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Uric Acid as Prognostic Marker in Advanced Nonischemic Dilated
Cardiomyopathy: Comparison With N-Terminal Pro B-Type

Natriuretic Peptide Level

C ongestive heart failure (CHF) is
one of the most common diseases

encountered in medical practice, and it
has been associated with high mortality
and morbidity rates despite advanced
treatment methods, particularly in
patients with dilated cardiomyopathy
(DCM). The ability of serologic biomar-
kers to predict the prognosis is critical
for appropriate treatment strategies. N-
terminal pro B-type natriuretic peptide
(NT-proBNP) level is regarded as an
important predictor in cardiovascular
diseases including CHF1,2; this may also
be the case for uric acid (UA) level.3–5

However, each of these 2 serologic
markers characterizes different patho-
physiologic mechanisms involved in
CHF. NT-proBNP as a hemodynamic
indicator and UA as a metabolic indica-
tor could provide complementary infor-
mation and help clinicians to stratify
the cardiac risk more effectively among
patients with CHF.6,7 However, it is
unclear whether UA is an independent
risk factor in cardiovascular disease or
only a single marker among the associ-
ated cardiovascular risk factors. In addi-
tion, the clinical implications and
prognostic role of an elevated UA level
in advanced nonischemic DCM remain
poorly understood.

The aim of the present study is to
carefully confirm the prognostic value of
UA and to compare the predictive
power of UA with that of NT-proBNP,
which has been regarded as a useful mar-
ker for clinical cardiovascular adverse
events.

Methods
This study is a retrospective single car-
diovascular center study and gathered
data from an institutional database

search between January 2005 and
December 2006. Patients with a clinical
diagnosis of DCM were eligible for
inclusion in the present study if they ful-
filled the following criteria: symptoms or
signs of CHF according to Framingham
criteria; left ventricular (LV) ejection
fraction (EF) <50% without regional
wall motion abnormalities; LV end-dia-
stolic dimension >55 mm as revealed
by echocardiography; and absence of
ischemic heart disease as detected by
coronary angiography, stress electrocar-
diography, or radionuclide test. Patients
were excluded if they had ischemic or
valvular heart diseases and severe renal

dysfunction (glomerular filtration rate
<30 mL ⁄min). Additionally, patients
receiving pharmacologic therapy for
hyperuricemia were also excluded.

Clinical data, echocardiographic data,
and medical history were obtained from
the electronic medical record (EMR).
We obtained serologic data including
UA and NT-proBNP levels at first visit
to a cardiologic outpatient clinic or
admission to cardiology department in
all patients. In addition, the follow-
ing conventional parameters were also
recorded: serum creatinine, C-reactive
protein, and hemoglobin. Glomerular
filtration rate was estimated using
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the simplified Modification of Diet
in Renal Disease equation as fol-
lows8: 186.3 �(serum creatinine))1.154

� age)0.203 �(0.742 if a woman); this
has been developed and validated as an
accurate estimate of glomerular filtration
rate.

At study entry, a thorough medical
history was reviewed for all patients;
information was acquired from the EMR
or directly from patients. The primary
end point in this study was defined as
cardiac death or readmission for CHF.
Death or readmission was ascertained
initially from the EMR, and the patients
who did not have complete medical
data were contacted by telephone. The
institutional review board approved the
study protocol. Informed consent was
waived because of the retrospective nat-
ure of this study.

Statistical Analysis. Data analyses were
performed with the Statistical Package
for Social Science (SPSS for Windows
13.0; SPSS Inc., Chicago, IL). Baseline
demographic and laboratory data were
presented as mean � standard deviation
for continuous variables and frequencies
for discrete variables. Student’s t-test was
performed to compare continuous vari-
ables, and chi-square test was used to
compare categorical variables between
groups. As the relationship between
NT-proBNP level and the study out-
come was not of a linear nature, NT-
proBNP level was log-transformed to
reduce the effect of extreme values and
to perform analyses requiring normal dis-
tribution. Receiver operating character-
istic (ROC) curves and the areas under
the curves were performed to compare
the predictive value of UA and NT-
proBNP and to determine cutoffs for
these 2 levels in terms of prediction of
cardiac adverse events. Cox proportional
hazard analyses were performed, and
variables achieving P<.10 on univariate
analyses were then tested in a multivari-
ate Cox analysis to determine which
ones were significantly associated with
cardiac events. In addition, cardiac
event-free survival was determined acc-
ording to the Kaplan–Meier method,
and the prognostic significance of UA

and NT-proBNP levels was assessed
using the overall Mantel–Cox log rank
statistic. P values were 2-sided, and a P
value <.05 was considered statistically
significant.

