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Is There a Prognostic Significance of Serum Uric Acid Level in
Cardiac Dysfunction?

Serum Urik Asit Diizeyinin Kardiyak Disfonksiyonda Prognostik bir
Onemi Var midir?
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Abstract

Objectives: Uric acid (UA) is the end-product of purine metabolism and is a well-known risk factor for
gout disease. In addition to that, elevated serum UA levels have been associated with many disorders
including insulin resistance, obesity, hypertension, renal dysfunction and hypothyroidism. On the other
hand, whether uric acid has any causal relationship with cardiovascular morbidity is a debated issue.
Materials and Methods: This retrospective study included totally 326 patients who were inpatients at
the Cardiology Ward or Coronary Intensive Care Unit of Ankara Numune Training and Research
Hospital between March 2016 and February 2017. Data regarding serum UA and N-terminal pro B-type
Natriuretic Peptide (NT-proBNP) levels and left ventricular ejection fraction %) LVEF) were retrieved
from the hospital information system. Patients were categorized into four groups based on their UA
levels (Group 1 UA: 2.7-4.9 mg/dL, Group 2 UA: 5-6 mg/dL, Group 3 UA: 6.1-7.4 mg/dL, Group 4 UA: 7.5-
15.6 mg/dL). Other parameters were compared between the groups using ANOVA test. Additionally, the
effects of gender, age and eGFR were also examined when evaluating the changes in left ventricular
function according to UA levels. Correlation between the variables was analyzed with Pearson’s
correlation test.

Results: Group 4 was significantly different than the rest of the groups in terms of age, NT-proBNP and
eGFR (p<o0.001). In addition, group 4 showed significant difference from Group 1 and Group 3 regarding
%LVEF (p=0.006 and p=0.002, respectively). However, the differences between the groups regarding
%LVEF was not influenced by age or eGFR. Regardless of the groups, serum UA levels showed
statistically significant but weak positive correlation with NT-proBNP (r=0.310, p<o.001), and low level of
negative correlation with % LVEF, which was statistically significant (r=-0.173, p=0.002).

Conclusion: Based on our findings, we concluded that serum UA level has prognostic significance in
cardiac dysfunction and can be used in the follow-up of such patients.
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Oz

Amag: Urik asit, piirin metabolizmasinin son iiriinii ve gut icin iyi bilinen bir risk faktériidiir. Bununla
birlikte, yliksek serum trik asit diizeyleri insiilin rezistansi, obezite, hipertansiyon, renal disfonksiyon,
hipotiroidi gibi bircok hastalikla iligkili bulunmustur. Ote yandan, iirik asidin kardiyovaskiiler
morbiditede nedensel bir rol oynayip oynamadig: tartisilmaktadir. Calismamizda serum iirik asit (UA)
ve kalp yetmezligi prognostik belirteci olan N terminal pro B-tipi Natritiretik Peptit (NT-proBNP)
diizeyleri ile sol ventrikil fonksiyon bozuklugu arasinda iliski olup olmadigini arastirmay: amacladik.
Materyal ve Metot: Calisma retrospektif olarak planlandi. Mart 2016 ile Subat 2017 tarihleri arasinda
Ankara Numune Egitim ve Arastirma Hastanesi Kardiyoloji Servisi ve Koroner Yogun Bakimda yatan 326
hasta ¢alismaya dahil edildi. Bu hastalarin serum UA, NT-proBNP diizeyleri ile ejeksiyon fraksiyonu (EF)
bulgular1 hastane enformasyon sisteminden alindi. Hastalar serum UA diizeylerine gére 4 gruba ayrildi
(1. grup UA; 2,7-4,9 mg/dL, 2. grup UA; 5-6 mg/dL, 3. grup UA; 6,1-7,4 mg/dL, 4. grup UA; 7,5-15,6
mg/dL). Gruplar arasinda parametreler ANOVA testi kullanilarak karsilastirildi. Ayrica, sol ventrikiil
disfonksiyon bulgularinda tirat diizeylerine gore degisimler incelenirken, cinsiyet, yas ve eGFR ‘nin bu
parametreler tizerindeki etkileri degerlendirildi. Degiskenler arasinda iligki icin Pearson korelasyon testi
kullanildi.

