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a b s t r a c t

Background and aims: Many studies have reported the independent association between uric acid and
cardiovascular disease, its role as a risk predictor for outcomes in people with acute coronary syndrome
remains controversial. This study aims to assess the association between hyperuricemia and medium/
long-term clinical outcomes in people with acute coronary syndrome and determine whether adding
hyperuricemia to the GRACE score improves its predictive capability.
Methods: This cohort study included patients admitted for acute coronary syndrome between 2008 and
2013. Outcomes were cardiovascular and total mortality, and major cardiovascular events. We used a
multivariate model to adjust for potential confounding covariates and presented event rates with
Kaplan-Meier curves. After adding hyperuricemia to the GRACE score, we compared scores from the
reclassification table and the net reclassification improvement.
Results: 1119 participants were included and followed-up for a mean of 36 months. Multivariate models
showed hyperuricemia was independently associated with higher cardiovascular mortality (HR:1.91; 95%
CI:1.32e2.76; p< 0.01), higher all-cause mortality (HR:1.59; 95% CI:1.18e2.15; p< 0.01) and higher major
cardiovascular event rates (HR:1.36; 95% CI:1.11e1.67; p< 0.01). The hyperuricemia addition to GRACE
score led to reclassifying 26% of the participants, and net reclassification improvement was 34%. How-
ever, the area under the curve increase was 0.009 and not statistically significant (p> 0.05).
Conclusions: Hyperuricemia is associated with higher medium/long-term mortality and major cardio-
vascular event rates in patients following acute coronary syndrome. The addition of hyperuricemia to the
GRACE score seems to improve risk classification but the discrimination of the new predictive model did
not change. Hyperuricemic patients had higher all-cause mortality in medium and high-risk score
categories.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

Different authors have suspected an association between
elevated serum uric acid (SUA) levels and cardiovascular disease
since the late nineteenth century [1,2]. A number of studies have
shown that SUA concentration is significantly associated with
ante, Cardiology Department,
n.
ro).
cardiovascular conditions [3e7]. At the same time, elevated SUA
levels are linked to various cardiovascular risk factors, including
hypertension [8], dyslipidemia [9], diabetes [10], obesity [11],
metabolic syndrome, kidney failure [12] and specific target organ
damage, making it difficult to determine whether uric acid is a
cause or a consequence of these conditions [13,14].

Many epidemiological studies have shown through multivariate
analyses that hyperuricemia is an independent risk factor for the
development of cardiovascular disease and/or vascular morbidity
and mortality, particularly in patients with hypertension or
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congestive heart failure [15,16]. A recent systematic review showed
that hyperuricemia may slightly increase the risk of CAD events,
independently of traditional cardiovascular risk factors [17].
Nevertheless, not all population-based epidemiological studies
support this hypothesis [18], and other authors have suggested that
hyperuricemia is a risk marker rather than an independent risk
factor [19,20]. Medical societies have not recognized elevated SUA
as a cardiovascular risk factor [14].

The association between elevated SUA and poor clinical out-
comes in people with stable CAD and heart failure is well docu-
mented [17,21], but less is known about SUA as a potential predictor
of outcomes after acute myocardial infarction, particularly in high-
risk patients [22,23]. Over the past few years, several studies have
explored the value of on-admission SUA to predict outcomes in
patients with acute coronary syndromes (ACS) [5,23]. A recent
meta-analysis showed that hyperuricemia was associated with a
46% increased risk of adverse clinical events after any percutaneous
coronary intervention (PCI) [24]. There is less evidence on how
hyperuricemia impacts the long-term prognosis after ACS.

Acute myocardial infarction remains one of the most prevalent
causes of death worldwide, with the highest mortality rates within
the first month of an event [25]. Clinical decision-making requires
an accurate assessment of cardiovascular risk, which has a signifi-
cant influence on choosing between different management stra-
tegies that vary in terms of benefits, risks, and costs [26]. SUA may
be a powerful tool to help stratify risk for cardiovascular disease
[16], and risk stratification systems for patients with acute
myocardial infarction, like the Global Registry of Acute Coronary
Events (GRACE) [27], could benefit from including SUA, particularly
as this marker is readily and reliably obtainable at a low cost [28].

