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Abstract 

Coronary artery disease is a leading cause of morbidity and mortality globally. Various risk 

factors for the development of cardiovascular disease are known, however, the role of uric acid 

has been debatable. Patients more than 40 years of age diagnosed as Acute Coronary 

Syndrome were admitted and observed for in hospital course, in-hospital mortality and then 

were followed up at 30 days after discharge. The patients were stratified according to uric acid 

level as normouricemia and hyperuricemia and the observations were made. We found that 

hyperuricemia was seen more in patients with diabetes, dyslipidemia, obesity and smokers. In-

hospital course was more complicated in patients with hyperuricemia.Heart failure, 

arrhythmias, cardiogenic shock and in-hospital mortality were significantly higher in 

hyperuricemic patients. Hyperuricemia was also associated with more severe coronary artery 

disease. 30 day MACE rate was significantly higher in patients with baseline hyperuricemia 

driven mainly by cardiovascular death and reinfarction. 

Keywords: acute coronary syndrome, myocardial infarction, Uric acid, hyperuricemia, heart 

failure, death, mortality. 

Introduction 

Cardiovascular disease is the most common cause of death in developing and developed 

countries. Coronary artery disease and acute coronary syndrome are the leading cause of 

morbidity and mortality1. The dysfunctional endothelium is the fundamental problem of many 

cardiovascular pathologies. It is induced by genetic, biochemical and hemodynamic defects, 

which in turn can be influenced by well-known risk factors like age, dyslipidemia, smoking, 

hypertension, male sex and so on, In recent years, lot of interest has been generated around the 

role of uric acid as a risk factor for cardiovascular disease. An association between uric acid 

and cardiovascular disease has been recognized for many years, however, the role of uric acid 

as an independent risk factor for cardiovascular disease remains debatable2. Uric acid is the 

end product of purine metabolism. It is biologically active and can stimulate oxidative stress, 

endothelial dysfunction, inflammation and vasoconstriction3,4. Elevated uric acid levels are 

often associated with various other cardiovascular risk factors such as obesity, hypertension, 
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lipid disorders, diabetes and renal dysfunction5-8. 

 

Studies have demonstrated a positive relationship between uric acid levels and incidence of 

cardiovascular events9-14 and also severity of coronary artery disease15. Some studies have 

shown that the association is significant only in female patients16,17 and some on the other hand 

have reported that uric acid is not a causal risk factor for cardiovascular events2. The ESC/ESH 

2018 guidelines have introduced uric acid evaluation among the cardiovascular risk factors to 

stratify patients’ risk18. 

 

In this study, we tried to evaluate the role of serum uric acid in acute coronary syndrome 

patients and the in-hospital outcome & 30 day major adverse cardiovascular events (MACE) 

rate. 

 

Materials and Methods 

 

Design: 

We conducted a prospective observational study at Sri Jayadeva Institute of Cardiovascular 

Sciences and Research, Kalaburagi. Patients were recruited from April 1, 2022 to March 31, 

2023. The in-hospital course of all the patients was observed. All discharged patients were 

followed up to know the 30 day MACE (Major adverse cardiovascular events) which included 

Cardiovascular mortality (CV mortality), Heart Failure hospitalization and reinfarction. 

Approval was obtained from the ethical committee. 

 

Participants: 

Patients more than 40 years of age diagnosed as acute coronary syndrome based on clinical 

history, ECG, 2D Echocardiography and cardiac biomarkers were admitted and treated as per 

standard protocol. Out of 5132 patients, 582 patients met exclusion criteria(mentioned below) 

and hence were excluded from the study. Baseline demographic and clinical characteristics 

were recorded.  

 

Inclusion criteria: 

Patients more than 40 years of age who were diagnosed as acute coronary syndrome. 

 

Exclusion criteria: 

Patients with: 

o Chronic Kidney Disease 

o Prior Atrial fibrillation (AF) 

o Gout 

o Hematological malignancies 

o Chronic alcoholism 

o Patients with H/O intake of drugs that increase serum uric acid level 

 

Lab investigations: 

CBC, Blood sugar, HbA1c, Lipid profile, Serum uric acid, RFT were analysed on admission 

and were monitored serially when indicated.  

CBC, blood sugar were measured using automated analyser. Lipid profile was analysed by 

automatizer based on spectrophotometry. HbA1c was analysed using enzyme linked assay. 

