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This review summarizes recent published literature on the association between serum uric acid and cardiovascu-
lar disease, a relationship which is complex and not fully elucidated. Uric acid may be a marker for risk, a causa-
tive agent in cardiovascular disease, or both. Various biologic factors can influence serum uric acid levels, and
serum uric acid level itself is closely related to conditions such as hypertension, dyslipidemia, obesity, and im-
paired glucose metabolism, that contribute to cardiovascular disease pathophysiology. Serum uric acid levels
have been found to be associatedwith adverse outcomes, including mortality, in the general population. In addi-
tion, serum uric acid is associated with increased risk for incident coronary heart disease, heart failure, and atrial
fibrillation. In the setting of established systolic heart failure, serum uric acid is positively associatedwith disease
severity and mortality risk. Whether targeting treatment based on uric acid levels might affect clinical outcomes
is still being studied.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Background

The association between serum uric acid (SUA) and cardiovascular
(CV) disease has long been recognized. However, it has not been defini-
tively established whether SUA is merely a marker for risk or a causative
agent in CV disease, or whether treatment targeting SUA levels affects
outcomes. SUA is closely related to conditions such as hypertension, dys-
lipidemia, obesity, impaired glucose metabolism, and metabolic syn-
drome, which contribute to CV disease pathophysiology [1,2]. Although
many studies have found SUA to be independently associated with CV
risk and events [3,4], there have also been compelling arguments made
that the apparent association is primarily a function of SUA being strongly
collinear with established CV risk factors [5,6]. Some of the variation in
study results likely relates to differences in population characteristics
and statisticalmethods, and the strength and independence of the associ-
ation between SUA and CV disease pathophysiology and outcomes re-
main controversial. Therefore it is not known whether CV treatment
should be targeted to lower SUA or tailored based on risk associated
with SUA level. This review summarizes relevant studies examining the
association between SUA and CV disease risk in the general population,
and in the setting of specific CV disease states, aswell as trials of SUA low-
ering and xanthine oxidase (XO) inhibition for treatment of CV disease.

2. Pathophysiology

Variations in SUA levels exist in association with various demo-
graphic factors such as race and sex, as well as CV comorbidities and
medications (Table 1). In general, higher SUA levels are found in men
versuswomen,with older age, higher blood pressure, increasing choles-
terol level and creatinine, and higher body mass index [3,7,8]. Higher
SUA levels are also associated with reported diuretic use, and intake of
alcohol, meat and seafood [3,9,10]. Smoking does not appear to signifi-
cantly influence SUA levels [3]. One study found lower SUA among
African versus Caucasian men [11], although others have found higher
SUA in black versus white persons [3]. There is also evidence for genetic
influence of SUA levels in different racial/ethnic groups [12,13].

These associations are complex and confounded by causative relation-
ships. Thiazide diuretics may induce hyperuricemia, and raise cholesterol
and glucose levels [14]. Diuretic usemay also be amarker formore severe
hypertension, which is itself associated with elevated SUA.
Hyperinsulinemia, a key feature of the metabolic syndrome, causes
renal urate and sodium reabsorption, the latter of which may lead to
hypertension [15]. In addition, some of the sex differences in SUA levels
may be related to the presence of estrogen, which induces renal uric
acid excretion [16], and SUA levels are indeed higher inwomen following
menopause [5]. Some authors postulate that uric acid itself may be harm-
ful, by inducing smooth muscle cell proliferation that leads to renal and
vascular disease [17]. However, there is significant evidence that SUA is
more of amarker for increased oxidative stress than aprimary contributor
to CV disease pathophysiology. Upregulation of the XO metabolic

International Journal of Cardiology 213 (2016) 4–7

⁎ Corresponding author at: Heart Failure and Heart Transplant Management Program,
Cardiovascular Center, SPC 5853, University of Michigan Health Systems, 1500 E.
Medical Center Drive, Ann Arbor, MI 48109–5853, USA.

E-mail address: ahwu@med.umich.edu (A.H. Wu).

http://dx.doi.org/10.1016/j.ijcard.2015.08.110
0167-5273/© 2015 Elsevier Ireland Ltd. All rights reserved.

Contents lists available at ScienceDirect

International Journal of Cardiology

j ourna l homepage: www.e lsev ie r .com/ locate / i j ca rd

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcard.2015.08.110&domain=pdf
http://dx.doi.org/10.1016/j.ijcard.2015.08.110
mailto:ahwu@med.umich.edu
http://dx.doi.org/10.1016/j.ijcard.2015.08.110
http://www.sciencedirect.com/science/journal/01675273
www.elsevier.com/locate/ijcard


pathway contributes to vasoconstriction and reduced myocardial func-
tion, increased oxidative stress and hyperuricemia [18].

3. General population

There have been inconsistent results of large population analyses of
relationships of SUA to CV and all-cause mortality risk. Analysis of the
community-based Framingham cohort, including 117,276 person-years
of follow-up, found that SUA level was ultimately not associated with
risk for incident coronary heart disease (CHD), CV death, or all-cause
death. On initial analysis, it appeared that there was an increased risk as-
sociated with higher SUA among women, but in fully adjusted multivari-
ate Cox models, this apparent risk was no longer significant. Once
established risk factors such as blood pressure, diabetes, smoking, and di-
uretic treatmentwere added to themodel, SUAwas no longer significant-
ly associated with risk [5]. A study of the British Regional Heart Study
population found similar results. This study, including middle-aged
7735 men (average 16.8 year follow-up), found that SUA was strongly
correlated with many CV risk factors and was positively associated with
risk for fatal and non-fatal CHD events. However after full adjustment
for potentially confounding clinical factors, this relationshipwasno longer
significant. Although there was a trend toward significance in the sub-
group of men with definite previous myocardial infarction, this relation-
ship was not significant in the majority of the group (88% of the study
population), who had no history of CHD [8].