Results
Clinical and Echocardiographic Char-
acteristics. From a total of 140 patients
with nonischemic DCM recruited for
the study, 18 were excluded because lab-
oratory values of UA and NT-proBNP
were not available at baseline screening.
Finally, 122 patients had complete data
and formed the present study population.
Their average age was 61�14 years, and
LVEF was 27.3%�7.8%. Median fol-
low-up duration was 24 months (inter-
quartile range, 12–33 months). During
this follow-up period, 18 cardiac events
(15%) occurred: 5 deaths and 13 read-
missions for CHF. Table I shows
comparisons of clinical characteristics
between patients with cardiac events
and event-free patients. There were no
significant differences in age, New York
Heart Association class, body mass
index, atrial fibrillation, past history of
heart failure, and conventional risk fac-
tors between the 2 groups. However,
patients in whom cardiac events devel-
oped had significantly lower systolic
blood pressure, greater deterioration of
anemia and renal function, and higher
UA and NT-proBNP concentrations. In
addition, as regards treatment with medi-
cation, there was a nonsignificant trend
toward more patients receiving loop
diuretics. However, at baseline, when
the relations between dosage of thiazide
or furosemide and UA were analyzed sep-
arately, no significant correlations related
with dosage of diuretics were observed
(data not shown). Furthermore, other
medications were similar in both groups.

In terms of echocardiographic find-
ings, as shown in Table II, patients with
cardiac events had more enlarged LV
cavity, larger LV mass, more reduced
EF, and higher pulmonary arterial sys-
tolic pressure. Furthermore, mitral E
velocity deceleration time (DT) was
shorter and E flow velocity was higher.
Consequently, mitral early inflow to
annular tissue Doppler velocity ratio was
higher in cardiac events patients.

Determination of UA. To determine
which variables were significantly associ-
ated with elevated UA levels in DCM,
the univariate and multivariate regres-
sion analysis were performed in the
whole patient population (Table III).
Increasing UA concentrations were
found to be significantly associated with
estimated glomerular filtration rate,
DT, LV mass, NT-proBNP level, and
EF. Furthermore, stepwise multivariate
regression analysis revealed that esti-
mated glomerular filtration rate, DT, and
LV mass were independently associated
with level of UA. In the present study,
however, age, hypertension, diabetes,
and medication history such as diuretics
had no significant association with UA
concentration (data not shown).

UA and NT-proBNP Levels as Predic-
tors of Adverse Cardiac Events. To
determine prognostic factors for cardiac
events, univariate and multivariate Cox
proportional hazard regression analyses
were performed (Table IV). As detailed,
in univariate analysis, UA and NT-
proBNP values were significant prognos-
tic factors besides confounders such as
blood pressure value, EF, hemoglobin
level, renal function, and pulmonary
arterial systolic pressure; however, UA
concentration still remained the only
independent predictor for cardiac events
in multivariate Cox analysis (hazard
ratio [HR], 1.48; 95% confidence inter-
val [CI], 1.18–1.86; P=.001). As shown
in Figure 1, the ROC curve analysis
revealed cutoffs of UA and NT-proBNP
concentrations to predict cardiac events.
The area under the ROC curve for UA
was greater (HR, 0.83; 95% CI, 0.741–
0.925) than that for NT-proBNP (HR,
0.74; 95% CI, 0.633–0.844). When a
UA level of 8.7 mg ⁄dL was used as the
cutoff, sensitivity and specificity were
70.6% and 82.8%, respectively. For an
NT-proBNP level of 3800 pg ⁄mL, sensi-
tivity and specificity were 82.4% and
59.1%, respectively. Figure 2 shows
Kaplan–Meier cardiac event-free sur-
vival curves corresponding to the 122
patients who were stratified into 2 groups
according to the above determined cut-
offs for UA and NT-proBNP. A UA
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concentration �8.7 mg ⁄dL relative to
an NT-proBNP level �3800 pg ⁄mL
had a significantly decreased cardiac
event-free survival (log rank v2=30.7;
P<.001, log rank v2=7.6; P=.006,
respectively).