Despite extensive research, the role of SUA as a potential risk
predictor for outcomes in people with ACS remains controversial.
Therefore, the present study aims to assess the prognostic value of
hyperuricemia in ACS patients for medium/long-term clinical out-
comes after hospital discharge and to evaluate the reclassification
of the GRACE risk score.

2. Patients and methods

This is a prospective cohort study in a tertiary university hos-
pital with a 24 h a day, seven days per week primary percutaneous
coronary intervention service. We initiated a continuous registry of
all non-scheduled admissions in the Cardiology Unit in December
2008 [29], and we included all consecutive patients admitted for an
ACS between December 2008 and December 2013. ACS diagnosis
was defined as [1] typical clinical symptoms of chest pain [2];
electrocardiographic changes indicative of myocardial ischemia/
lesion; and/or [3] elevation of serum markers of myocardial dam-
age. ACS was classified as ST-segment elevation ACS or non ST-
segment elevation ACS based on electrocardiographic findings
[30]. We excluded patients who died within 24 h of admission and
those from whom we could not obtain SUA determination. All
participants provided informed consent. The study was approved
by the institutional review board and was carried out in accordance
with the Helsinki Declaration.

After discharge, participant follow-up was carried out by means
of outpatient visits, telephone calls, and revision of clinical reports
and electronic medical records, in order to obtain clinical status and
outcome events from study inclusion to October 2016 or first
observed outcome event. All primary care visits, medical in-
terventions, emergency calls, visits to the emergency room and
hospital readmissions were recorded in a centralized electronic
medical record system.

The primary endpoint was cardiovascular mortality. The sec-
ondary endpoints were all-cause mortality and major
cardiovascular event (defined as non-fatal ACS, unplanned revas-
cularization, or readmission for any cardiovascular disease
including heart failure, stroke or unstable angina). Long-term sur-
vival analysis was performed only with patients discharged from
hospital. Therefore, hospital mortality was not included as an
endpoint.

At baseline, we collected demographic characteristics, cardio-
vascular risk factors, previous medical history, laboratory data
during the hospitalization, vital signs on admission, treatment, and
diagnosis at discharge from all patients.

SUA levels were routinely measured following overnight fasting
from peripheral venous blood samples within the first 24e48 h of
hospitalization. Colorimetry and uricase method were used to
measure it. According to the local laboratory reference range, hy-
peruricemia was defined as SUA higher than 7mg/dL (420 mmol/L)
in men and 5.7mg/dL (342 mmol/L) in women. The glomerular
filtration rate (GFR) was estimated on admission from serum
creatinine values with the Modification of Diet in Renal Disease
(MDRD) study equation [31]. GFR values less than 60mL/min/m2

were considered to indicate kidney failure. We also obtained other
routine biochemical measurements after overnight fasting: he-
moglobin, total cholesterol, high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides,
and glycated hemoglobin A1C (HbA1c). We measured body weight
and height during hospitalization and calculated body mass index
(BMI).

We defined comorbid hypertension, dyslipidemia and diabetes
mellitus according to previous diagnosis on patient medical reports
or if the patient was receiving specific therapies. Participants with
HbA1c greater than or equal to 6.5% and no previous diagnosis were
codified as diabetics. We considered participants to have had pre-
vious CAD if they had been diagnosed with myocardial infarction,
stable or unstable angina, or angina-driven coronary revasculari-
zation. Previous heart failure was codified in participants with at
least one prior hospitalization plus these principal diagnoses
recorded at discharge, as well as in those with typical signs and
symptoms of heart failure, confirmed by echocardiogram. Patients
underwent an echocardiography within 48 h post-admission, and
left ventricular ejection fraction (LVEF) was calculated using the
Simpson's method. Heart failure during hospitalizationwas defined
as Killip class II or higher.

Risk stratification was performed by means of the GRACE score
[27], with any score over 140 denoting high risk. Comorbidity was
assessed by the Charlson index adapted for people with CAD [32].

