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Abstract: Objectives: We evaluated the association of plasma uric acid alone and in combination with b-type natriuretic 
peptide (BNP) for emergency department (ED) diagnosis and 30-day prognosis in patients evaluated for acute heart failure 
(AHF). 

Methods: We prospectively enrolled 322 adult ED patients with suspected AHF. Wilcoxon rank sum test, multivariable 
logistic regression and likelihood ratio (LR) tests were used for statistical analyses. 

Results: Uric acid’s diagnostic utility was poor and failed to show significant associations with 30-day clinical outcomes. 
Uric acid also did not add significantly to BNP results.  

Conclusion: Among ED patients with suspected AHF, uric acid has poor diagnostic and prognostic utility. 
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INTRODUCTION 

 Heart failure affects more than five million Americans 
with many seeking emergency department (ED) evaluation 
during an acute episode [1-3]. The absence of an accurate 
prediction tool to aid ED physicians in early risk stratifica-
tion of acute heart failure (AHF) has led to overestimation of 
disease severity and overutilization of hospital resources [4, 
5]. Further, the ED diagnosis disagrees with the diagnosis of 
cardiologists in 15-20% of cases, suggesting the need for a 
more accurate diagnostic tool for ED physicians [6, 7]. 

 Several biomarkers are under investigation as both diag-
nostic and prognostic adjuncts in AHF. B-type natriuretic 
peptide (BNP), a protein synthesized and released into the 
circulation by the myocardium in proportion to mechanical 
strain, has emerged as a commonly used tool for AHF diag-
nosis and risk stratification. A high sensitivity has been not-
ed with the use of the manufacturer’s recommended cutoff 
level of 100 pg/ml for diagnosis of AHF [7]. Despite its util- 
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ity, some limitations have been identified. BNP levels are 
elevated in other conditions such as chronic kidney disease, 
cor pulmonale, pulmonary embolism, left ventricular dys-
function without AHF, and hypotension [8-10]. In addition, 
BNP levels of 100-500 pg/ml, termed the indeterminate 
range, present a diagnostic dilemma. 

 Given the natriuretic peptide limitations, [9, 11, 12] there 
arises a need for another biomarker that could improve both 
its diagnosis and prognosis in heart failure. Uric acid is an 
interesting biomarker with possible synergy to BNP. Uric 
acid is a product of the activity of xanthine oxidase and is a 
final product of purine metabolism [13, 14]. The action of 
xanthine oxidase has been known to increase during ische-
mia and heart failure, [15] and hyperuricemia is a common 
finding in patients with chronic heart failure [16, 17]. Unlike 
many novel cardiac biomarkers, the uric acid assay is estab-
lished, accessible, and inexpensive. Importantly, previous 
studies suggest uric acid may be useful for AHF diagnosis 
and risk stratification. However, its use in an ED cohort of 
patients with signs and symptoms of AHF, in combination 
with BNP, has not been extensively investigated. Our study 
aims were two-fold: (1) to assess the association of uric acid 
with diagnostic and 30-day prognostic outcomes and (2) to 
assess whether uric acid assisted BNP in diagnostic and 
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prognostic outcomes for BNP overall and BNP restricted to 
the indeterminate zone. 

METHODS 

 The STRATIFY Study is an ongoing three-center pro-
spective cohort study of adult patients presenting to the ED 
with signs or symptoms of AHF whose goal is to develop a 
risk stratification tool to guide ED physicians in disposition 
decisions. Institutional review boards approved all proce-
dures involved in the STRATIFY study as well as this sec-
ondary analysis. Research subjects were recruited per con-
venience methodology. 

Setting and Selection of Participants 

 The STRATIFY study population was drawn from con-
senting patients ≥18 years of age who presented to the ED of 
three tertiary hospitals (all in the United States) with signs or 
symptoms of AHF. Specifically, we recruited adult patients 
who met modified Framingham criteria for AHF (Table 1) 
and provided written informed consent. 

Modified Framingham Criteria for Heart Failure 

 The Framingham criteria, reported in 1971, comprise one 
of the tools to predict heart failure [18-20]. This tool uses 
“major” and “minor” criteria based on history, physical exam 
and ancillary tests to diagnose AHF. These are accepted cri-
teria for establishing an etiology of dyspnea before definitive 
studies have been performed. We used these Criteria to 
screen ED patients for possible AHF for inclusion in the 
study. The STRATIFY study targeted an AHF prevalence of 
50%. The Framingham criteria were modified by us for ED 
use by excluding the following: circulation time, vital capac-
ity, weight loss in response to treatment and autopsy find-
ings. These parameters are not routinely available or used in 
the ED to diagnose AHF. 

