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Abstract 

One of the major causes of mortality and morbidity is the spectrum 

of ischemic heart diseases (IHD) which ranks on the top of the lists 

among medical indications for health care, hospital admission and 

mortality worldwide Debate regarding the prognostic role of serum uric 

acid can be easily concluded when reviewing literatures dealing with this 

subject. Some authors mention an association between occurrence of 

complications in patients with IHD and serum uric acid. The present 

prospective cohort study included 62 patients with acute coronary 

syndrome (myocardial infarction and unstable angina)who were admitted 

to the coronary care unit (CCU) at Al-Dewaniyah teaching hospital in Al-

Dewaniyah province in Iraq. The study extended from January 2016 

through December 2016. For each patient the following data were 

obtained: age, gender, history of aspirin intake, type of acute coronary 

syndrome (STEMI, NSTEMI and UA), Killip class (I, II, III and IV) and 

serum uric acid at time of admission. Patients were followed for 

development of complication and for the occurrence of death. Results 

showed significant positive correlation between serum uric acid level and 

severity, type of ACS and mortality rate.   

Conclusion: high serum uric acid level is a poor prognostic factor in 

patients with acute coronary syndrome  
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Introduction 

 

One of the major causes of mortality and morbidity is the spectrum 

of ischemic heart diseases (IHD) which ranks on the top of the lists 

among medical indications for health care, hospital admission and 

mortality worldwide 
(1)

. Understanding the minute elements encountered 

in the whole picture of the pathophysiology of IHD may contribute 

enormously in improving the way in which health care professionals can 

diagnose, treat and anticipate future prognosis of this common disorder 

(2)
. The story of IHD can be summarized in few words: intra-coronary 

artery thrombosis with resultant ischemia and if lasts for more than 20 

minutes, it will lead to myocardial necrosis 
(3)

.  The main reason behind 

this article was the published argument that serum uric acid may 

somehow predict the outcome in patients with signs and symptoms 

suggestive of ischemic heart disease 
(2)

. It is mentioned in substantial 

amount of literatures that adenosine secreted by cardiac myocytes can 

cause vascular dilatation, in response to hypoxia and ischemia, then 

endothelium degrades rapidly adenosine to produce uric acid which 

ultimately reaches intravascular compartment 
(4)

; hence, measuring serum 

uric acid may serve as an indicator to the prognosis of patients with IHD 

(5)
.  

Debate regarding the prognostic role of serum uric acid can be 

easily concluded when reviewing literatures dealing with this subject. 

Some authors mention an association between occurrence of 

complications in patients with IHD and serum uric acid 
(6)

; others linked 

the rate of short term mortality after myocardial infarction to high level of 

serum uric acid 
(7)

. Others found an association between long-term 



hospital stay and the level of serum uric acid in patients with acute 

myocardial infarction 
(8)

. 

The lack of uricase enzyme activity by human body is the reason 

behind uric acid being the final product following metabolism of purine 

(9)
. The primary sites for uric acid metabolism in the body are the liver, 

kidneys, gastrointestinal tract and the heart after xanthine being oxidized 

by the enzyme xanthine oxidase (XO)
 (10)

. The two determinants factor for 

the serum level of uric acid are represented by its rate of production and 

its rate of excretion by the kidneys. Hyperuricemia is defined as a level 

greater than 360 μmol/L in women and greater than 420 μmol/L in men, 

low normal levels are represented by concentrations of <250 μmol/L and 

<310 μmol/L in women and men, respectively, and levels in between are 

regarded high normal 
(11)

. The development of high serum uric acid may 

be attributed to consumption of diets rich in purin such as alcohol, animal 

foods, sweetbreads and fructose, chronic disorders (diseases with high 

cell turnover and impaired renal function), intake of certain drugs such as 

diuretics and some inherited disorders (organic anion transporter 

mutations)
 (12)

. Uric acid may be involved in a number of cardiovascular 

disorders. It has some anti-oxidant activity; however, it may cause some 

oxidative stress in high concentrations and in acidic environment
 (13)

. 