In addition, we also collected medical complications and clinical
events that occurred during hospital stay. We considered the
following to be major hospital complications: cardiac arrest, heart
failure, non-scheduled revascularization, stroke, major bleeding,
blood transfusion and cardiogenic shock. A cardiologist was
responsible for all diagnoses and medical histories, and all clinical
variables were recorded at hospital discharge.

2.1. Statistical analysis

Data were processed with SPSS 22.0 and STATA 14.0 software.
We present quantitative variables as means (standard deviation
[SD]) and assess differences by the Student's t-test and ANOVA
procedure. Qualitative variables are expressed as percentages, and
differences were analyzed by Chi-square test. Event rates through
follow-up are presented by Kaplan-Meier curves, and the survival
distributions were compared by log-rank tests. Cox's hazard
regression models were used for survival analyses once propor-
tional risk tests were verified. Multivariate analysis was adjusted
using the likelihood ratio test for variables selection procedure. A
selective stepwise-all variables with a p value< 0.05 were assessed
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in a step-backward model. The results are presented as hazard ra-
tios (HR) with 95% confidence intervals (CI). The model's discrim-
inative accuracy was assessed by the Harrell's C-statistic, while its
calibrationwas tested by the Gronnesby and Borgan test, which is a
model check for the Cox regression model using martingale resid-
ual processes grouped after the risk score. Additionally, we used the
Cox's hazard regression model for survival analysis of subgroups
stratified by the presence of diabetes, hypertension or kidney fail-
ure, including the same variables.

To assess reclassification measures, we applied methods sug-
gested by Cook et al. [33] and Pencina et al. [34], comparing the
additional value of hyperuricemia to the GRACE score. Reclassifi-
cation tables were constructed to determine the numbers of par-
ticipants who were reclassified by the model that included both
scores. We then calculated the number and proportion of correctly
reclassified participants based on the actual mortality rate
observed in each GRACE strata through follow-up (<10%, 10e25%
and >25%). The improvement in model performance was assessed
by the continuous version of net reclassification improvement
(NRI) and the integrated discrimination improvement (IDI). Net
reclassification improvement (NRI) represents the average
weighted improvement in discrimination, and no censored data
were allowed for its calculation. The area under the curve (AUC)
and Hosmer-Lemeshow goodness-of-fit test were also calculated
both for themodels with andwithout the hyperuricemia data.With
the HosmereLemeshow test, the quality of the original and new
model was compared. The threshold for establishing statistical
significance was p< 0.05.

3. Results

The study population included 1323 patients, 204 of whomwere
excluded due to lack of SUA determination during hospital stay.
Thus, the study cohort consisted of 1119 participants (74% men,
n¼ 830) with a mean age of 68 (SD 13) years. Baseline character-
istics are presented in Table 1. The prevalence of hyperuricemiawas
34.4%; participants with high SUA levels were slightly older; had
higher prevalence of hypertension, previous heart failure and kid-
ney failure; and were more likely to be taking diuretics. Global
assessment of comorbidities, assessed by the Charlson index, was
also slightly higher in participants with hyperuricemia. The GRACE
score was higher in the hyperuricemia group, with proportionally
more participants classified as high risk compared to the group
without hyperuricemia. Overall, the revascularization rate was
86.5%, but this was significantly lower in patients with hyperuri-
cemia. With regard to the recommended treatment at discharge
(Supplemental Table 1), the covariances between all treatments at
discharge and hyperuricemia were considered and hyperuricemic
participants were more likely to receive treatments in line with
clinical practice guidelines, such as dual antiplatelet treatment,
beta-blockers, angiotensin-converter enzyme inhibitors, angio-
tensin receptor blockers or statins. The use of allopurinol was very
low in both groups.

Post-discharge follow-up was achieved for 98% of the patients,
with a median follow-up of 36 months (interquartile range [IQR]
14.0 to 60.0). In our overall population, in-hospital mortality was
2.8%, but it was almost three-fold higher in participants with hy-
peruricemia (4.7% vs. 1.8%; p ¼ 0.005). The incidence of major
hospital complications was 8.7%, and this was also higher in par-
ticipants with hyperuricemia (11.7% vs. 7.1%; p ¼ 0.009). Overall,
cardiovascular mortality rate was 10.9%; all-cause mortality, 16.3%;
and major cardiovascular events, 36.9%. As shown in Fig. 1, partic-
ipants with hyperuricemia had higher event rates, and survival
curves diverged significantly very early after hospital discharge.