Data Collection and Processing 

 At the time of study entry, ED physicians completed an 
interview form based on initial patient assessment indicating 

whether the patient was a candidate. Qualified candidates 
were approached by trained study coordinators who ex-
plained the study purpose and protocol, and obtained written 
informed consent. Study variables were collected within 
three hours of the first physician evaluation. Subjects com-
pleted questionnaires detailing clinical history such as dysp-
nea, comorbidities, medication, and social history. The in-
formation was later verified using clinical medical records. 
Information on potential confounding variables such as body 
weight, history of gout or allopurinol use, and serum 
creatinine levels were collected from subjects’ medical re-
cords. The study assistant also collected chest x-ray data 
based on the final reading available in the medical record by 
the attending radiologist. All data extracted from the medical 
record was collected by the study assistants using standard-
ized data abstraction sheets. They were blinded to uric acid 
values and the outcomes of interest. 

 Venous blood samples were obtained at enrollment and 
stored at -80°C until time of testing. Clinical data and blood 
samples were collected at a single time point. Plasma urate 
was measured by the central clinical chemistry laboratory 
using a colorimetric enzymatic in-vitro test processed on the 
Beckman Coulter® DXC 800 (Beckmann Coulter, Inc., 
Fullerton, CA). The normal range (2.0 - 7.0 pg/ml) for uric 
acid using the DXC instrument has been validated in-house 
with healthy patient samples, and was determined to be age 
non-specific. BNP was measured by the Vanderbilt Univer-
sity Laboratory Services using the Triage B-Type Natriuretic 
Peptide Test (Biosite Diagnostics Inc., San Diego, Califor-
nia). The triage BNP Test is a fluorescence immunoassay for 
the quantitative determination of BNP in whole blood and 
plasma specimens. The reference range for normal values 
was <100 pg/ml. 

Outcome Measures 

 Outcome measures were AHF status (yes or no) and 30-
day adverse events. The criterion standard for determining 
AHF status was a medical record review by an expert cardi-
ology oversight group (COG) comprised of three practicing 
cardiologists on the academic faculty at Vanderbilt Univer-
sity. Cardiology overread is the standard method used to 

Table 1. Framingham Criteria for Congestive Heart Failure (CHF)* 

Major Criteria Minor Criteria 

Paroxysmal nocturnal dyspnea Bilateral ankle edema 

Neck vein distention Nocturnal cough 

Rales Dyspnea on ordinary exertion 

Radiographic cardiomegaly (increasing heart size on chest radiography) Hepatomegaly 

Acute pulmonary edema Pleural effusion 

S3 gallop Decrease in vital capacity by one third from maximum recorded 

Increased central venous pressure (>16 cm H2O at right atrium) Tachycardia (heart rate>120 beats/min.) 

Hepatojugular reflux  

Weight loss  >4.5 kg in 5 days in response to treatment  

*Diagnosis of CHF requires the simultaneous presence of at least 2 major criteria or 1 major criterion in conjunction with 2 minor criteria. 
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determine heart failure presence [6, 7]. The COG was given 
all patient records and test results from the index stay as well 
as follow-up medical records, if any. They were blinded to 
uric acid results and to each other’s diagnosis. The COG was 
asked to assess whether AHF was the primary diagnosis re-
sponsible for the patients’ symptoms, present but not pri-
mary, or not present in the ED, while blinded to uric acid 
levels. A consensus was reached if 2 of the cardiologists 
agreed on the diagnosis. If all 3 disagreed by placing the 
subjects in 3 distinct groups, then a 4th cardiologist adjudi-
cated the diagnosis. At both 5 and 30 days, study coordina-
tors performed follow-up interviews to document adverse 
events. These occurred via telephone for discharged subjects 
or by face-to-face interviews for subjects who were still hos-
pitalized. The events were verified against a subject’s medi-
cal record by a registered nurse. Only subjects with complete 
data were included in the analysis.  