Bulgular: 4. grup; yas, NT-proBNP, eGFR diger gruplardan anlamli diizeyde farkliyd:i (p<o.oo1). EF, 4.
grup ile 1. ve 3. gruplar arasinda anlamli farkli bulundu (sirasi ile p=0,006 and p=0,002). Ancak EF'nun
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gruplar arasindaki farkliliklar: iizerinde yas ve eGFR etkisinin olmadig1 gortldi. Gruplardan bagimsiz
olarak serum UA diizeyi ile NT-proBNP arasinda istatistiksel olarak anlamli ancak zayif pozitif
korelasyon (r=0,310, p<0,001), % LVEF arasinda ise diisiik diizeyde ancak anlamli negatif korelasyon (r=-
0,173, p=0,002) tespit edildi.

Sonug: Calismamizdaki bulgulara gére serum UA diizeyinin kardiyak disfonksiyonda prognostik éneme
sahip oldugu ve hastalarin takibinde kullanilabilecegi kanisina varilmigtir.

Anahtar kelimeler: Kardiyak disfonksiyon, NT-proBNP, iirik asit.
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Introduction

Uric acid (UA), which is a weak acid, is mainly produced in liver, intestinal system,
muscle, kidney and vascular endothelial cells through a reaction catalyzed by xanthine
oxidase (XO) as an end-product of purine metabolism. It is mainly excreted through
kidneys.! Primary or secondary hyperuricemia is caused by reduced UA excretion
through kidneys in 85-90% of the cases. On the other hand, elevated UA levels can also
be caused by a purine-rich diet, alcohol consumption and conditions associated with
high cellular turnover such as tumoral lysis and psoriasis.>

UA is a potent scavenger of peroxynitrite and reactive oxygen radicals and is an anti-
oxidant molecule3 It can have a key role in tissue healing process by inducing
endothelial cell mobilization and the inflammatory process that is required for tissue
repair.4 More than half of the plasma anti-oxidant capacity is provided by UA. Due to
its antioxidant property, UA has been shown to be protective against neurological
diseases such as Multiple Sclerosis, Parkinson’s and Alzheimer’s diseases.!

In addition to its roles in pathogenesis of gout and kidney stones, UA has long been
known to be associated with various diseases including hypertension (HT),
Cardiovascular Diseases (CVD), Metabolic Syndrome (MS), insulin resistance and
Diabetes Mellitus (DM).5 The prevalence of MS has been reported to be 10 times higher
among individuals with normal body mass index in the presence of serum UA levels
greater than 10 mg/dL when compared to those with UA levels lower than 6 mg/dL.°
Studies have shown that elevated serum UA levels are associated with DM and insulin
resistance.”® There is in increased hepatic glucose production in the presence of
insulin resistance and type 2 DM. Intracellular UA induces the enzyme Adenosine
Monophosphate Dehydrogenase (AMPD), a stimulator of hepatic gluconeogenesis,
while inhibiting the enzyme Adenosine Monophosphate Protein Kinase (AMPK), an
inhibitor of hepatic gluconeogenesis.® Reduction of nitric oxide (NO) caused by
hyperuricemia also contribute to development of insulin resistance.”®. It has been
shown that high UA levels are associated with HT, even within the reference interval."
By causing smooth muscle cell proliferation and production of low grade inflammatory
and vasoconstrictor substances, elevated UA levels lead to growth, instability and
rupture of atherosclerotic plaques, facilitate thrombus formation, and thus, precipitate
microvascular diseases.>
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Besides studies that show UA as an independent risk factor for CVD, presence of other
studies with contradicting findings has resulted in a controversy about the relationship
between hyperuricemia and CVD.

Therefore, in the present study, we aimed to investigate whether serum UA levels are
associated with N-terminal pro B-type Natriuretic Peptide (NT-proBNP), a prognostic
marker for heart failure, and with left ventricular dysfunction.