Discussion
While UA is the final result of purine
metabolism and its levels are usually
increased in chronic heart failure, the
prognostic value of UA, particularly in
DCM, is still unknown. The increased
UA level was caused by the acute insult
to a failing heart, leading to aggravating
tissue hypoperfusion and hypoxia, which
induce xanthine oxidase (XO) activa-
tion and oxidative stress production.9–11

Moreover, XO is activated by immune
activation as reflected by up-regulated
expression of tumor necrosis factor alpha
or free oxygen radicals in heart fail-
ure.7,12–14 Thus, UA would provide a

Table II. Echocardiographic Findings of Study Patients With Nonischemic Advanced
Dilated Cardiomyopathy

PATIENTSATIENTS WITHOUTITHOUT

CARDIACARDIAC EVENTSVENTS

(N=104)(N=104)

PATIENTSATIENTS WITHITH

CARDIACARDIAC EVENTSVENTS

((N=18)=18) P VALUEALUE

Conventional parameters
LVEDD, cm 6.4�0.8 6.9�1.0 .033
LVESD, cm 5.5�0.8 5.9�1.1 .042
IVSd, cm 0.9�0.2 0.9�0.2 .513
PWd, cm 1.0�0.2 0.9�0.2 .394
Ejection fraction, % 28.3�7.7 21.8�6.4 .001
LA dimension, cm 4.8�1.5 5.0�1.7 .468
LV mass, g 256.4�79.9 271.2�76.0 .044
PASP, mm Hg 23.3�13.9 35.5�15.8 .001

Mitral inflow
Deceleration time, ms 188.4�64.6 152.8�58.1 .042
Isovolumic relaxation time, ms 119.0�35.1 121.1�51.5 .824
Mitral E velocity, cm ⁄ s 73.4�29.5 94.7�32.1 .006

Tissue Doppler imaging
Septal TDI-Sm, cm ⁄ s 4.2�1.2 3.8�0.9 .152
Septal TDI-Em, cm ⁄ s 4.3�1.7 4.2�1.5 .763

E ⁄ Em ratio 19.0�10.0 24.3�9.3 .038

Abbreviations: E ⁄ Em, mitral early inflow to annular tissue Doppler velocity; IVSd, diastolic
intraventricular septal thickness; LA, left atrium; LV, left ventricle; LVEDD, left ventricular
end-diastolic dimension; LVESD, left ventricular end-systolic dimension; PASP, pulmonary
artery systolic pressure; PWd, diastolic posterior wall thickness; TDI-Em, tissue Doppler
image of early diastolic mitral annular velocity; TDI-Sm, tissue Doppler image of systolic
mitral annular velocity.

Table I. Baseline Clinical Characteristics of Study Patients With Nonischemic Advanced Dilated Cardiomyopathy

PATIENTSATIENTS WITHOUTITHOUT

CARDIACARDIAC EVENTS (N=104)VENTS (N=104)

PATIENTSATIENTS WITHITH

CARDIACARDIAC EVENTS (N=18)VENTS (N=18) P VALUEALUE

Age, y 61�14 60�13 .867
Male, No. (%) 65 (62.5) 11 (61.1) 1.000
NYHA class II ⁄ III ⁄ IV, No. (%) 62 (59.7) ⁄ 38 (36.5) ⁄ 4(3.8) 7 (38.8) ⁄ 10 (55.6) ⁄ 1(5.6) .261
Body mass index, kg ⁄ m2 23.7�4.1 22.3�2.9 .188
Systolic blood pressure, mm Hg 121.3�19.4 111.0�19.2 .040
Diastolic blood pressure, mm Hg 73.6�12.2 68.1�12.9 .085
Atrial fibrillation, No. (%) 19 (18.3) 5 (27.8) .347
Past history of heart failure, No. (%) 34 (32.7) 5 (22.8) .789
Risk factors