 A 30-day (days 1-30, originally collected as days 1-5 and 
days 6-30) event was defined as follows: hospitalization for 
five or more days, ED/hospital readmission, major cardiac 
events, or death. Major cardiac events were defined as acute 
coronary syndromes (ACS), cardiac resynchronization ther-
apy (CRT), insertion of implantable cardioverter defibrillator 
(ICD), emergent renal dialysis, endotracheal intubation, 
coronary artery bypass graft (CABG), percutaneous coronary 
intervention (PCI), cardiac transplantation, mechanical car-
diac support, palliative hospice or death. Separate analyses 
were done for outcomes that included all-cause readmission 
and readmission restricted to AHF as defined by the ED or 
hospital discharge diagnosis.  

Data Analysis 

 Statistical analyses were performed using the statistical 
programming language R, version 2.11.1 [21] and Stata Ver-

sion 11.1 [22]. Descriptive statistics on demographic and 
outcome variables were presented as median (interquartile 
range, IQR) or frequency (%), as appropriate. This study was 
guided by two main objectives. 

 The primary aim was to determine if uric acid is associ-
ated with AHF diagnosis and prognosis. The diagnostic util-
ity of uric acid was assessed using the area under the curve 
(AUC) for the receiver operating characteristic (ROC) curve. 
The association between uric acid and the stated outcomes 
was addressed using both unadjusted and adjusted analyses. 
Unadjusted tests of association were conducted for continu-
ous uric acid with the outcomes of interest using the non-
parametric Wilcoxon Rank Sum test. Unadjusted tests of 
association were conducted for dichotomized (≤7.0 vs >7.0 
mg/dl) uric acid with the outcomes of interest using the Pear-
son’s chi-square test of association. Multivariable logistic 
regression models were fit to assess the association of uric 
acid (continuous and dichotomous) with each of the out-
comes adjusting for the following potential confounders se-
lected a priori: history of gout, renal status as determined by 
the glomerular filtration rate (GFR), and obesity defined as 
BMI [Ibs/in2]. The Modification of Diet in Renal Disease 
(MDRD) study equation and GFR calculator for adults were 
used for estimating the GFR (mL/min/1.73 m2) from serum 
creatinine as a measure of renal status [23, 24]. History of 
gout or documented use of allopurinol was determined 
through a review of the subject’s electronic medical record. 
Overfitting of the models was avoided by limiting to one 
covariate for every 10 outcome events.  

 The second specific aim assessed whether uric acid 
added useful information in conjunction with BNP in diag-
nosing AHF or predicting 30-day outcomes. We assessed the 
diagnostic utility of uric acid in conjunction with BNP by 
testing the equality of AUCs for the “full” and “reduced” 

 

Fig. (1). Area under the receiver operating characteristic curve for the diagnostic utility of uric acid for acute heart failure is 0.67 (98% 
CI=0.59, 0.73). 
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models using the Pearson’s chi-square test of association 
[25]. This analysis was repeated on the subset of subjects 
with BNP levels within the 100-500 pg/ml range to address 
whether uric acid added useful information to BNP in AHF 
diagnosis or in predicting 30-day outcomes when BNP levels 
fell in the indeterminate zone. No adjustments were made for 
multiple comparisons. 

 We further assessed if there was a synergistic effect be-
tween uric acid and BNP in the diagnosis or prediction of the 
stated outcomes. To address these, logistic regression models 
were fit for the various outcomes with BNP, uric acid, race, 
gender, and chest x-ray status as predictors. A chest x-ray 
was deemed positive if one of the following conditions was 
present: pulmonary edema, pleural effusion, interstitial 
edema, alveolar edema, or vascular congestion. Likelihood 
ratio (LR) tests were used to assess whether uric acid im-
proves upon BNP in predicting the outcome by comparing 
the “full” logistic regression model with a “reduced” model 
excluding uric acid. If uric acid added useful information to 
the model, then the model was refit with an interaction term 
between BNP and uric acid to assess whether the relation-
ship between them was synergistic. 

RESULTS 

Characteristics of Study Subjects  

 Complete records for uric acid, BNP, COG diagnosis, 
and 30-day outcomes were available in 322 subjects. The 
median age of the subjects was 64 (IQR=52, 75), and 182 
(57%) of the subjects were male (Table 2). A total of 176 
subjects were judged to have AHF by our expert panel. Me-
dian uric acid was 7.0 mg/dl (IQR=5.5, 8.6). Subjects with 
AHF had higher median uric acid levels than those without 
AHF (7.5 pg/ml; IQR=6.2, 9.12 versus 6.15 pg/ml; 
IQR=4.92, 7.8). Fig. (1) suggests uric acid has poor diagnos-
tic utility after adjusting for history of gout, GFR, and BMI 
(AUC=0.67; 98% CI=0.60, 0.74). After adjusting for history 
of gout, renal status and BMI (Table 4) uric acid was found 
to be significantly associated with AHF diagnosis (OR=1.29; 
98% CI=1.12, 1.48; p=<0.0001).  