Serum uric acid was measured by uricase method. 
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ECG was performed using a 6 channel BPL Cardiart 9108 machine. 2D ECHO was done using 

Vivid iq, GE Medical systems ultrasound equipment. All standard ECHO views were used. 

Troponin T was measured using standardized enzyme linked assay (Elecsys Troponin T hs, 

ROCHE Diagnostics, Germany). 

 

Definitions: 

Acute coronary syndrome: comprises unstable angina, non ST elevation MI (NSTEMI) and ST 

elevation MI (STEMI) 

Unstable angina was defined according to Braunwald’s criteria19 - Clinical characteristics +/- 

ECG changes 

NSTEMI and STEMI were defined according to 2018 universal definition of Myocardial 

Infarction20. 

Hyperuricemia: serum uric acid > 7.0 mg/dl was considered hyperuricemia in our study21. 

 

Statistical Analysis 

The data were coded and entered in MS-excel office 2010. The data were analyzed using Graph 

Pad Prism version 5. The categorical data were represented as n (%) and numerical data in 

mean with SD. P value was calculated using two tailed ‘t’ test. P <0.05 was considered 

statistically significant. 

RESULTS 

 

 

Table 1; Baseline characteristics stratified by uric acid  level 

 Total (n) Normal Uric acid < 

7.0 mg/dL (n = 2003) 

Hyperuricemia > 7.0 

mg/dL (n = 2547) 

P 

value 

Age, mean(yrs)  53  64 0.02 

Male sex 2970 

(65.3%) 

1298 1672 (56.3%)  

Female sex 1580 

(34.7%) 

705 875 (55.4%)  

Diabetes mellitus 2478 

(54.4%) 

812 1666 0.01 

Hypertension 2079 

(45.7%) 

978 1101 0.46 

Smoking 2013 

(44.2%) 

657 1356 0.02 

Dyslipidemia 3755 

(82.5%) 

1689 2066 0.01 

Obesity (BMI > 28 

kg/m2) 

987 

(21.7%) 

419 568 0.01 

 

Out of 4550 patients, 2970 were male. Hyperuricemia was seen in 56.3% of males and 55.4% 

of females in our study. 2003 patients had normal uric acid level whereas hyperuricemia was 

seen in 2547 patients. Baseline characteristics like older age, prevalence of diabetes, 

dyslipidemia, obesity and smoking were higher in patients with hyperuricemia. Prevalence of 

hypertension was not significantly different among the two groups. 

 

Table 2: In-hospital course stratified by uric acid level 
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Uncomplicated course was numerically higher in patients with normal uric acid level which 

was not statistically significant. But when we looked into complications individually, heart 

failure, cardiogenic shock, arrhythmias, acute kidney injury and in-hospital mortality were 

more frequently seen in patients with hyperuricemia. The occurrence of reinfarction was not 

significantly different among the two groups. 

 

 

Table 3: Coronary Angiographic findings stratified by uric acid level 

217 normouricemic and 693 hyperuricemic patients did not undergo coronary 

angiography for various reasons. i. Acute kidney injury ii. Heart failure iii. Death before 

proceeding to coronary angiography iv. Patient/ relatives did not consent for procedure 

 

 Normal uric acid  

(n = 1786) 

Hyperuricemia  

(n = 1854) 

P value 

Non-Obstructive CAD 634 (35.5%) 311 (16.7%) 0.02 

Single Vessel disease 513 (28.7%) 473 (25.5%) 0.09 

Double vessel disease 371 (20.7%) 564 (30.4%) 0.04 

Left Main and triple Vessel disease 268 (15%) 506 (27.3%) 0.02 

 

Patients with hyperuricemia had significantly higher number of patients with double and Left 

main &/or triple vessel disease on coronary angiography. On the other hand, non-obstructive 

CAD was higher in normouricemic patients. Occurrence of single vessel disease was not 

significantly different among the two groups. 