Materials and Methods

The study was designed as a retrospective study. Totally 326 patients who were
admitted to Cardiology Clinic or Coronary Intensive Care Unit of Ankara Numune
Training and Research Hospital between March 2016 and February 2017 were included
in the study. Data regarding concurrently measured serum UA and NT-proBNP levels
(Reference intervals are <75 years; 0-300 ng/L and >75 years; 0-450 ng/L) and left
ventricular ejection fraction (% LVEF) from echocardiographic assessment on the same
day were retrieved from the hospital information system. Serum UA levels were
measured with Beckman Coulter AU 5800 (Beckman Coulter, USA) analyzer. Plasma
NT-proBNP levels were measured with fluorescence immunoassay using Finecare FIA
meter (Katalogno.W202, Gguanghou, P.R. China). Measuring range and lower limit of
detection for NT-proBNP measurement were 18-35.000 ng/dL, and 18 ng/dL,
respectively. Estimated glomerular filtration rate (eGFR) was calculated with MDRD
formula and patients were divided into two groups with eGFR levels =65 and <6s5.

Patients were categorized into 4 groups based on serum UA levels according to
Yamauchi et al, ; Group 1 UA level: 2.7-4.9 mg/dL, Group 2 UA level: 5-6 mg/dL, Group
3 UA level: 6.1-7.4 mg/dL and Group 4 UA level: 7.5-15.6 mg/dL . The groups were
compared in terms of age, NT-proBNP, non-HDL cholesterol, white blood cell (WBC)
count, eGFR and % LVEF.

Statistical Analysis

Study parameters were compared across the groups using ANOVA test. In addition,
when evaluating the changes in left ventricular dysfunction findings according to UA
levels, the effects of gender, age and eGFR on these parameters were evaluated with
logistic regression analysis. Correlation between the variables was analyzed with
Pearson’s correlation test.

Results

Serum UA levels and distribution of age, NT-proBNP and % LVEF values in groups
created according to UA levels are presented in Table 1.

Accordingly, in Group 4, mean patient age and plasma NT-proBNP levels were
significantly higher in comparison to the rest of the groups (p <o0.001). In Group 4, %
LVEF was significantly different compared to Group 1 and Group 3 (p=0.006 and
p=0.002, respectively). However, age and eGFR were found to have no effect on the
differences between the groups regarding % LVEF. The correlations of serum UA level
with NT-proBNP and % LVEF were analyzed independent of the groups, and
accordingly, there was a weak positive correlation between UA and NT-proBNP, which
was statistically highly significant (r=0.310, p<o.001) and a low level of negative
correlation between UA and % LVEF, which was statistically significant (r=-0.173,
p=0.002) (Table 2). When the controlled variable was age, there were weak but
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significant correlation between serum UA and NT-proBNP levels and % LVEF (r=0.248,
p<o.0o1 and r=-0.142, p=0.009, respectively). There were weak but statistically
significant correlation between serum UA level and serum NT-proBNP levels and %
LVEF, which was a sex-controlled variable (r=0.312, p<o.001 and r=-0.178, p=0.001,
respectively).

Table 1. Groups and parameters according to UA levels.

Group 1 Group 2 Group 3 Group 4
(n=83) (n=81) (n=85) | (=79 | P
UA mg/dL 2.7-4.9 5-6 6.1-7.4 7.5-15.6
Male, n (%) 52 (62.66) | 63(77.78) | 64(75.29) | 45 (58.44)
Age, mean+SD 59.42+14.33 | 62.43+12.85 | 61.35+14.61 | 69.47+14.26 | <0.001
NT-proBNP ng/L,
median (IOR) 464 (1381) 517 (1401) 398 (1441) | 3086 (66091) | <0.001
% LVEF, mean+SD 50.99+11.80 | 48.31+13.87 | 51.78+12.33 | 43.61+16.77 g'ggjb
=6 80 (96.39) 69 (85.19) 8 (68.23) 2 (41.56)
eGER, n (%) 5 96.39 9 (65.19 5 3 32 (41.5
<65 3 (3.61) 12 (14.81) 27 3177) | 45(58.44)

aBetween Group 4 and Group 1, "Between Group 4 and Group 3.