 Table 3 details the frequency of the components of the 
adverse outcomes of interest. Of the 322 subjects, 163 had a 
30-day event in which recidivism was for any cause and 132 
had a 30-day event where recidivism was restricted to AHF 
only. The mortality rate among the AHF subjects was small. 

Table 2. Demographics, Medical History, and Laboratory Values* 

Variables n (%) M (IQR) 

Age  64 (52, 75) 

Sex   

Female 140 (43)  

Male 182 (57)  

Race   

African American (non-Hispanic) 87 (27)  

Caucasian (non-Hispanic) 233 (72)  

Hispanic 1 (0)  

Other 1 (0)  

History of gout   

No 268 (83)  

Yes 54 (17)  

Positive chest x-ray†   

No 189 (59)  

Yes 129 (41)  

Uric acid (dichotomized)   

≤ 7.0 mg/dl 164 (51)  

>7.0 mg/dl 158 (49)  

Uric acid   7.0 (5.5, 8.6) 

GFR  51 (32, 73) 

BMI  30 (25, 37) 

BNP    327 (90, 840) 

*N=322; †N=318. M, Median; IQR, Interquartile range; GFR, glomerular filtration  rate; BMI, body mass index; BNP, B- natriuretic peptide.  
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Table 3. Distribution of 30-Day AHF Outcomes for All Subjects and for Subjects with BNP Levels of 100-500 pg/ml 

 Full data BNP 100-500 pg/ml 

Outcomes 

No AHF (N=146)  

n (%) 

AHF (N=176) 

n (%) 

No AHF (N=55) 

n (%) 

AHF (N=55) 

n (%) 

Prolonged hospitalization 14 (10) 40 (23) 5 (9) 8 (15)  

Unscheduled ED visit     

Heart failure 3 (2) 23 (13) 1 (2) 7 (13) 

All cause 39 (27) 44 (25) 14 (25) 12 (22) 

Unscheduled readmission     

Heart failure 8 (5) 28 (16) 1 (2) 7 (13) 

All cause 30 (21) 37 (21) 7 (13) 11 (20) 

Major cardiac event 30 (21) 42 (24) 8 (15) 13 (24) 

Death (all cause) 5 (3) 8 (5) 1 (2) 2 (4) 

Note: Because the 30-day outcomes are not mutually exclusive, these percentages may add up to more than 100%.  
AHF, acute heart failure; BNP, B- natriuretic peptide; ED, emergency department 
 

Table 4. Results from Logistic Regressions for Diagnosis and 30-Day Outcomes Adjusting Continuous Uric Acid for History of 
Gout, Renal Status as Measured by GFR, and BMI 

Outcome Covariate OR 98% CI p Value 

COG diagnosis (dichotomized) Uric acid† 

History of gout 

GFR† 

BMI† 

1.29 

1.35 

1.00 

1.01 

1.12, 1.48 

0.62, 2.95 

0.98, 1.01 

0.98, 1.03 

<0.0001 

0.37 

0.32 

0.55 

30-day event (all-cause readmission) Uric acid† 

History of gout 

GFR† 

BMI† 

1.02 

1.23 

0.99 

1.00 

0.91, 1.14 

0.59, 2.55 

0.98, 1.00 

0.97, 1.02 

0.72 

0.51 

0.10 

0.66 

30-day event (readmission for HF only) Uric acid† 

History of gout 

GFR† 

BMI† 

1.07 

1.43 

0.99 

0.99 

0.95, 1.20 

0.69, 2.98 

0.98, 1.00 

0.96, 1.02 

0.20 

0.25 

0.07 

0.41 

†per one unit. OR, odds ratio; CI, confidence interval; COG, cardiology oversight group; GFR, glomerular filtration  rate; BMI, body mass index; HF, heart failure 

The majority of the events were divided up similarly among 
ED return visits, AHF admissions to the hospital, and major 
cardiac events. We failed to find statistically significant as-
sociations between the 30-day outcomes and uric acid except 
for marginally significant results for the unadjusted analysis 
of the 30-day outcome in which recidivism was restricted to 
AHF and uric acid was dichotomized (p=0.02). 