In the univariate analysis, age, sex, cardiovascular risk factors
(BMI, hypertension, smoking habit, diabetes and dyslipidemia),
previous coronary heart disease, stroke or heart failure, revascu-
larization during hospitalization, GRACE score, Charlson index,
medical treatment at discharge and hyperuricemiawere significant
predictors of outcome. The multivariate analysis, adjusted for age,
sex, cardiovascular risk factors (BMI, hypertension, smoking habit,
diabetes and dyslipidemia), glomerular filtration rate, previous
coronary heart disease, heart failure or stroke, as well as medical
treatments at discharge (clopidogrel, prasugrel, ticagrelor, dual
antiplatelet treatment, betablockers, ACEI/ARB, statins, diuretics,
espironolactone/eplerenone, nitrates, oral antidiabetics), showed
that hyperuricemia was independently associated with higher
cardiovascular and all-cause mortality as well as the combined
endpoint of major cardiovascular events (Table 2). The model had a
good discriminative power (Harrel's C-statistic¼ 0.81) and was
accurately calibrated (Gronnesby and Borgan test¼ 0.77). We
further explored the association of hyperuricemia with total and
cardiovascular mortality by participant subgroups (see Table 1,
Tables 2 and 3 in Ref [35]). In the subgroup of patients without
kidney failure, both total and cardiovascular mortality were still
significantly higher in hyperuricemic participants. However, in the
group of non-diabetic participants, hyperuricemia was not a sig-
nificant predictor of mortality. And for non-hypertensive patients,
hyperuricemia was only a significant predictor of cardiovascular
mortality.

Finally, we analyzed the results of adding hyperuricemia to the
GRACE score (Table 3). Whenwe performed the risk reclassification
for all-cause mortality based on hyperuricemia using the original
GRACE score (Supplemental Fig. 1), participants with hyperurice-
mia had higher mortality in medium and high risk score categories.
The addition of hyperuricemia to the GRACE score led to reclassi-
fying 26.1% (n¼ 284) of the participants (Table 3), and was asso-
ciated with a continuous NRI of 0.343 (95% CI: 0.174 to 0.509), an
event NRI of �0.040 (95% CI: �0.194 to 0.121), a non-event NRI of
0.382 (95% CI: 0.331 to 0.448), and an IDI of 0.012 (95% CI: 0.001 to
0.032). Both the original GRACE score and GRACE score with hy-
peruricemia remained calibrated within the reclassification table
(reclassification Hosmer-Lemeshowchi-square 7.94 (p¼ 0.439) and
2.81 (p ¼ 0.945) respectively). The AUC of the newmodel showed a
slightly increase from 0.7065 to 0.7152 although without signifi-
cant difference (p> 0.05).

4. Discussion

The prevalence of hyperuricemia was 34.4% in our ACS partici-
pants, and a SUA level above the normal range was independently
associated with both total and cardiovascular mortality as well as
major cardiovascular events in medium/long-term follow-up. The
association of hyperuricemiawithmortality remained significant in
patients without kidney failure, but not in participants without
diabetes. Moreover, the addition of hyperuricemia information to
the GRACE risk score seemed to improve classification for a net of
38% of individuals without events. Although the new model had
good calibration and discrimination, the increase in AUC was weak
and not statistically significant.

The prevalence of hyperuricemia varies in different populations
and areas [36]. The prevalence found in our study is similar to that
reported by Timoteo et al. [37] in a Portuguese cohort. In contrast,
the prevalence of hyperuricemia is lower in other countries [38,39].
Previous studies have also reported differences related to sex in
prevalence and association with CAD [17]. However, we did not
observe differences between men and women.

Participants with hyperuricemia in our study cohort had
significantly higher prevalence of hypertension, kidney failure,
previous heart failure, and diuretic treatment was significantly



Table 1
Baseline characteristics of the study population according to the presence of hyperuricemia.