Additionally, a lot of experimental researches showed that uric acid exerts 

effects on mononuclear inflammatory cells and vascular smooth muscle 

cells 
(14)

. For that reason it has been postulated that high serum uric acid 

level may be a poor prognostic factor for cardiovascular diseases
 (13)

. On 

the other hand, several authors linked high serum uric acids to conditions 

that are considered as risk factors for cardiovascular disorders such as 

dyslipidemia, hypertension and diabetes, and the picture is further 

complicated by some suggestion that uric acid is a byproduct rather than a 

cause for these conditions 
(13)

. In conditions, such as heart failure and 
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hypoxia, there will be activation of the enzyme xanthine oxidase (XO) 

(14)
, with subsequent rise in serum acid level promoting oxidative stress 

and endothelial dysfunction
 (10)

. It has been shown that inhibition of XO 

may reactivate endothelia function, however, the use of uricosuric agents, 

uric acid lowering agents, failed to produce similar effect 
(10)

. So one can 

reach the following controversy regarding the exact role of sertum uric 

acid in cardiovascular diseases, is it a pathogen? Or it is just a mirror for 

another risk factor that takes the role of the true pathogen
 (14)

.  

 

Taking into consideration coronary artery disease, a recent meta-

analysis of 26 large prospective cohort studies showed a statistically 

independent association between occurrence of the disease and related 

mortality and high serum uric acid concentration 
(15)

. There is little 

knowledge about the role of serum uric acid as an outcome predictor in 

patients with acute coronary syndrome. There are two studies that 

concluded an adverse prognostic role for high serum uric acid, at time of 

admission, in patients with acute coronary syndrome 
(16, 17)

. The aim of 

the present study was to evaluate the prognostic role of serum uric, at 

time of admission, in patients with acute coronary syndrome. 

 

Patients and methods 

The present prospective cohort study included 62 patients with 

acute coronary syndrome (myocardial infarction and unstable angina) 

who were admitted to the coronary care unit (CCU) at Al-Dewaniyah 

teaching hospital in Al-Dewaniyah province in Iraq. The study extended 

from January 2016 through December 2016. For each patient the 

following data were obtained: age, gender, history of aspirin intake, type 

of acute coronary syndrome (STEMI, NSTEMI and UA), Killip class (I, 

II, III and IV) and serum uric acid at time of admission. Patients were 
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followed for development of complication and for the occurrence of short 

term death. 

Data were introduced into an SPSS spread sheet and were analyzed 

using the 22
nd

 version of this software in addition to medcalc software. 

Numeric variables were expressed as mean and standard deviation 

whereas categorical variables were expressed as number and percentage. 

Correlations were calculated using Pearson and Spearman correlations; 

Mann Whitney U test and Kruskal Wallis tests were used to study 

differences in mean serum uric acid. Chi-square test was used to study 

association between hyperuricemia and other variables. Receiver operator 

characteristic (ROC) analysis was used to determined serum uric acid 

cutoff value that predict negative outcome.       

 

Results 

  

The demographic characteristic and variables included in the 

present study are shown in table 1. Table 2 showed positive correlation 

between high serum uric acid level and type of ischemic heart disease 

(highest level with STEMI), severity of ACS and short term mortality 

with p-values (0.001, 0.004 and 0.028, respectively). Further association 

was presented in table 3 that solidify the results obtained in table 2. 

Cutoff values for serum uric acid that predict negative outcome are shown 

in table 4 and figures 1,2 and 3.   

 

 

 

 



Table 1: Characteristic of the study group 

Characteristic   Statistic  

Age (mean ±SD) (range) years (57.85 ±12.38) (35-85) 

Gender   

Male (n, %) 25 (48.1) 

Female (n, %) 27 (51.9) 

History of aspirin (n, %) 10 (19.2) 

Type of ACS  

NSTEMI 24 (46.2) 

STEMI 22 (42.3) 

UA 6 (11.5) 

Killip class  

I (n, %) 7 (13.5) 

II (n, %) 24 (46.2) 

III (n, %) 18 (34.6) 

IV (n, %) 3 (7.7) 