Discussion

Our study results showed that Group 4, which had the highest UA level, had higher
NT-proBNP levels and lower % LVEF compared to the other groups. In their study,
Yamauchi et al. examined the association between serum UA, BNP, % LVEF and left
ventricular mass index (LVMI), and similar to our results, they showed that as UA level
increased, BNP level and LVMI increased, and % LVEF decreased.” In another study
including patients with heart failure, a highly strong inverse relationship was found
between serum UA level and % LVEF.3 4

Table 2. Correlation serum UA level between age, NT-proBNP and %LVEF.

Serum UA
r 1%
Age 0.272 <0.001
NT-ProBNP 0.310 <0.001
% LVEF -0.173 0.002

Serum UA level also reflects XO enzyme activity. Increased XO enzyme activity in
patients with heart failure suggests that it may play an important role in
pathophysiological events of heart failure such as oxidative stress, apoptosis in
myocytes, and cardiac mechano-electric dissociation.’s
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The association between serum UA levels and CVD may involve risk factors often
encountered in cardiac disease or may be independent of these factors as well. These
risk factors include DM, dyslipidemia, HT, alcohol consumption, hypothyroidism and
diuretic use. Independent of the risk factors, increased serum UA levels albeit in
normal reference range has been shown to cause impairment in flow-mediated dilation
in brachial arteries, increased carotid media intima thickness and aortic atherosclerosis
in healthy individuals 3. A rat study showed that UA stimulated phosphorylation of
platelet derived growth factor receptor B (PDGFRB).®® This may explain increased
vascular smooth muscle cell proliferation and higher prevalence of CVD's observed in
hyperuricemic patients.3 Elevated UA levels cause increased activity of NADPH
oxidase, and in turn, increased production of reactive oxygen species (ROS). Increased
ROS leads to vascular injury through various mechanisms involving reduced ATP,
increased phosphorylation of PDGFRp, induction of renin angiotensin system,
mitochondrial injury and increased apoptosis.3 Increased oxidative stress in
hyperuricemia may lead to reduced NO synthesis and thus, disturbance in peripheral
vasodilation capacity.3 Studies that investigated whether serum UA is an independent
risk factor for CVD had contradicting results. Framingham heart study could not find
association between UA and coronary heart disease (CHD) or cardiovascular
mortality."” Later studies have shown serum UA as an independent predictor of CHD,
and found a positive correlation between serum UA level and the severity of CHD.® "9
One study including middle-aged patients with 7- 17 years follow-up time showed
higher risk of myocardial infarction, heart failure and stroke in patients with high basal
serum UA levels.>°

One study that compared serum UA levels and the severity of heart failure, which was
assessed with New York Heart Association (NYHA) score, found higher serum UA
levels among patients in NYHA groups Il and IV.*

Unlike our results, Zeng et al. did not find difference regarding % LVEF between
subsets of patients according to serum UA. In their study including type 2 diabetic
kidney patients, they categorized patients into 4 groups based on their serum UA
levels. The researchers reported that there was no difference between the groups
regarding % LVEF (p=0.352), whereas LVMI and frequency of left ventricular
hypertrophy (LVH) were different between the groups.>

In our study, we found that serum UA level showed positive correlation with NT-
proBNP and negative correlation with % LVEF, independent of the groups. While one
study also showed positive correlation between UA and BNP, there were studies
showing negative correlation between UA and % LVEF, or others that did not find any
correlation as well.'42

Based on our findings, it is concluded that serum UA level has prognostic significance
in cardiac dysfunction as NT-proBNP, and that it can be used in follow-up of such
patients.

Limitations

Limitations of the present study include lack of evaluation of LVMI, which is LVH’s
indicator and have importance in assessment of cardiac function.
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