Variable Total Hyperuricemia p-value

No Yes

N 1119 734 (65.6%) 385 (34.4%)
Age, mean (SD) 68.1 (12.9) 67.1 (12.6) 70.0 (13.2) <0.01
Males, n (%) 830 (74.2) 558 (76.1) 272 (70.6) 0.05
BMI (kg/m2), mean (SD) 27.8 (4.4) 27.5 (4.3) 28.3 (4.7) 0.01
Hypertension, n (%) 751 (67.1) 469(63.9) 282 (73.2) <0.01
Current smokers, n (%) 342 (30.6) 235(32.0) 107 (27.8) 0.14
Diabetes, n (%) 390 (34.9) 245 (33.4) 145 (37.7) 0.15
Dyslipidemia, n (%) 577 (51.6) 373 (50.8) 204 (53.0) 0.49
ST-elevation ACS, n (%) 351 (31.4) 232 (31.6) 119 (30.9) 0.81
Previous CHD, n (%) 324 (29.0) 215 (29.3) 109 (28.3) 0.73
Previous HF, n (%) 33 (2.9) 15 (2.0) 18 (4.7) 0.01
Previous stroke, n (%) 71 (6.3) 44 (6.0) 27 (7.0) 0.51
Peripheral arterial disease, n (%) 71 (6.3) 45 (6.1) 26 (6.8) 0.68
COPD, n (%) 101 (9.0) 61 (8.3) 40 (10.4) 0.25
Diuretic treatment before admission, n (%) 177 (15.8) 94 (12.8) 83 (21.6) <0.01
Maxim Killip class >1, n (%) 200 (17.9) 92 (12.5) 108 (28.1) <0.01
Charlson score, mean (SD) 2.3 (2.1) 2.3 (2.1) 2.5 (2.2) 0.04
Charlson score >4, n (%) 226 (20.2) 142 (19.3) 84 (21.8) 0.33
GRACE score, mean (SD) 136.7 (39.5) 132.1 (37.5) 145.4 (41.8) <0.01
GRACE score >140, n (%) 470 (42.0) 273 (37.2) 197 (51.3) <0.01
Revascularization, n (%) 968 (86.5) 650 (88.6) 318 (82.6) <0.01
LVEF, mean (%) 55.4 (11.7) 56.7 (11.9) 52.8 (12.9) <0.01
LVEF <35%, n (%) 105 (9.9) 52 (7.4) 53 (14.7) <0.01
Uric acid (mg/dl), mean (SD) 5.9 (1.8) 5.0 (1.1) 7.7 (1.6) <0.01
Hemoglobin (g/dl), mean (SD) 13.4 (5.3) 13.6 (6.4) 13.1 (2.2) 0.10
Total cholesterol total (mg/dl), mean (SD) 160.0 (45.2) 158.5 (41.6) 162.8 (51.4) 0.13
HDLc (mg/dl), mean (SD) 39.5 (23.3) 39.2 (13.8) 40.2 (34.9) 0.48
Triglycerides (mg/dl), mean (SD) 135.5 (74.4) 132.1 (77.4) 141.9 (68.0) 0.04
LDLc (mg/dl), mean (SD) 93.1 (37.2) 91.3 (35.4) 96.5 (40.3) 0.03
HbA1c (%), mean (SD) 6.5 (1.4) 6.5 (1.4) 6.5 (1.4) 0.81
Creatinine (mg/dl), mean (SD) 1.4 (6.5) 1.4 (8.0) 1.2 (0.5) 0.66
GFR <60mL/min/1.72 m2, n (%) 260 (23.2) 102 (13.8) 158 (41.1) <0.01
GFR (ml/min/1.72m2), mean (SD) 77.8 (28.2) 83.8 (26.0) 66.5 (28.8) <0.01

ACS: acute coronary syndrome; CHD: coronary heart disease; COPD: chronic obstructive pulmonary disease; HF: heart failure; LVEF: left ventricle ejection fraction; GFR:
glomerular filtration rate; HbA1c: glycated haemoglobin; HDLc: high-density lipoprotein cholesterol; LDLc: low-density lipoprotein cholesterol.
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more frequent. The relationship of these factors with an elevated
SUA level has been reported in other studies [40,41]. In relation to
treatment with allopurinol, existing guidelines agree that urate-
lowering therapy is not indicated for asymptomatic hyperurice-
mia in the absence of clinical gout [42]. We found a very low rate
with no significant differences between groups, so we could not
assess the influence of this drug on prognosis. Revascularization
rates were higher in participants without hyperuricemia, but we
believe that the higher prevalence of comorbidities and advanced
age could have a negative influence on revascularization rates and
the choice to perform other invasive procedures. The higher co-
morbidity in hyperuricemic patients might justify the difference in
treatment at discharge between groups.