Hypertension, No. (%) 36 (34.6) 7 (38.9) .792
Diabetes, No. (%) 24 (23.1) 4 (22.2) 1.000
Stroke, No. (%) 5 (4.8) 3 (16.7) .094

Log NT-proBNP 7.5�0.6 8.9�0.8 .001
CRP, mg ⁄ L 8.3�1.9 5.8�0.7 .587
Uric acid, mg ⁄ dL 6.7�2.2 9.7�2.1 <.001
Hemoglobin, g ⁄ dL 13.8�2.1 12.2�2.2 .007
BUN, mg ⁄ dL 20.3�9.3 24.7�7.2 .057
Creatinine, mg ⁄ dL 1.2�0.4 1.3�0.5 .040
eGFR, mL ⁄ min ⁄ 1.73 m2 68.2�19.9 58.0�25.1 .057
Medications

Aspirin, No. (%) 58 (55.8) 8 (44.4) .446
ACEI, No. (%) 40 (38.5) 5 (27.8) .440
ARB, No. (%) 38 (36.5) 6 (33.3) 1.000
b-Blockers, No. (%) 78 (75.0) 13 (72.2) .776
Thiazide diuretics, No. (%) 27 (26.0) 4 (22.2) 1.000
Loop diuretics, No. (%) 63 (60.6) 15 (83.3) .069
Spironolactone, No. (%) 36 (34.6) 5 (27.8) .788

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BUN, blood urea nitrogen; CRP,
C-reactive protein; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro B-type natriuretic peptide; NYHA, New York Heart
Association.
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useful marker for the decompensation
trigger in chronic heart failure.

Generally, agents such as b-blockers,
angiotensin-converting enzyme inhibi-
tors, angiotensin receptor blockers, or
potassium-sparing diuretics might have a
great impact on survival in CHF. In addi-
tion, angiotensin receptor blockers and
diuretics also have been shown to be
associated with an increased UA con-
centration.15,16 However, our study was
not sufficiently powered to comment on
the association and role of the medica-
tion with prognosis. As expected in the
advanced DCM patients in this study,
only half of patients were taking these
drugs, because of lower EF or cardiac out-
put. Thus, adjusted for medications and
other risk factors, we could not have sta-
tistical significance of the therapeutic
effect in the present study. Alternatively,
the explanation will of course lie in the
advanced severity of heart failure and the
exclusion of ischemic heart failure.

Implications for the Prognostic Power
of UA Level as a Nonhemodynamic
Marker. Generally, hyperuricemia seems
to be related to a variety of diseases such
as renal impairment, diabetes, hyperten-
sion, and gout, all of which appear to
contribute to the progression of the
failing heart.17 CHF is linked to the
consequence of interrelated hemody-
namic, neurohormonal, immunologic,
or endocrine mechanisms, and thus,
advanced CHF such as DCM has multi-
factorial metabolic features leading to
cardiac cachexia, which carries a very
poor prognosis.6 Moreover, CHF is a
state of impaired oxidative metabolism,
and serum UA concentrations reflect

Table IV. Cox Regression Analysis of Predictors of Adverse Cardiac Events

UNIVARIATENIVARIATE MULTIVARIATEULT IVARIATE

HR (95%(95% CI)) P VALUEALUE HR (95%(95% CI)) P VALUEALUE

Uric acid 1.590 (1.242–2.037) <.001 1.483 (1.181–1.862) .001
Log NT-proBNP 2.412 (1.262–4.609) .008 1.402 (0.717–2.743) .323
Systolic BP 0.963 (0.930–0.997) .032 0.964 (0.928–1.002) .066
Ejection fraction 0.887 (0.811–0.970) .009 0.961 (0.870–1.062) .435
Hemoglobin 0.772 (0.596–1.000) .050 0.870 (0.642–1.177) .366
eGFR 0.975 (0.953–0.997) .028 0.990 (0.957–1.024) .558
PASP 1.056 (1.020–1.092) .002 1.030 (0.991–1.071) .128
Age 1.012 (0.971–1.054) .576 –
Hypertension 1.572 (0.528–4.683) .416 –
Diabetes 0.645 (0.143–2.908) .568 –
NYHA class 1.960 (0.845–4.548) .117 –
BUN 1.030 (0.983–1.079) .218 –
E ⁄ Em ratio 1.035 (0.991–1.080) .118 –