Mortality (n, %) 12 (19.3) 

Serum uric acid (mg/dl) (7.16 ±1.49) (5.00 -10.65) 

Hyperuricemia (n, %)  20 (38.5) 

 

Table 2: Correlations of between serum uric acid and other variables 

included in the present study 

 

Statistic Gender age History of Aspirin intake ACS* Killip Class Death 

Correlation coefficient (r) 0.045 -0.187 0.187 0.438 0.393 0.304 

P-value 0.752 0.185 0.184 0.001 0.004 0.028 

*Acute coronary syndrome type (unstable angina, NSTEMI and STEMI)  

 

 

 

 

 

 



Table 3: Mean serum uric acid and rate of hyperuricemia in relation to 

ACS type, Kllip class and mortality 

  
Characteristic  Mean serum  

UA ±SD 

P * Hyperuricemia 

n (%) 

P † 

ACS     

UA 5.82 ±0.44 

0.006 

0 

0.014 NSTEMI 6.88 ±1.41 7 

STEMI 7.83 ±1.45 13 

Killip Class     

I 5.98 ±0.88 

0.026 

1 

0.260 
II 6.96 ±1.15 8 

III 7.59 ±1.71 9 

IV 8.97 ±1.48 2 

Mortality     

Died 8.02 ±1.72 
0.030 

8 
0.022 

Alive 6.90 ±1.33 12 

* Mann Whitney U and Kruskal Wallis tests; † Chi-square test 

Table 4: Cutoff values of serum uric acid that predict ACS type and class 

and death by receiver characteristic curve analysis 

 
Characteristic   Cut off value AUC Interpretation P-value Sensitivity Specificity 

MI versus UA > 6.2 mg/dl 0.797  <0.001 76.1 % 100 % 

Class I and II versus III and IV >7.2 mg/dl 0.645  0.088 65.0  % 62.5% 

Death versus alive >8.0 mg/dl 0.708  0.029 58.3 % 80 % 

 

 

 

Figure 1: Receiver operator characteristic curve (ROC) for calculation of 

serum uric acid value for MI versus UA 
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Figure 2: Receiver operator characteristic curve (ROC) for calculation of 

serum uric acid value for Killip class I and II versus III and IV 
 

 

Figure 3: Receiver operator characteristic curve (ROC) for calculation of 

serum uric acid value for Death versus alive outcome 
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Discussion  

 

The current study showed that hyperuricemia was associated with 

more severe form of IHD and greater rate of short mortality. In a study 

carried out in Turkey, Deveci et al studied 1012 patients to explore the 

association between severity of ischemic heart disease and the level of 

serum uric acid and the study came up with a conclusion of significant 

difference in mean serum uric acid in patients with coronary heart disease 

compared to those who are free of it regardless of the gender. Added, to 

that, this study showed a significant correlation between the severity of 

the disease and level of uric acid (18). Another study, included 495 patients 

with ischemic heart disease, found  a significant statistical association 

between the existence of ischemic heart disease, based on angiography, 

and high serum level of uric acid; nevertheless, severity of disease shoed 

no association with the level of serum uric acid (19). A positive correlation 

between severity of ischemic heart disease and hyperuricemia was proved 

by Duran M et al in a study carried out on 246 patients with acute 

coronary syndrome 
(20)

. In addition, Xiong Z et al observed a positive 

correlation between severity of ischemic heart disease, as assessed by 

angiograohy, and high level of serum acid 
(21)

. The results of the above 

mentioned studies are comparable with our findings. 

In contradiction to the findings of the present study, Lu P et al  

observed that there was no correlation between severity of ischemic heart 

disease and serum uric acid levels (22).  

High serum uric acid concentrations have been shown to be 

associated with diabetics, obese, hypertensive and dyslipidemics. It has 

been postulated that a number of risk factors are responsible for the 

elevated serum uric acid and this by far makes the validity of serum uric 



acid estimation as an independent risk factor questionable 
(23)

; 

nevertheless several studies showed was no statistical difference in serum 

uric acid concentrations of diabetics versus non-diabetics and 

hypertensives versus non-hypertensives in patients with IHD 
(24)

. 

