
 Journal of Geriatric Cardiology (2012) 9: 137−142 
 ©2012 JGC All rights reserved; www.jgc301.com 
  

http://www.jgc301.com; jgc@jgc301.com | Journal of Geriatric Cardiology 

Research Articles    • Open Access • 
 

Serum uric acid as an index of impaired renal function in congestive heart 
failure 
 
Yu Tian1, Ying Chen1, Bao Deng2, Gang Liu2, Zhen-Guo Ji2, Qing-Zhen Zhao2, Yu-Zhi Zhen2, 
Yan-Qiu Gao2, Li Tian2, Le Wang2, Li-Shuang Ji2, Guo-Ping Ma2, Kun-Shen Liu2, Chao Liu2 
1Emergency Department, The First Hospital of Hebei Medical University, Hebei Medical University, 89 Donggang Road, Shijiazhuang 050031, Hebei Province, 
China 
2Heart Centre Department, The First Hospital of Hebei Medical University, Hebei Medical University, 89 Donggang Road, Shijiazhuang 050031, Hebei 
Province, China  

 
Abstract 

Background  Hyperuricemia is frequently present in patients with heart failure. Many pathological conditions, such as tissue ischemia, 
renal function impairment, cardiac function impairment, metabolic syndrome, and inflammatory status, may impact uric acid (UA) metabolism. 
This study was to assess their potential relations to UA metabolism in heart failure. Methods  We retrospectively assessed clinical charac-
teristics, echocardiological, renal, metabolic and inflammatory variables selected on the basis of previous evidence of their involvement in 
cardiovascular diseases and UA metabolism in a large cohort of randomly selected adults with congestive heart failure (n = 553). By 
clustering of indices, those variables were explored using factor analysis. Results  In factor analysis, serum uric acid (SUA) formed part of 
a principal cluster of renal functional variables which included serum creatinine (SCr) and blood urea nitrogen (BUN). Univariate correlation 
coefficients between variables of patients with congestive heart failure showed that the strongest correlations for SUA were with BUN (r = 
0.48, P < 0.001) and SCr (r = 0.47, P < 0.001). Conclusions  There was an inverse relationship between SUA levels and measures of renal 
function in patients with congestive heart failure. The strong correlation between SUA and SCr and BUN levels suggests that elevated SUA 
concentrations reflect an impairment of renal function in heart failure. 
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1  Introduction  

Hyperuricemia is frequently present in patients with heart 
failure. Serum uric acid (SUA) level is a strong, independent 
predictor of mortality in patients with heart failure.[1,2] Uric 
acid (UA) is the final product of purine degradation with 
xanthine oxidase, an enzyme implicated as a mechanistic 
participant in oxidative stress. Approximately 70% of the 
UA is excreted through the kidneys and 30% of the UA is 
excreted through the gastrointestinal tract. Accordingly, 
either overproduction or reduced excretion of UA can result 
in hyperuricemia. Tissue ischemia depletes adenosine tri-
phosphate and activates the purine nucleotide degradation 
pathway to UA, resulting in UA overproduction in the heart, 
lungs, liver, and skeletal muscle.[3–6] Therefore, SUA elevation 
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is related to the diseases with hypoxic states, such as heart 
failure,[3,7] cyanotic congenital heart disease,[8] and pulmonary 
arterial diseases.[9] However, many other pathological con-
ditions may impact UA metabolism as well. In congestive 
heart failure, venous congestion could worsen renal function, 
and impair glomerular filtration and tubular excretion of UA. 
Additionally, hyperuricemia is also associated with coronary 
artery disease and with its risk factors, such as obesity, 
hypertension, hypertriglyceridemia, dyslipidemias and diabetes 
mellitus,[10-12] which are also the risk factors for heart failure. 
Finally, diuretic treatment used in heart failure is another 
significant confounder impacting on SUA levels. Therefore, 
determining their relations to SUA in heart failure will 
improve our understanding of the role of UA in heart failure. 
Consequently, we designed this retrospective, observational 
study to assess the potential relations between metabolic 
factors, cardiac function, renal function, and inflammatory 
markers in heart failure with UA metabolism. Factor analysis 
was used to explore the possible interrelationships between 
the above factors and SUA. With this statistical technique, it 
is possible to address whether their relationships are multi-
dimensional, or if they can be reduced to a single factor.  
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2 Methods 