In contrast, analysis of the First National Health and Nutrition Exam-
ination Survey (NHANES 1) Epidemiologic Follow-up Study (NHEFS)
found that increased SUA levels were independently and significantly
associated with risk of CV mortality among men and women, over an
average 16.4 year follow-up. In this study, the HR for CV diseasemortal-
ity was 1.09 (95% CI 1.02–1.18) for men and 1.26 (95% CI 1.16–1.36) for
women, per 1 mg/dl increase in SUA [3]. The differing results of these
two large studies havebeen attributed to differences in population char-
acteristics. The NHANES population had more racial diversity and was
on average slightly older than the Framingham population. In addition,
all-cause and CV mortalities were significantly higher in the NHANES
population, suggesting the presence of other important population dif-
ferences [3]. Many other studies have generally found a positive associ-
ation between SUA and CV and all-cause mortality, including large,
community-based population studies [4,19,20].

4. Hypertension

SUA is positively associatedwith risk of incident hypertension [21]. El-
evated SUA in the setting of hypertension may be related to renal
involvement, leading to impaired uric acid excretion, and/or related to
antihypertensive treatment. Hyperuricemia and hypertension may both
result from the common pathway hyperinsulinemia due to insulin resis-
tance, which increases urine sodium retention and decreases renal uric
acid clearance. In the Systolic Hypertension in the Elderly (SHEP) study,
increases in SUA below the median for the population (b .06 mmol/L
over 5 years) was associated with a lower risk for CHD events versus
those with ≥ .06 mmol/L increase (HR 0.58, 95% CI 0.37–0.92) [22]. The
Losartan Intervention for Endpoint reduction (LIFE) study found losartan

to be superior to atenolol in reducing CV events andmortality, among pa-
tients treated for hypertension [23]. Losartan is unique among angioten-
sin receptor blockers because it induces lowering of SUA [24]. ACE
inhibitors and calcium channel blockers have mild uricosuric effects but
do not significantly lower SUA, beta-blockers may have minor or neutral
effects on SUA, and diuretics tend to increase SUA [25–27]. Although
there was a lesser increase in SUA over time in the losartan treated
group versus the atenolol group in the LIFE study, after adjusting for Fra-
mingham risk score baseline SUA was significantly associated with risk
for CV events only among women (HR 1.013, 95% CI 1.00–1.025, p =
0.046) and not in men, or in the study population as a whole [23].
These findings suggest that, in the setting of hypertension, the prognostic
effect of SUA is likely more related to the close association of SUA with
traditional CV risk factors rather than a truly independent effect.

5. Coronary heart disease

SUA does not appear to be significantly associated with increased risk
for incident CHD in the general population, but in groups at high risk for
or with established CHD, the strength of the association found between
SUA and mortality in various studies has been inconsistent. In the
community-based Framingham population, SUAwas associated with an-
tihypertensive therapy, but after adjusting for multiple confounders, was
not associated with development of CHD [1]. Among patients considered
at high risk for CV disease (referred to Cleveland Clinic preventive cardi-
ology clinic for evaluation and prevention of CHD), SUA was associated
with an adjusted HR 1.26 (95% CI 1.15–1.38) risk for death, per 1 mg/
dl increase [28]. In the Multiple Risk Factor Intervention Trial (MRFIT),
which included 9105 men with an above-average risk for CHD, there
was an increased risk for CHD death and death from any cause in per-
sons with gout versus those without, over a 17 year follow-up period;
however, there was only a weak association between hyperuricemia
(defined asmean SUA over all 6 study visits of ≥7.0mg/dl) and CVmor-
tality [29]. In the British Regional Heart Study community-based popu-
lation, there was only a non-significant trend toward association
between SUA and risk for fatal and non-fatal CHD events among the
subgroup of men with definite prior myocardial infarction [8]. After
acute myocardial infarction, increasing SUA was significantly indepen-
dently associated with 30-day and long term mortality; of note, SUA
was closely correlated with Killip class [30], a measure of heart failure
(HF) severity in the setting of acute myocardial infarction and a well-
established and powerful prognostic indicator [31]. Other studies have
also demonstrated increased risk for adverse outcomes associated
with elevated SUA among patients with acute coronary syndromes as
well [32].

6. Heart failure

SUA is associated with increased risk for incident HF, and with
increased mortality risk in patients with existing systolic HF. In the
community-based population of the Cardiovascular Health Study, SUA
was associated with an increased risk for new-onset HF, with a HR
1.12 (95% CI 1.03–1.22) per 1 mg/dl increase in the population as a
whole, and HR 1.30 (95% CI 1.05–1.60) among persons with hyper-
uricemia versus normals. In subgroup analysis, this relationship be-
tween SUA and incident HF remained significant only in groups in
which hyperuricemia was likely related to increased XO activity
leading to uric acid production rather than decreased renal excretion—
specifically, groups without hypertension or renal disease, or being
treated with thiazide diuretics [33]. In a similar analysis, it was found
that SUA was associated with new-onset HF among patients without
hyperinsulinemia, but not in those with hyperinsulinemia, despite
higher SUA levels in the latter group. As XO activity is increased in the
setting of insulin resistance and hyperinsulinemia, this funding suggests
that the association may be due to increased XO activity rather than a
direct effect of SUA [34].

Table 1
Factors associated with higher serum uric acid levels.

• Male
• Elderly
• Higher blood pressure,
• High cholesterol level
• High creatinine
• Higher body mass index
• Diuretic use
• Intake of alcohol, meat and seafood
• Genetic influence in different racial/ethnic groups
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