Abbreviations: BP, blood pressure; BUN, blood urea nitrogen; CI, confidence interval;
E ⁄ Em, mitral early inflow to annular tissue Doppler velocity; eGFR, calculated glomerular
filtration; HR, hazard ratio; NT-ProBNP, N-terminal pro B-type natriuretic peptide; NYHA,
New York Heart Association; PASP, pulmonary artery systolic pressure.

Table III. Univariate and Multivariate Regression Analyses for Uric Acid Level

INDEPENDENTNDEPENDENT VARIABLESARIABLES

UNIVARIATENIVARIATE MULTIVARIATEULT IVARIATE

b COEFFICIENTS (95%OEFFICIENTS (95% CI)) P VALUEALUE b COEFFICIENTS (95%OEFFICIENTS (95% CI)) P VALUEALUE

Creatinine 2.160 (1.220 to 3.100) <.001 1.794 (0.821 to 2.766) <.001
Deceleration time )0.014 ()0.021 to )0.007) <.001 )0.014 ()0.020 to )0.007) <.001
LV mass 0.008 (0.003 to 0.014) .002 0.007 (0.002 to 0.012) .007
Age )0.033 ()0.065 to )0.001) .047 –
Log NT-proBNP 0.409 (0.130 to 0.688) .004 –
Ejection fraction )0.068 ()0.125 to )0.012) .017 –
PASP )0.051 (0.021 to 0.080) .001 –

Abbreviations: CI, confidence interval; LV, left ventricle; NT-proBNP, N-terminal pro B-type natriuretic peptide; PASP, pulmonary artery
systolic pressure.

Figure 1. Receiver operating characteristic curve for ability of N-terminal pro B-type
natriuretic peptide (NT-proBNP) and uric acid levels to predict cardiac events. AUC
indicates area under the receiver operating characteristic curve.
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functional capacity, disease severity, and
an impairment of oxidative metabo-
lism.9 Therefore, severely advanced
DCM usually has the tendency toward a
proinflammatory environment and
increased oxidative stress. Additionally,
LV myocardium also becomes one of
the etiologies causing an elevated UA
level. The larger LV mass or hypertro-
phy has the important potential to
increase UA level,18 because hyperurice-
mia is an independent risk factor for vas-
cular constriction and hypertension,19,20

which were primarily associated with
cardiac hypertrophy. Accordingly, with
the evidence of a link between LV
hypertrophy and UA level, our findings
provide a potential concept to support
the increased risk of cardiac events in
DCM patients with increased LV mass,
although the significant power of LV
mass in this group of patients is less
impressive than in the patients with the
general demographics of CHF. Indeed,
UA could be regarded as a more encom-
passing marker or potential surrogate by
reflecting general condition as well as a
status of LV mass or hypertrophy.

Although NT-proBNP levels were
also significantly elevated and correlated
with heart failure severity, pathophysio-
logic pathways such as those associated
with a nonhemodynamic mechanism in
the current study would be able to
elevate UA rather than NT-proBNP
levels. In fact, the elevation of
NT-proBNP may be mediated mainly

by hemodynamic changes in cardiac or
pulmonary circulation; meanwhile, ele-
vated UA level was demonstrated as a
metabolic marker independent of LV
hemodynamics or function. Moreover,
the lack of significance of NT-proBNP
in the present study could be the result
of advanced DCM itself, as was sup-
ported by the findings of an exhaustion
of the ability of cardiomyocytes to syn-
thesize and secrete a sufficient amount
of NT-proBNP, particularly in end-stage
heart failure.21 In addition, the paradoxi-
cally low NT-proBNP level in chronic
and advanced heart failure would be an
adverse prognostic marker.22 Conse-
quently, the predictive values of NT-
proBNP for severe advanced DCM
seemed to be markedly weaker than
those of UA upon ROC analysis.