We reviewed the medical record of 553 patients with 
congestive heart failure from our heart center between January 
2005, and March 2010. Patients were excluded from the analysis 
when variables (i.e., metabolic factors, cardiac function, renal 
function, and inflammatory markers) were not available from 
the same time point (defined as a maximum interval of 7 
days), when the patients received treatment with the xanthine 
oxidase inhibitor, allopurinol, or an uricosuric agent, or when a 
coexisting renal disease was present, or when the kidney 
function was severely impaired (e.g., serum creatinine levels 
> 200 μmol/L). The detailed clinical characteristics and me-
dications are listed in Table 1.  

Cardiac functional, renal, metabolic variables, and infla-
mmatory markers (such as leukocyte profile) were selected 
on the basis of previous evidence of their involvement in heart 
failure and/or UA metabolism in cardiovascular diseases.[10-20] 

The following variables were finally included in the analysis: 
body mass index (BMI), New York Heart Association (NYHA) 
functional class, left ventricular ejection fraction (LVEF), 
arterial pressure, fasting glucose (FG), lipid profile (including 
total cholesterol level (TCL), high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-C) and 
triglyceride (TG), serum creatinine (SCr), blood urea nitrogen 
(BUN), leukocyte profile (including neutrophils and monocytes), 
and diuretic dose. Statistical analyses were carried out using 
the SPSS statistical package (16.0). To avoid the emergence 
of a separate factor consisting solely of the two blood pressure 
measurements in the factor analysis, a single measurement 
of mean arterial pressure (diastolic + systolic/3) was employed. 
University Pearson correlation coefficients were derived. Signi-
ficant clustering of correlated renal function was identified 
by factor analysis. Factor analysis assumes inter-correlations 
between observed variables are influenced by a smaller 
number of hypothetical underlying variables, termed factors. 
Factors are characterized by the variables which, according 
to their so-called factor loadings, most strongly correlate 
with the concerned factor. Principal components analysis 
was used to extract the initial components. The varimax 
method of rotation was used to obtain the final factors and 
their loadings for each variable. Variables with factor loadings 
equal to, or greater than, 0.40 were primarily used for inter-
pretation of the obtained factors. We used three alternatives 
(i.e., exclude cases listwise, exclude cases pairwise, or replace 
with mean) to handle the missing values, and compared 
their impact on the final results. 

3 Results  

Univariate correlation coefficients between variables of 
patients with congestive heart failure are shown in Table 2. 

Table 1.  Clinical characteristics of patients with congestive 
heart failure. 

Variables Value 
Age (year), n = 553 63.26 ± 14.49 
Female, n = 553 223 (40.33%) 
BMI, n = 553 24.93 ± 3.62 
MI 123 (22.24%) 
AF 174 (31.46%) 
DM 116 (20.98%) 
Etiology of heart failure  
IHD 248 (44.85%) 
IDC 93 (16.82%) 
VHD 110 (19.89%) 
HTN 94 (17.00%) 
Others 8 (1.45) 
NYHA functional class  
I 47 (8.50%) 
II 118 (21.34%) 
III 170 (30.74%) 
IV 218 (39.42%) 
LVEF (%), n = 451 45.28 ± 16.33 
Laboratory test 
SUA (μmol/L), n = 553 420.31 ± 162.23 
SCr (μmol/L), n = 553 92.95 ± 28.28 
BUN (mmol/L), n = 553 7.31 ± 4.69 
FG  (mmol/L), n = 498 6.32 ± 3.34 
TCL (mmol/L), n = 541 4.20 ± 1.26 
TG (mmol/L), n = 541 1.34 ± 0.93 
LDL-C (mmol/L), n = 541 2.53 ± 1.03 
HDL-C (mmol/L), n = 541 1.07 ± 0.49 
Neutrophils (109/L), n = 553 5.42 ± 3.47 
Monocytes (109/L), n = 553 0.60 ± 1.34 
Medication 
Furosemide 299 (54.07%) 
HCTZ 298 (53.88%) 
Spironolactone 457 (82.64%) 
Digitalis 230 (41.59%) 
ACE I 357 (64.56%) 
ARB 74 (13.38%) 
CCB 114 (20.61%) 
β-blocker 339 (61.30%) 
Warfarin 112 (20.25%) 
Statin 205 (37.07%) 

