to the multivari-
able Cox model significant risk discrimination and reclassification

improvements were obtained. In addition, we demonstrated for
the first time in a large sample of predominantly hypertensive
patients, that the UA-mediated risk of CVM was enhanced by con-
comitant elevated HR. In fully adjusted survival analyses, people
with UA >_ 5.5 mg/dL had a 109% increment in risk if their HR was
>_71.3 b.p.m. compared to people with UA <5.5 mg/dL. In people
with high UA but with HR below 71.3 b.p.m., the increase in
CVM risk was much lower (38%). The risk of adverse CV outcome
associated with UA and HR combined was present in both genders
at any age, and also after excluding people with diabetes or taking
beta-blockers.

Several experimental lines of research point to high HR as a
haemodynamic risk factor for the development of atherosclerosis
and its cardiovascular consequences.19 However, the association of
HR with CV disease has also been attributed to its being a marker of
autonomic nervous system dysfunction.13,14 Heart rate regulation
physiologically depends on the influence of sympathetic activity as
shown by several experimental studies.20,21 Recently, Esler et al.21 by
examining whether a fast HR is associated with an increased sympa-
thetic neural outflow to the heart in hypertension, showed that HR
was significantly correlated with cardiac norepinephrine spillover

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

Table 2 Multivariable Cox model for risk of cardiovascular mortality including uric acid and heart rate as continuous
variables or categorical variables

Variables Units Parameter estimate Standard error P-value Hazard ratio 95% confidence limits

Uric acid and heart rate as continuous variables

Heart rate b.p.m. 0.051 0.006 <0.001 1.053 1.040 1.065

Uric acid mmol/L 0.093 0.020 <0.001 1.097 1.056 1.140

Age Year 0.095 0.003 <0.001 1.100 1.093 1.107

Gender Male vs. female 0.282 0.061 <0.001 1.326 1.177 1.494

Diabetes Yes vs. no 0.628 0.062 <0.001 1.874 1.659 2.117

Smoking Yes vs. no 0.130 0.061 0.0344 1.139 1.010 1.285

Systolic BP mmHg 0.007 0.001 <0.001 1.007 1.004 1.009

Cholesterol mmol/L -0.002 0.001 0.0309 0.999 0.997 1.000

eGFR mL/min/1.73 m2 -0.010 0.002 <0.001 0.990 0.987 0.994

Uric acid Wald chi-square DF P-value Heart rate Wald chi-square DF P-value

Linear hypothesis tests

Effect 23.89 2 <0.0001 Effect 90.55 2 <0.0001

Non-linear 0.90 1 <0.3418 Non-linear 34.11 1 <0.0001

Variables Unit Parameter estimate Standard error P-value Hazard ratio 95% confidence limits

Uric acid categorized into tertiles and heart rate as a binary categorical variable based on sample median

Heart rate High vs. Low 0.416 0.057 <0.001 1.517 1.357 1.695

Uric acid Mid vs. Low 0.090 0.072 <0.211 1.094 0.950 1.260

High vs. Low 0.323 0.071 <0.001 1.382 1.201 1.589

Age Year 0.095 0.003 <0.001 1.099 1.092 1.106

Gender Male vs. Female 0.267 0.061 <0.001 1.306 1.159 1.471

Diabetes Yes vs. no 0.649 0.062 <0.001 1.914 1.695 2.162

Smoking Yes vs. no 0.106 0.061 0.084 1.112 0.986 1.254

Systolic BP mmHg 0.007 0.001 <0.001 1.007 1.005 1.009

Cholesterol mmol/L -0.001 0.001 0.033 0.999 0.997 1.000

eGFR mL/min/1.73 m2 -0.009 0.002 <0.001 0.991 0.987 0.995

BP, blood pressure.
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Figure 2 Hazard ratios and 95% confidence intervals from a multivariable Cox model for the participants categorized into tertiles of uric acid and
heart rate below or equal to or above the median value. eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; sUA, serum uric
acid.

Figure 3 Survival curves for risk of cardiovascular mortality by uric acid tertile in the participants categorized according to whether their heart rate
was below or equal to or above the median value. sUA, serum uric acid.
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..(r = 0.82), thereby supporting the notion that resting HR assessment
can provide reliable information on cardiac sympathetic drive.

A large wealth of studies including previous results from the
URRAH project5 have shown that high serum UA levels are associ-
ated with adverse outcomes, such as hypertension,11,22 insulin resist-
ance and diabetes mellitus,23 metabolic syndrome,24 endothelial
dysfunction,9,25 and even mortality from cardiovascular events.1,2,4,5

However, no cohort study tested the hypothesis that the risk of
CVM associated with hyperuricaemia may be enhanced by some facil-
itating factors.

The present finding that the combination of an elevated UA and a
fast HR is associated with a higher risk of CVM is compatible with the
hypothesis that an activation of the sympathetic nervous system is a
prerequisite for UA to act as a CV risk factor. Several lines of evi-
dence are in agreement with this hypothesis. Experimental studies
have shown that some systemic derangements, such as endothelial
dysfunction and chronic low-grade inflammation, can potentiate the
detrimental CV effects of UA.9,25,26 Chronic stimulation of the b-ad-
renergic sympathetic system with isoproterenol in rats induced vas-
cular damage characterized by endothelial dysfunction and increased
vasocontractile response, which was also associated with an increase
in local inflammatory cytokines.27,28 Fructose-induced postprandial
hyperuricaemia together with other humoral factors elevates vascu-
lar resistance in the kidneys.29 This renal vasoconstrictor response is
increased in the presence of sympathetic activation.10 It is thus pos-
sible that the joint effect of hyperuricaemia and high sympathetic ner-
vous system activity might facilitate the development of vascular
lesions.