Although SUA levels are influenced by many factors [28], our
results are consistent with previous studies [4,25,26,43,44], which
have shown a significant relationship between SUA levels and poor
clinical outcomes, adjusting for multiple potential confounders like
cardiovascular risk factors. However, other authors state that SUA
might not have a causal role in cardiovascular disease but rather
simply indicate the presence of risk factors such as diabetes, hy-
pertension or kidney failure [20]. This controversy has spurred the
performance of different studies in populations with diabetes, hy-
pertension and kidney failure, with conflicting results [16,45e49].
The subgroup analysis of our study demonstrated that the inde-
pendent association between hyperuricemia and total and cardio-
vascular mortality was still significant in participants with GFR
�60mL/min/1.73m2, but not in participants without diabetes. For
non-hypertensive patients, the association was only significant for
cardiovascular mortality. These findings are consistent with studies
showing that hyperuricemia might reflect an underlying insulin-
resistance state, which works alone to raise cardiovascular risk
[45]. However, the present study focus on the strength the hyper-
uricemia as a prognostic marker and future investigations should
analyse populations without other risk factors.

Kaplan-Meier survival curves illustrate that patients with hy-
peruricemia had higher all-cause mortality in medium and high
risk score categories. The addition of hyperuricemia to the GRACE
risk score allowed to reclassify 26% of patients into different cate-
gory and provided 34% net reclassification improvement. Event and
non-event NRI measures considered separately persons who have
and who do not have events. Among events, the hyperuricemia
introduced more errors than corrections (NRI< 0). However, since
there are more non-events than events (a common situation), the
risk model containing SUA introduced far more corrections than
errors overall. Hence, these results suggested that the addition of
hyperuricemia improves prediction for non-events. In addition, the
new model had good calibration and discrimination but the AUC
increased only 0.009 without significant difference between orig-
inal and newmodels. However, promising newmarkers have failed
to produce large increases in the area under the curve [34]. Our
results agree with Timoteo et al. [37], who found that the inclusion
of SUA to GRACE score suggested effective reclassification
(NRI¼ 44%) and better identification of those who do not have
events than those who do despite the slight increase in AUC (from
0.78 to 0.79, p ¼ 0.350). Levantesi et al. [26] also found that car-
diovascular models containing SUA as a predictive factor performed
better and the increase of AUC after adding SUA to GRACE score was
0.005 (p ¼ 0.0041). Further validation in large prospective



Fig. 1. Kaplan-Meier survival curves for cardiovascular mortality, all-cause mortality and major cardiovascular events, according to the presence of hiperuricemia.

Table 2
Multivariable Cox proportional hazard regression model (independent predictors of outcome).

Independent variables HR (95% CI); p-value

Cardiovascular mortality All-cause mortality Major cardiovascular event

Age >75 2.87 (1.88e4.39); p< 0.01 2.46 (1.74e3.47); p< 0.01 1.75 (1.40e2.20); p< 0.01
Diabetes 1.67 (1.16e2.40); p< 0.01 1.40 (1.00e1.95); p¼ 0.05 1.35 (1.08e1.69); p< 0.01
Previous HF 2.57 (1.35e4.87); p< 0.01 2.49 (1.44e4.30); p< 0.01 1.37 (1.11e1.81); p¼ 0.01
Previous CHD 1.57 (1.08e2.28); p¼ 0.02 1.66 (1.22e2.27); p< 0.01 1.31 (1.06e1.62); p< 0.01
Hyperuricemia 1.91 (1.32e2.76); p< 0.01 1.59 (1.18e2.15); p< 0.01 1.36 (1.11e1.67); p< 0.01
Revascularization 0.27 (0.18e0.40); p< 0.01 0.39 (0.28e0.56); p< 0.01 0.54 (0.42e0.70); p< 0.01
Statins 0.58 (0.34e0.99); p¼ 0.05 0.43 (0.28e0.67); p< 0.01 0.61 (0.43e0.85); p< 0.01