Data are expressed as mean ± SD. ACE I: angiotensin-converting enzyme 
inhibitors; AF: atrial fibrillation/flutter; ARB: angiotensin II receptor blockers; 
BMI: body mass index; BUN: blood urea nitrogen; MI: myocardial infarction; 
CCB: calcium channel blocker; CHL: total cholesterol; DM: diabetes mellitus; 
FG: fasting glucose; HCTZ: hydrochlorothiazide; HDL-C: high-density 
lipoprotein cholesterol; IDC: idiopathic dilated cardiomyopathy; IHD: 
ischemic heart disease; LDL-C: low-density lipoprotein cholesterol; LVEF: 
left ventricular ejection fraction; NYHA: New York Heart Association; SCr: 
serum creatinine; SUA: serum uric acid; TCL: total cholesterol level, TG: 
triglyceride; VHD: valvular heart disease.  
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Table 2.  Univariate pearson correlation coefficients between variables of patients with heart failure. 

 BMI BP NYHA LVEF DIU SUA SCr BUN FG TCL TG LDL HDL Neutrophils Monocytes
Age 0.017 0.163*** 0.103** 0.350*** −0.106** −0.094* 0.223*** 0.131* 0.040 0.040* −0.079 0.017 0.101* 0.089* −0.043
BMI  0.143*** −0.143*** 0.095* −0.145*** 0.013 0.085* −0.112** 0.084 0.126** 0.197 0.104** −0.042 −0.057 −0.016
BP   0.060 0.179*** −0.104** −0.025 0.093* −0.042 0.037 0.169*** 0.087* 0.124** 0.055 0.040 −0.038

NYHA    −0.109* 0.306*** 0.216*** 0.168*** 0.248*** 0.039 −0.026 −0.094* 0.054 −0.082* 0.227*** 0.009
LVEF     −0.258*** −0.200*** 0.047 0.007 0.021 0.095* 0.022 0.056 0.102* 0.012 −0.018
DIU      0.426*** 0.265*** 0.452*** 0.013 −0.159*** −0.128** −0.065 −0.102** 0.097* 0.058
SUA       0.474*** 0.478*** -0.071 −0.102** −0.039 −0.002 −0.215*** −0.018 0.030
SCr        0.632*** 0.106** −0.008 −0.021 0.054 −0.138** 0.170*** −0.042

BUN         0.131** −0.095* −0.106** −0.030 −0.086 0.246*** −0.021
FG          0.090* 0.083* 0.055 0.049 0.200*** −0.017

TCL           0.356*** 0.875*** 0.315*** −0.079* −0.045
TG            0.149* −0.018 −0.081* −0.008

LDL             0.055 −0.047 −0.048
HDL              0.000 −0.007

Neutrophils               0.005
*P < 0.05; **P < 0.01; ***P < 0.001. BMI: body mass index; BP: blood pressure; BUN: blood urea nitrogen; DIU: Diuretic; FG: fasting glucose; HDL: 
high-density lipoprotein; LDL-C: low-density lipoprotein; LVEF: left ventricular ejection fraction; NYHA: New York Heart Association; SCr: serum creatinine; 
SUA: serum uric acid; TCL: total cholesterol level; TG: triglyceride.  