Hyperuricemia has also been suggested as a marker of unfavorable 

prognosis and raised mortality rate globally (34). Short term mortality has 

been shown, by Ndrepepa G et al, to be positively correlated with high 

serum uric acid levels in patients with all type of acute coronary 

syndromes (25). Development of heart failure and long term complications, 

have been also shown, by Kojima S et al, to be predicted on the basis of 

high serum uric acid levels in patients with acute myocardial infarction 

(MI)
 (26)

.   

High uric acid succeeded to predict poor outcome in patients with 

concomitant ischemic heart disease and pre-existing renal impairment. 

Outcome in dilated cardiomyopathy, calcific aortic stenosis, atrial 

fibrillation and metabolic syndromes has been linked, in several studies, 

to serum uric acid
 (27)

. A number of studies re-discussed the possibility of 

xanthine oxidase inhibitors in delaying the progression of atheroma 
(28)

. 

The xanthine oxidase inhibitor Allopurinol is being thoroughly 

studied for its possible benefit as additional treatment in patients with 

stable ischemic heart disease 
(29)

. In conclusion; high serum uric acid level 

appears to be a poor prognostic indicator in patients suffering from acute 

coronary syndrome. 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858930/#B16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858930/#B17
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858930/#B18


References  

1. WHO. The 10 leading causes of death in the world, 2000 and 2011. Geneva: WHO; 

2014. 

2. Hajizadeh R, Ghaffari S, Salehi R, Mazani S, Aghavali S. Association of serum 

uric acid level with mortality and morbidity of patients with acute ST-elevation 

myocardial infarction. Journal of Cardiovascular and Thoracic Research. 

2016;8(2):56-60. 

3. Soukoulis V, Boden WE, Smith SC Jr, O’Gara PT. Nonantithrombotic medical 

options in acute coronary syndromes: old agents and new lines on the horizon. Circ 

Res. 2014;114:1944–58. 

4. Raatikainen MJ, Peuhkurinen KJ, Hassinen IE. Contribution of endothelium and 

cardiomyocytes to hypoxia-induced adenosine release. J Mol Cell Cardiol. 

1994;26:1069–80.  

5. Kroll K, Bukowski TR, Schwartz LM, Knoepfler D, Bassingthwaighte JB. 

Capillary endothelial transport of uric acid in guinea pig heart. Am J Physiol. 

1992;262:H420–31. 

6. Chen L, Li XL, Qiao W, Ying Z, Qin YL, Wang Y. et al. Serum uric acid in 

patients with acute ST-elevation myocardial infarction. World J Emerg Med. 

2012;3:35–9. 

7. Car S, Trkulja V. higher serum uric acid on admission is associated with higher 

short-term mortality and poorer long-term survival after myocardial infarction: 

retrospective prognostic study. Croatian Medical Journal. 2009;50:559–66.  

 

8. Omidvar B, Ayatollahi F, Alasti M. The prognostic role of serum uric acid level in 

patients with acute ST elevation myocardial infarction. J Saudi Heart Assoc. 

2012;24:73–8. 

 

 

9. Wu XW, Muzny D, Lee C, Caskey C. Two independent mutational events in the 

loss of urate oxidase during hominoid evolution. J Mol Evol. 1992;34:78–84.  

 



10. Pacher P, Nivorozhkin A, Szabo C. Therapeutic effects of xanthine oxidase 

inhibitors: renaissance half a century after the discovery of allopurionol. Pharmacol 

Rev. 2006;58:87–114.  

 

11. Feig DI, Kang D-H, Johnson RJ. Uric acid and cardiovascular risk. N Engl J Med. 

2008;359:1811–21.  

 

12. Lippi G, Montagnana M, Franchini M, Favaloro EJ, Targher G. The paradoxal 

relationship between serum uric acid and cardiovascular disease. Clin Chim Acta. 

2008;392:1–7.  

 

13. Johnson RJ, Kang D-H, Feig DI, Kivlighn S, Kanellis J, Watanabe S, et al. Is 

there a pathogenetic role for uric acid in hypertension and cardiovascular and renal 

disesas? Hypertension. 2003;41:1183–90.  