 

 

 

 

Table 4: Diabetes with Hyperuricemia patients – Coronary angiography findings 

 Normal uric acid (n = 

2003) 

Hyperuricemia (n = 

2547) 

P value 

Uncomplicated course 1828 (91.2%) 1663 (65.3%) 0.09 

Reinfarction 3 (0.1%) 11 (0.4%) 0.63 

Heart failure 151 (7.5%) 573 (22.5%) 0.01 

Arrhythmias 

i. Fatal 

ii. Non fatal 

57 (2.8%) 

12 (0.6%) 

45 (2.2%) 

313 (12.3%) 

34 (1.3%) 

279 (10.9%) 

0.02 

Cardiogenic Shock 76 (3.8%) 356 (13.9%) 0.01 

Acute Kidney injury 115 (5.7%) 427 (16.7%) 0.01 

In hospital mortality 84 (4.2%) 189 (7.4%) 0.03 
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We also studied effect of diabetes on coronary angiographic findings in patients with 

hyperuricemia 

 Diabetes  

(n = 1234) 

No Diabetes  

(n = 620) 

P value 

Non Obstructive CAD 55 (4.5%) 256 (41.3%) 0.005 

Single Vessel disease 350 (28.3%) 123 (19.8%) 0.04 

Double vessel disease 425 (34.4%) 139 (22.4%) 0.04 

Left Main and Triple Vessel disease 404 (32.7%) 102 (16.4%) 0.02 

 

Patients with both diabetes and hyperuricemia had higher prevalence of single, double and 

triple vessel disease than hyperuricemic patients without diabetes. Patients without diabetes 

had significantly higher prevalence of non obstructive CAD. 

Also, the diabetics had higher number of triple vessel disease which was diffuse in nature and 

was not suitable for revascularization than patients with hyperuricemia but no diabetes.  

Patients who had neither diabetes nor hyperuricemia tend to have less severe disease. 

 

Table 5: 30 day follow-up data stratified by uric acid level 

273 patients died in hospital during the index admission. Out of 4277 discharged patients, 26 

patients could not be followed up at 1 month.  

 Normal uric acid (n = 

1913) 

Hyperuricemia (n = 

2338) 

P value 

Reinfarction 13 (0.7%) 56 (2.4%)  0.02 

HF hospitalization 43 (2.2%) 219 (9.3%) 0.33 

CV Death 23 (1.2%) 54 (2.3%) 0.01 

Total MACE 79 (4.1%) 329 (14%) 0.01 

 

Out of the 4251 patients who were followed upto 30 days, the 30 day MACE rate was 

significantly higher in patients with baseline hyperuricemia which was driven by 

cardiovascular death and reinfarction. Heart failure hospitalization was numerically higher in 

hyperuricemic patients but was not found to be statistically significant. 

 

Discussion 

Uric acid, a final product of purine metabolism, is influenced by dietary factors (meat, sea food, 

alcohol, fructose), renal function, high cell turnover (cancer), medications. The normal uric 

acid values are higher in males and increases with age. Uric acid has paradoxical effects, based 

on its intracellular (antioxidant) or extracellular (prooxidant) localization22. 

 

Hyperuricemia is associated with many variables that are risk factors for coronary artery 

disease including hypertension23,24,25, obesity23,26-29, dyslipidemia23,30 and insulin 

resistance31,32. Even if uric acid perse may not represent a direct risk factor for cardiovascular 

disease, it may be considered as a predictive marker for cardiovascular events that can worsen 

other established risk factors. Uric acid is a known risk factor for the development of 

hypertension, probably by activation of renin angiotensin system leading to renal 

vasoconstriction33,34. 

 

Uric acid might be involved in the development of diabetes mellitus and metabolic syndrome, 

a result of alterations in the hepatic and adipose tissue metabolism35-37. 

Elevated plasma insulin concentrations secondary to insulin resistance may enhance renal 

sodium retention and reduce urinary uric acid clearance, thereby contributing to hyperuricemia 
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and hypertension38. Renal dysfunction causes hyperuricemia via decreased excretion of uric 

acid. Moreover, an elevation of uric acid level itself may lead to renal dysfunction by damaging 

proximal renal tubular cells39-44. Many studies and meta-analyses have shown the relationship 

between hyperuricemia and cardiovascular diseases13 and also a risk factor for the presence of 

coronary artery disease45. 