Goodness-of-fit indicators: LRT¼ 169.2, p< 0.001.
HR: hazard ratio; CI: confidence interval; CHD: coronary heart disease; HF: heart failure.
Adjusted for age, sex, cardiovascular risk factors (BMI, hypertension, smoking habit, diabetes and dyslipidemia), glomerular filtration rate, previous coronary heart disease,
heart failure or stroke, as well as medical treatments at discharge (clopidogrel, prasugrel, ticagrelor, dual antiplatelet treatment, betablockers, ACEI/ARB, statins, diuretics,
espironolactone/eplerenone, nitrates, oral antidiabetics).
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multicentre registries is needed to justify the addition of SUA in an
enhanced GRACE score.

This is a prospective real-world study and there were several
potential limitations to this study. First, this is a single-centre study
andmay have been subject to selection bias. However, since clinical
features and outcomes are similar to other reports [50], we believe
that our results are representative of daily clinical practice. Second,
patients were classified according to uric acid levels obtained
within the first 24e48 h of hospitalization, which could have been
affected by the stress induced by the ACS; nonetheless, there is no
evidence related to uric acid level variations related to an acute
coronary event. Third, we excluded 15.4% of the patients due to
patient'death or premature hospital discharge which avoided the
uric acid level determination, and this could have resulted in
excluding the highest risk patients that died before blood samples
could be obtained. Fourth, the results were observed in a Spanish
cohort with ACS and might not be generalizable to other pop-
ulations. Fifth, there are differences in confounding factors between
the groups, so any differences in outcome may be caused by the
exposure itself, by differences in the measured and unmeasured
confounders, or by both. Multivariate regressionwas used to lessen
the bias caused by measured confounders, although it cannot
adjust for unmeasured confounders. Sixth, statistical methods
pertaining to net reclassification indices are not yet well-developed



Table 3
Reclassification table comparing all-cause mortality for risk model based on the GRACE risk score with and without hyperuricemia.

Model without hyperuricemia Model with hyperuricemia Total Reclassification to newer category

Estimated risk <10% 10-25% >25% Lower Higher Total

<10%
At risk (n) 213 64 0 277 0 64 64
Observed mortality(%) 6.69 12.27 0 7.98

10e25%
At risk (n) 115 481 59 655 115 59 174
Observed mortality (%) 9.13 15.78 28.04 15.72

>25%
At risk (n) 0 46 109 155 46 0 46
Observed mortality (%) 0 22.21 38.07 33.36

Total
At risk (n) 328 591 168 1087 161 123 284
Observed mortality (%) 7.55 15.90 34.54 16.26
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and for that reason we assessed the discrimination and calibration
of riskmodels. However, further research in assessmentmethods of
added usefulness of new markers with small prediction increment
is needed. Seventh, although we found that the prevalence of hy-
peruricemia was not significant different between men and
women, the studied association might be different according to the
sex. Thus, data analysis stratified by sex with similar sample sizes
should be performed in the future.

Regarding to the mechanism responsible for the relationship
between SUA and cardiovascular outcomes, it remains unknown
and this question can only be addressed through randomized
clinical trials. Despite this fact, our data show that SUA determi-
nation may be a useful tool to help stratify risk for poor medium/
long-term outcomes in patients following ACS. Moreover, SUA
levels are routinely collected in clinical practice and can be ob-
tained at a low cost.

In conclusion, hyperuricemia is independently associated with
medium/long-term mortality and major cardiovascular events in
ACS patients. Including hyperuricemia as a factor in the GRACE risk
score led to reclassification of mortality risk in 26% of our partici-
pants, yielding a net reclassification improvement of 34%. Hence,
hyperuricemia might be considered as an independent prognostic
factor in ACS patients.
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