Implications for the Prognostic Power
of UA Level as a Hemodynamic Mar-
ker. With respect to hemodynamic
insult, UA, contributed by increased
XO, reflects an imbalance between myo-
cardial performance and energy con-
sumption; in contrast, XO inhibition by
allopurinol enhances the contractile
responses of the myocardium to inotropic
agents or to exercise.7 XO is believed to
be the key enzyme related to UA synthe-
sis, and it may also contribute to oxida-
tive injury to myocytes.14 Therefore,
UA would have a key role as an endoge-
nous critical agent when released from

damaged myocardium. When these char-
acteristics of UA on prognosis of CHF
are considered, UA itself would be both
player and bystander in CHF, and it
would have a more powerful impact than
NT-proBNP, which is only a bystander
in CHF pathophysiology23; however, the
mechanisms through which UA would
have greater prognostic value than NT-
proBNP in CHF are uncertain. In
patients with CHF, in which XO activity
is usually up-regulated,14 hyperuricemia
is caused by increased production with or
without decreased renal excretion. These
findings would be charged with hemody-
namic and renal functional deterioration
or worsening, as suggested by the DT and
serum creatinine level determining UA
concentration in the present study. In
fact, UA had a good, positive correlation
with serum creatinine level and DT,
which suggests that UA levels are
increased in patients with renal dysfunc-
tion and restrictive mitral filling pattern.
These findings agree with the results of
an inverse relationship between UA and
echocardiographic parameters of dia-
stolic function.24 During hemodynamic
insult, the ensuing renal hypoperfusion
would result in transient decreased renal
function and glomerular filtration rate,
which would contribute to the increased
UA level. Therefore, hyperuricemia
could be a marker for not only an
impaired metabolism but also the
detrimental process of the failing
heart. Indeed, by demonstrating a close

Figure 2. Kaplan–Meier cardiac event-free survival curves of N-terminal pro B-type natriuretic peptide (NT-proBNP) and uric acid
concentration.

uric acid in dilated cardiomyopathy july • august 2010 157



association between UA and deteriorat-
ing hemodynamic parameters, the pres-
ent study would add to this evidence.
However, despite the significance of
renal perfusion, unfortunately, we found
no additional significance in prediction
for cardiac events. In this study, the
patients with advanced renal failure were
excluded in order to assess not the passive
UA elevation secondary to renal failure
but the active involvement of UA
pathogenesis associated with CHF. Thus,
the multivariate analysis would reveal the
lack of independent significance of the
renal dysfunction in the present study,
although the result obtained in this study
could not be applied to some patients in
advanced stages of renal disease.

Limitations. This study has several lim-
itations. It was a retrospective study of
patients’ treatment; thus, the current
findings might not be representative of

all clinical CHF. Furthermore, we also
have to acknowledge that it was a sin-
gle-center study performed in a rela-
tively small sample size with a very low
event rate. In addition, with respect to
the relation of blood urea nitrogen to
prognosis, we could not obtain similar
results for cardiac events, whereas sev-
eral studies previously have shown that
increased blood urea nitrogen was
associated with adverse cardiac out-
comes.25–28 In our population, the num-
ber of patients with New York Heart
Association class IV heart failure was
relatively small, and it is possible that
the effects of acute vasoconstriction of
afferent arteriole on blood urea nitrogen
concentration could not be observed in
the current study.

Conclusions
The present study provides practical evi-
dence on the prognostic value of UA

level in nonischemic DCM. UA is a
marker of metabolic status and also
would be actively involved in the hemo-
dynamic process, both of which are
important to CHF pathophysiology.
Thus, high UA level would be an infor-
mative link as a global marker for gen-
eral conditions associated with CHF, as
compared to the more established NT-
proBNP level. In addition to NT-proB-
NP, UA level seems therefore to emerge
as a useful predictor of progression or
exacerbation of CHF, with stronger
prognostic power than that of NT-proB-
NP, particularly in patients with nonis-
chemic DCM.
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