In this study, UA level was strongly correlated with BP, BMI, and
metabolic variables confirming the association of UA with insulin re-
sistance described in previous reports.23,24 Because insulin resist-
ance/hyperinsulinaemia may increase sympathetic activity,30 this may
create a vicious cycle in which each factor reinforces the other.

The hypothesis that sympathetic tone and UA interact to deter-
mine CV disease is also supported by the clinical observation that
people who perform regular aerobic exercise are less prone to de-
velop UA-mediated hypertension.11 An Asian report has shown
that physical exercise was able to reverse the 27% increase in mor-
tality associated with high UA, and that among high UA individuals
being fully active extended life expectancy by 4–6 years12 indicating
that the benefits of being active was able to overcome the adverse
effects of high UA. The mechanistic basis of these observations
likely stems from the fact that regular physical activity reduces the
activation of the sympathetic nervous system.31–33 A possible link
between autonomic cardiac modulation and sUA is further sug-
gested by the finding that in hypertensive subjects, in particular in
those with the so-called ‘pre-hypertension’, elevated serum UA
levels display a statistically significant negative correlation with
time domain parameters of HR variability, largely reflecting para-
sympathetic cardiac modulation, and a positive correlation with
low-frequency power (LF) of HR variability, reflecting cardiac sym-
pathetic modulation.34

The results of the literature do not allow to determine at which
level of fast HR the increase in the sympathetic activity is manifest. In
the absence of objective data, current guidelines indicate the 80
b.p.m. cut-off as the upper normal limit of resting HR.6 In this study,
due to the parabolic relationship between HR and CVM with a flat-
tening of the curve around the median HR value, we divided the par-
ticipants into two groups (<71.3 or >_71.3 b.p.m.). In the group with
higher HR, the mean value was 81.3 vs. 62.4 b.p.m. in the group with
lower HR.

Limitations
This study has several limitations. Since no information was avail-
able on the subjects’ usual physical activity in all participants, a pos-
sible influence of this factor on the combined effect of UA and HR

....................................................................................................................................................................................................................

Table 3 Category-free net reclassification improvement and integrated discrimination improvement of uric acid and
heart rate for risk of cardiovascular mortality

Observed Bootstrap Normal based

Coeff. Std. error z P > z 95% CI

Uric acid added to base model

cNRI 0.189 0.025 7.64 0.000 0.141 0.238

Event cNRI 0.106 0.0253 4.20 0.000 0.057 0.156

Non-event cNRI 0.083 0.0066 12.65 0.000 0.070 0.096

IDI 0.004 0.0009 4.50 0.000 0.002 0.006

Event IDI 0.003 0.0008 4.50 0.000 0.002 0.005

Non-event IDI 0.0005 0.0001 4.45 0.000 0.0003 0.0007

Heart rate added to base model

cNRI 0.366 0.0401 9.12 0.000 0.287 0.4448

Event cNRI 0.286 0.0320 8.94 0.000 0.224 0.3491

Non-event cNRI 0.079 0.0151 5.27 0.000 0.050 0.1095

IDI 0.009 0.0031 2.99 0.003 0.003 0.0153

Event IDI 0.008 0.0027 3.02 0.003 0.003 0.0135

Non-event IDI 0.001 0.0004 2.75 0.006 0.0003 0.0018

Age, sex, smoking, diabetes mellitus, systolic blood pressure, serum cholesterol, and eGFR were included in the base model.
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.
cannot be excluded. In addition, we had no information on the
type of food consumed that may affect UA level. Detailed mechan-
istic insights from this analysis are lacking because we had not a dir-
ect measure of sympathetic nervous outflow. However, elevated
resting HR is a recognized marker of neuro humoral activation.
Although a number of covariates were adjusted for, some degree
of residual confounding was likely to remain, because variables
such as statin and diuretic use were not included in the analysis.
Finally, given the retrospective nature of our research, we are
aware that the associations found in this study do not necessarily
imply a causal relationship. However, experimental evidence
endorses the theory that UA may interact with other systemic
derangements in the pathogenesis of CV disease.

Conclusions
There remains considerable debate as to which patients stand to
benefit the most from UA lowering. The present data suggest that
the contribution of UA to determining CV disease can be better
determined if pulse rate is taken into account. The higher the HR the
greater the increment in risk associated with hyperuricemia. This sug-
gests that a potential target population for UA reducing treatment
could be identified by selecting individuals with concomitantly raised
HR levels. Conversely, HR reduction should be considered chiefly in
individuals with concomitantly raised UA levels. Randomized clinical
trials should be implemented to test those hypotheses and to esti-
mate the magnitude of the reductions required to produce a clinically
relevant decrease in mortality risk.
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Supplementary material is available at European Journal of Preventive
Cardiology online.
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