 
The strongest correlations for UA were with BUN (r = 0.48), 
SCr (r = 0.47), dosage of furosemide (r = 0.43), and NYHA 
functional class (r = 0.216) (both P < 001) (Figure 1). Loop 
diuretic dose, entered as the furosemide-equivalent dose 
(one milligram of bumetanide was taken as equivalent to 40 
mg of furosemide), correlated positively to BUN (r = 0.45, 
P < 0.001), but to a lesser degree with NYHA class (0.31, P < 
0.001). When the heart failure group was divided into those 
who were taking thiazide diuretics (n = 297), and those who 
were not (n = 255), there was no significant difference in 
SUA levels between the two groups (418.47 ± 143.71 μmol/L 
in thiazide group vs. 420.73 ± 179.90 μmol/L in those not 
given thiazide, P = 0.055).  

In factor analysis of the congestive heart failure group 
(the cases with missing values were excluded listwise), 15 
inter-correlated variables were reduced to six uncorrelated 
factors (Table 3). The factor which accounted for most of 
the variance in the dataset (factor 1, 17.64 % of the variance) 
comprised, in order of factor loading, SUA, SCr, BUN, DIU, 
and NYHA functional class. Taking the highest loading in 
each factor, factor 1 is interpreted as the high SUA/SCr; factor 2 
as the cholesterol profile factor; factor 3 as the impaired cardiac 
function factor; factor 4 as the high BMI/ TG factor; factor 5 as 
the high FG/ neutrophils; and factor 6 as the monocytes 
factor. These factors accounted for 63.89% of the total variance 
in the dataset. We also excluded cases pairwise, or replace 
the missing values with mean to handle missing values. 
There was little impact on the results of factor analysis. 

4 Discussion  

To our knowledge, this is the first study to analyze the 
interrelationships between SUA, clinical status, cardiac function, 
renal function, metabolic variables, and leukocyte profile. 
We found a significant inverse relationship between SUA 
levels and renal function that is independent of BMI, mean 
arterial pressure, fasting glucose level, lipid profile, cardiac 
function, and serum leukocyte profile, suggesting impaired 
renal function might be the primary reason for hyperuricemia 
in congestive heart failure. This finding is further supported 
by our previous observations that improvement in renal function 
was associated with a remarkable SUA reduction.[21–23]  

It is well recognized that gout and hyperuricemia are asso-
ciated with coronary artery disease and metabolic syndrome.[13] 

However, the present multivariate analysis demonstrated 
that SUA levels did not independently correlate with arterial 
pressure, TCL, TG, or FG in patients with heart failure. 
Hyperuricemia has also been linked to multiple pro-atherogenic 
processes, such as leukocyte activation in patients with coronary  
artery disease.[14,15] However, our data did not show there 
was a significant correlation between leukocyte profile and 
SUA levels even after the patients were stratified to ischemic 
or non-ischemic, suggesting it contributes little to SUA elevation 
in the congestive heart failure.  

Diuretic therapy is another possible confounder in UA 
metabolism. It is documented that loop diuretics produce 
potent diuretic effects at the cost of worsening of renal function 
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Figure 1.  Plots of SUA concentrations against BUN, SCr, NYHA class and furosemide dose. For NYHA functional class, SUA values 
are plotted as mean ± SD. *P < 0.05 compared with NYHA functional class I. # P < 0.01 compared with NYHA functional class I. † P < 0.01 
compared with NYHA functional class II. ‡ P < 0.01 compared with NYHA functional class III. BUN: blood urea nitrogen; NYHA: New 
York Heart Association; SCr: serum creatinine; SUA: serum uric acid.      

Table 3.  Results of factor analysis. 