 Table 5 presents results from the likelihood ratio tests 
assessing whether uric acid adds value to BNP in both diag-
nosis and prognosis of AHF. Likelihood ratio tests indicated 
the addition of uric acid helped BNP in AHF diagnosis as 
determined by our expert panel after controlling for race, 
sex, and positive chest x-ray (LR=17.5, p<0.0001). How-
ever, the interaction model suggests BNP and uric acid do 
not have a synergistic effect in predicting AHF (p=0.67). 

Uric acid failed to show diagnostic utility in conjunction 
with BNP when comparing AUCs (AUC=0.78; 98% CI= 
0.72, 0.84; p=0.90 for both full and reduced models).  

 Of the 110 subjects with BNP levels between 100-500 
pg/ml, half of them were considered to have AHF by our 
expert panel. Of these, 13 subjects had major cardiac events 
while 12 had repeat visit to the ED for all-cause within a 30-
day period. Eight subjects had prolonged hospitalization and 
seven had return visits to the ED as well as rehospitalization 
for AHF (Table 3). Results from likelihood ratio tests in this 
subset of subjects were similar to the full cohort and suggest 
uric acid did not add value to BNP in determining 30-day 
adverse events (Table 5). Further, the data showed that while 
the addition of uric acid significantly improved the fit of the 
model for AHF diagnosis (LR=17.5; p<0.0001 and 7.03; 
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p=0.01, respectively), this relationship was not synergistic 
(LR=0.56; p=0.45).  

DISCUSSION 

 Our results indicated that subjects with a confirmed diag-
nosis of AHF tended to have higher uric acid levels. While 
uric acid had overall poor diagnostic utility for AHF, after 
adjusting for known confounders, uric acid was found to be 
significantly associated with AHF diagnosis. Unfortunately 
uric acid was not predictive of 30-day adverse events, nor 
did it assist BNP in AHF diagnosis or 30-day prognosis. 

 Although we noted marginally significant results in the 
unadjusted analysis for the 30-day outcome in which recidi-
vism was restricted to AHF and uric acid was dichotomized, 
this association did not persist when adjusting for history of 
gout, GFR, and BMI. In addition, we failed to find that uric 
acid significantly aided BNP in predicting 30-day outcomes. 
The value of uric acid as a diagnostic tool in the ED with 
prognostic significance requires further investigation. The 
use of allopurinol for the clinical management of gout is well 
known, but its impact on symptoms and outcomes in AHF is 
not. Thanassoulis and colleagues [26] observed improved 
outcomes among heart failure patients who used allopurinol 
for treatment of gout. Evidence supporting the clinical use of 
allopurinol for heart failure is yet to be validated in random-
ized clinical trials. Screening for hyperuricemia in high risk 
patients needs further exploration [14, 20]. 

 Diuretic use, increased urate production, and diminished 
renal function often account for higher uric acid levels. Cur-
rent literature has reported an association between compo-
nents of the metabolic syndrome such as obesity, hyperten-
sion, dyslipidemia, or insulin resistance and renal urate ex-
cretion. Although our data failed to show any significant 
association, the role of the presence of metabolic syndrome 
in urate excretion is well documented [27, 28].  

 Our findings are limited by a moderate sample size and 
the short follow-up period for measuring outcomes. Also, 
since the majority of patients were white or African Ameri-
can, our findings may not be applicable to those of other 
races. Moreover, patients enrolled in the STRATIFY study 
had signs or symptoms of AHF based on the Framingham 
criteria, which were ideally developed for a longitudinal di-
agnosis of heart failure. This may introduce bias into patient 
selection and generalizability of results. Our study is also 

potentially limited by our use of a cardiology overread. Al-
though this is a standard and accepted method to determine 
heart failure presence, it is not perfect. The cardiologists 
were not blinded to BNP results, potentially introducing bias 
favoring BNP’s diagnostic utility. Lastly, subjects’ past med-
ical history of gout or allopurinol use were not part of the 
prospective assessment form. They were collected retrospec-
tively and may have been underestimated.  

CONCLUSION 

 While our data suggest that uric acid levels are raised in 
ED patients with AHF, its diagnostic and prognostic utility, 
whether alone or in combination with BNP, is poor.  
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