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Uric Acid-Lymphocyte Ratios and Myocardial Damage 
Parameters in ST Elevated Myocardial Infarction

ST Yükselmeli Miyokard İnfarktüsünde Ürik Asit-Lenfosit Oranları ve 
Miyokard Hasarı Parametreleri

Aim: Major negative cardiovascular outcomes and uric acid (UA), 
neutrophil: lymphocyte ratio (NLR) and lymphocyte levels have 
been demonstrated in up-to-date studies. In this study, it was aimed 
to investigate ULAR in patients with STEMI and unstable angina 
pectoris (UAP) who underwent primary percutaneous coronary 
intervention. For this purpose, we evaluated relationships between 
UALR and markers of myocardial injury (troponin I, creatine kinase-
MB) inflammatory markers (high-sensitivity C-reactive protein [hs-
CRP]) and blood count parameters), serum lipids and myocardial 
contractility.
Material and Method: In this study, 346 patients were enrolled 
including 176 patients with STEMI and 170 patients with UAP. 
Mann Whitney U test and t-test were used to identify significant 
differences among parameters while ROC analyses were performed 
for parameters with significant difference including UA, NLR and 
ULAR. 
Results: The UA level, NLR and ULAR were significantly higher in 
patients with STEMI when compared to those with UAP (p<0.001; 
p=0.014 and p<0.001, respectively). Optimal cut-off point was 
determined as 6.05 mg/dL for UA (AUC: 0.561; specificity: 50%, 
sensitivity: 72%), 0.179 for ULAR (AUC: 0.980; specificity: 96%, 
sensitivity: 92%) and 2.3 for NLR (AUC: 0.913; specificity: 82%, 
sensitivity: 88%). 
Conclusion: The ULAR was significantly correlated with NLR, hsCRP, 
LVEF1 and hs-troponin I. We recommend ULAR, which was found to 
be more specific and sensitive than NLO, UA and hs-CRP in STEMI 
patients at presentation, as an inexpensive and readily available 
laboratory parameter which can be used as independent predictor 
for impairment in myocardial contractility

Keywords: Uric acid, lymphocyte, neutrophil-to-lymphocyte ratio, 
myocardial infarction, coronary angiography

ÖzAbstract

 Nahide Ekici GÜNAY 1,  Ahmet Oğuz BAKTIR2,  Işıl ÇAKIR3,  Sabahattin MUHTAROĞLU4, 
 Mustafa NİSARİ5

Amaç: Majör kardiyovasküler kötü sonuçlar ile ürik asit (UA), nötrofil/
lenfosit oranı (NLO), lenfosit düzeyleri arasındaki ilişki güncel çalışmalar 
ile gösterilmiştir. Bu çalışmada, primer perkütan koroner girişim 
(PCI) yapılan STEMI ve anstabil angina pektoris (UAP) hastalarında 
UALO düzeylerini incelemek amaçlandı. Bu bağlamda, UALO 'nun 
miyokardiyal hasarlanma belirteçleri (troponin I, kreatin kinaz-MB), 
inflamatuar belirteçler (yüksek duyarlıklı C-reaktif protein(hsCRP) ve 
kan sayımı değişkenleri), serum lipidleri ve miyokardi yal kontraktilite 
ile ilişkileri incelendi.
Gereç ve Yöntem: Çalışmaya 176 STEMI ve 170 UAP olmak üzere 
toplam 346 hasta dâhil edildi. Parametreler arası anlamlı farkları 
görmek için T testi veya Mann-Witney U testi kullanıldı. STEMI ve UAP 
hastaları arasında anlamlı olarak farklı bulunan UA, NLO ve UALO için 
ROC analizleri yapıldı.
Bulgular: UA, NLR ve UALO düzeyleri STEMI’de ve UAP hastalarına 
göre anlamlı olarak farklı ve yüksek idi (sırasıyla p<0,001, p=0,014 ve 
p<0,001). Optimum kesme noktaları UA için 6.05 mg/dL (AUC 0,561, 
özgüllük %50, duyarlılık %72; UALO için 0,179 (AUC 0,980, özgüllük %96, 
duyarlılık %92); NLR için 2.3 (AUC 0,913, özgüllük%82, duyarlılık,%88 
olarak bulundu.
Sonuç: STEMI hastalarında UALO ile NLO, hsCRP, LVEF1 ve hs-
troponin I arasında anlamlı bir ilişki bulunmaktadır. STEMI hastalarının 
başvuru anında NLO, UA ve hsCRP’den daha dözgül ve duyarlı 
olarak bulduğumuz UALO düzeylerinin incelenmesini, miyokardın 
kasılma performansındaki bozulmanın bağımsız bir öngördürücüsü 
olarak kullanılabilecek, ucuz ve kolay erişilebilir bir rutin laboratuvar 
parametresi olarak öneriyoruz.