 

Several possible mechanisms have been suggested for explaining hyperuricemia leading to 

cardiovascular involvement in the form of diastolic dysfunction, arrhythmias, myocardial 

infarction and heart failure. One mechanism is the formation of oxygen free radicals, platelet 

adhesion and aggregation, which are responsible for the formation of thrombi46,47. Another 

mechanism is direct infiltration of vascular endothelial cells by uric acid, leading to endothelial 

dysfunction, alteration in nitric oxide production, lipid peroxidation and smooth muscle cell 

proliferation resulting in atherosclerosis, plaque formation and stenosis12,13, 48-51. 

 

In our study, occurrence of hyperuricemia did not differ by gender. This is in contrast to some 

of the previous studies52,53,54. Concurrent with previous studies, we found that hyperuricemia 

was seen more in patients with diabetes, dyslipidemia55, obesity56 and smokers5-8. We, in our 

study, observed that prevalence of hypertension did not differ among two groups, in contrast 

to previous studies8,24.  

 

In-hospital course was more complicated in patients with hyperuricemia in our study. This is 

consisent with various studies47,49. HF occurred in 22.5% of patients with hyperuricemia, which 

was statistically much higher than HF in normouricemic patients(7.5%). Incidence of 

arrhythmias was significantly higher in patients with hyperuricemia driven mainly non fatal 

arrhythmias. This is again consistent with the fact that hyperuricemia has been noted to be 

associated with atrial fibrillation57. We also noted significantly higher incidence of cardiogenic 

shock and acute kidney injury in hyperuricemic patients. In-hospital mortality was seen in 7.4% 

in hyperuricemia group, which was significantly higher than that seen in the normouricemic 

group consistent with previous studies58,59,60. The in-hospital course of acute MI that we 

studied, consisted of parameters that are interrelated.  

 

In our study, we also studied effect of hyperuricemia on coronary artery disease. We compared 

the occurrence of non-obstructive CAD, single vessel disease, double vessel disease and 

LMCA &/or triple vessel disease among the groups. More severe disease – double vessel and 

triple vessel disease were significantly higher in hyperuricemic patients again underlining the 

role of uric acid in endothelial dysfunction and atherosclerosis. This is consistent with a few 

previous studies58,61 although there is a study which did not show positive relationship between 

hyperuricemia and severity of CAD62. 

 

We also noted that triple vessel disease which was diffuse in nature and not suitable for any 

revascularization was significantly higher in hyperuricemia patients with diabetes than 

hyperuricemic patients without diabetes which suggests that uric acid may play an additive role 

as risk factor for coronary artery disease and its severity. 

 

At 30 day follow up, in our study, we noted that the MACE rate was higher in patients with 

baseline hyperuricemia mainly driven by CV death and reinfarctions. This is concurrent with 

previous study63. 

 

LIMITATIONS 
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Cut-off of uric acid level of 7.0 mg/dl was used. Some studies have used 6.8 mg/dl as cut off. 

We did not use gender based uric acid cut-offs. 

Hence we may have missed hyperuricemia in a few more patients, especially female patients. 

Also, hyperuricemia group in our study had higher uric acid levels than if the cut-off was 6.8 

mg/dl. This may have skewed the result toward more adverse cardiovascular events and 

complications in the hyperuricemia group. 

Follow up uric acid level was not measured. It is difficult to attribute the 30 day follow up 

events to baseline uric acid level alone without follow up measurements. 

Confounding variables like diabetes, hypertension, obesity and smoking were not statistically 

adjusted in our study to understand the independent effect of hyperuricemia.  

In our study, stratification was based on a cut-off value of serum uric acid and two groups were 

made to compare the observations. So, we did not study the effect of different uric acid levels 

(as continuous variable) on cardiovascular disease. 

 

Conclusions 

Hyperuricemia was observed to be significantly associated with worse in-hospital course after 

acute coronary syndrome. The group had higher rates of heart failure, arrhythmias, cardiogenic 

shock and in-hospital mortality. Hyperuricemia was significantly associated with more severe 

coronary artery disease. Hyperuricemia together with diabetes had significantly higher rates of 

diffuse triple vessel disease not amenable to any revascularization.  30 day MACE rate after an  

ACS was significantly higher among hyperuricemic patients driven mainly by reinfarction and 

CV death.  

Hence, uric acid is a very important risk factor for cardiovascular disease manifestations and 

also cardiovascular death. It needs further well controlled randomized trials to  be accepted as 

an independent risk factor and a therapeutic target in management of cardiovascular disease. 
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