 

14. Duan X, Ling F. Is uric acid itself a player or a bystander in the pathophysiology 

of chronic heart failure? Med Hypotheses. 2008;70:578–81.  

 

15. Kim SY, Guevara JP, Kim KM, Choi HK, Heitjan DF, Albert DA. Hyperuricemia 

and coronary heart disease: a systematic review and meta-analysis. Arthritis Care Res 

(Hoboken) 2010;62:170–80.  

 

16. Kojima S, Sakamoto T, Ishihara M, Kimura K, Miyazaki S, Yamagishi M, et al. 

Japanese acute coronary syndrome study (JACSS) investigators. Prognostic 

usefulness of serum uric acid after acute myocardial infarction. Am J Cardiol. 

2005;96:489–95.  

 

17. Car S, Trkulja V. Higher serum uric acid on admission is associated with higher 

short-term mortality and poorer long-term survival after myocardial infarction: 

retrospective prognostic study. Croat Med J. 2009;50:559–66.  

 

 



18. Deveci OS, Kabakci G, Okutucu S, Tulumen E, Aksoy H, Kaya EB, et al. The 

association between serum uric acid level and coronary artery disease. Int J Clin Pract. 

2010;64(7):900–907.  

19. Gur M, Yilmaz R, Demirbag R, Aksoy N. Relation of serum uric acid levels with 

the presence and severity of angiographic coronary artery disease. Angiology. 

2008;59(2):166–171 

20. Duran M, Kalay N, Akpek M, Orscelik O, Elcik D, Ocak A. High Levels of 

Serum Uric Acid predict severity of ischemic heart disease in Patients With Acute 

Coronary Syndrome. Angiology. 2012;63(6):448–452.  

21. Xiong Z, Zhu C, Qian X, Zhu J, Wu Z, Chen L. Predictors of clinical SYNTAX 

score in coronary artery disease: serum uric acid, smoking, and Framingham risk 

stratification. J Invasive Cardiol. 2011;23(12):501–504.  

22. Lu P, Hu D, Lu J, Wang W, Chen B. The association between uric acid and 

coronary heart disease. ZhonghuaNeiKeZaZhi. 2002;41(8):526–529.  

23. Puig JG, Martínez MA. Hyperuricemia, gout and the metabolic syndrome. Curr 

Opin Rheumatol. 2008:20:187–191 

24. Freedman DS, Williamson DF, Gunter EW, Byers T. Relation of serum uric acid 

to mortality and ischemic heart disease. The NHANES I Epidemiologic Follow-up 

Study. Am J Epidemiol. 1995;141(7):637–644.  

25. Ndrepepa G, Braun S, King L, Fusaro M, Tada T, Cassese S. Uric acid and 

prognosis in angiography-proven coronary artery disease. Eur J Clin Invest. 

2013;43(3):256–266.  

26. Kojima S, Sakamoto T, Ishihara M, Kimura K, Miyazaki S, Yamagishi M. 

Prognostic usefulness of serum uric acid after acute myocardial infarction (the 

Japanese Acute Coronary Syndrome Study) Am J Cardiol. 2005;96(4):489–495. 

 

27. Tamariz L, Agarwal S, Soliman EZ, Chamberlain AM, Prineas R, Folsom AR. 

Association of serum uric acid with incident atrial fibrillation (from the 

Atherosclerosis Risk in Communities [ARIC] study) Am J Cardiol. 

2011;108(9):1272–1276.  

28. Demir B, Caglar IM, Ugurlucan M, Ozde C, OktayTureli H, Ciftci S. The 

Relationship Between Severity of Calcific Aortic Stenosis and Serum Uric Acid 

Levels. Angiology. 2012;63(8):603–608.  



29. Noman A, Ang DS, Ogston S. Effect of high-dose allopurinol on exercise in 

patients with chronic stable angina: a randomised, placebo controlled crossover trial. 

Lancet. 2010;375:2161–2167.  

 

 

 