Factor 1 2 3 4 5 6 
BMI 0.033 0.051 0.707 0.206 0.048 −0.005 
BP 0.149 0.157 0.041 0.675 −0.049 0.102 
NYHA 0.423 0.181 −0.389 −0.045 0.179 0.274 
SUA 0.763 −0.044 0.060 −0.130 −0.255 0.058 
SCr 0.750 0.014 0.084 0.258 0.183 −0.170 
BUN 0.722 −0.023 −0.079 0.027 0.330 −0.150 
FG 0.019 0.036 0.357 −0.146 0.720 −0.069 
TCL −0.092 0.949 0.207 0.107 0.056 −0.050 
TG −0.014 0.232 0.675 −0.057 −0.003 0.075 
LDL 0.034 0.935 0.077 0.066 −0.035 −0.017 
HDL −0.396 0.254 −0.194 0.105 0.339 −0.166 
Neutrophils 0.161 −0.040 −0.175 0.106 0.682 0.143 
Monocytes −0.061 −0.066 0.045 0.019 0.031 0.896 
LVEF −0.171 −0.004 0.061 0.760 0.077 −0.072 
DIU 0.552 −0.024 −0.242 −0.393 0.085 0.195 
Total variance explained, % 17.64 14.69 8.83 8.49 7.52 6.72 

Expressed in terms of loadings following rotation of principal components. Rotated loadings greater than 0.40 are shown in bold. Factor 1: high SUA/SCr; 
factor 2: cholesterol profile; factor 3: impaired cardiac function; factor 4: high BMI/TG; factor 5: high FG/ neutrophils; factor 6: monocytes. BMI: body mass 
index; BP: blood pressure; BUN: blood urea nitrogen; DIU: Diuretic; FG: fasting glucose; HDL: high-density lipoprotein; LDL-C: low-density lipoprotein; 
LVEF: left ventricular ejection fraction; NYHA: New York Heart Association; SCr: serum creatinine; SUA: serum uric acid; TCL: total cholesterol level; TG: 
triglyceride. 
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in heart failure.[24] Additionally, thiazide and loop diuretics 
cause a dose-dependent elevation of SUA by increasing its 
tubular re-absorption in the context of volume depletion. In 
the present study, the strongest univariate correlations detected 
for diuretic dose were with BUN, SUA, and NYHA functional 
class. Despite the fact that diuretic dose influenced signi-
ficantly the first factor together with SUA, SCr, BUN and 
NYHA class, diuretic dose failed to emerge as the strongest 
predictor of SUA in multiple regression analyses (data were 
not shown), and when it was entered in factor analysis, 
indicating increased diuretic dose may indirectly reflect the 
deterioration of renal function and clinical status. 

A relationship between LVEF and SUA is expected because 
xanthine oxidase inhibition by allopurinol may improve cardiac 
function in cardiac injuries.[16–18] However, LVEF had no 
significant effect on the same factor as SUA. LVEF had 
significant effect on the cardiac function (factor 3). Since, 
by definition, factors isolated in factor analysis are uncorrelated, 
LVEF may have little effect on SUA in congestive heart 
failure. 

It is well documented that hypoxia leads to accumulation 
of the precursors of UA (hypoxanthine and xanthine) and 
activation of xanthine oxidase/dehydrogenase.[25] Elevation 
in SUA is expected, since patients with heart failure have an 
impaired uptake of oxygen at rest and during exercise. Accor-
dingly, elevated SUA is expected to reflect the metabolic 
effects of hypoxia on the microvasculature. It is supported 
by our finding that there is a weak, but statistically signi-
ficant, correlation between SUA and NYHA functional class. 
However, impaired renal function remains the main contributor 
to SUA elevation in congestive heart failure.  

The present study has several limitations. The most impor-
tant one is the fact that it is a retrospective, observational study. 
The results, however, are hypothesis generating, and offer 
potential explanations for a hypothesis regarding the way 
SUA is elevated in congestive heart failure.  

In conclusion, a strong inverse relationship between SUA 
levels and renal function in patients with heart failure suggests 
that impaired renal function may be the primary reason for 
hyperuricemia in congestive heart failure. Further studies 
are warranted to verify our findings.  
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