Anahtar Kelimeler: Ürik asit, lenfosit, nötrofil/lenfosit oranı, miyokard 
enfarktüsü, koroner anjiyografi
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INTRODUCTİON
In cardiovascular disease (CVD), first manifestations are 
mostly sudden cardiac death and myocardial infarction.
[1] The major cause of CVD is atherosclerosis which is an 
inflammatory process.[2] The uric acid (UA) and neutrophil/ 
lymphocyte ratio (NLR) are inflammatory biomarkers in CVD.
[3] For CVD, UA levels has been established as a risk factor.[4,5] 
In epidemiological studies, it was shown that the increased 
serum UA is correlated to undesired outcomes.[6,7] 

Cardiac myocytes secreted adenosine that causes the 
vasodilatation of arteries. The adenosine levels are increased 
under ischemia and hypoxia condition. The adenosine is 
rapidly degraded into UA by endothelium, resulting in elevated 
UA concentration and UA efflux to vascular lumen.[8] Serum UA 
mediates inflammatory response and leukocyte activation has 
adverse effect on the endothelium. It was shown that there is 
an association between higher levels of inflammatory markers 
and elevated UA concentrations.[9] Uric acid levels negatively 
influences the prognosis in patients undergoing primery PCI 
with STEMI and correlates with post-intervention coronary 
blood flow.[10] High-sensitivity C-reactive protein (CRP) has 
been suggested as a robust predictor of cardiac events 
patients with coronary artery disease (CAD), regardless history 
of coronary artery disease.[11] 

Elevated CRP and lymphocytopenia are early markers of 
myocardial infarction.[12,13] A relative lymphocytopenia was 
shown to be more sensitive than ST segment elevation on ECG 
in myocardial infarction.[14] 

Lymphocytopenia has been related with adverse outcomes 
and atherosclerosis progression in cardiovascular diseases. The 
decreased lymphocytes counts were found to be associated 
with an elevated risk for MI or death.[15] 

In our current work, we aimed to study whether there is an 
alteration in UALR levels in patients with STEMI who underwent 
primary PCI and UAP. In addition, we also investigated the 
relationship between UALR and markers of myocardial 
injury (troponin I, creatine kinase MB), inflammatory markers 
(C-reactive protein, and blood count parameters), lipid profile 
and myocardial contractility. To the best of our knowledge, 
there is no study investigating UALR levels in STEMI in the 
literature.. In this context, we investigated the relationship 
between these parameters and UALR, patients with STEMI 
before primary PCI.

MATERIAL AND METHOD
This study was conducted by Clinical Biochemistry, Emergency 
Medicine and Cardiology (Internal medicine) Clinics of Kayseri 
Training and Research Hospital after the approval by local 
instutional rewiev board. This retrospective study included 
346 STEMI and UAP patients who underwent emergent cardiac 
catheterization.The STEMI was diagnosed by cardiologists an 
elevation at the J point in at least 2 contiguous leads ≥1,52 
mm in leads V2–V3 and/or of ≥1 mm in other contiguous limb 
or chest leads with simultaneously positive cardiac necrosis 
markers.[16] 

Exclusion criteria included presence of valvular disease, 
cancer, severe liver disease, immunopathological diseases, 
hypothyroidism, other infectious and also inflammatory 
disorders, polisitemia, hematological disorders and 
hemorrhagic diathesis. In addition, patients with progressive 
renal disorders (creatinine>1,8 mg/dL), gout, alcoholism, those 
on anti-hyperuricemic drugs, those with history of myocardial 
infarction were also excluded. After applying exclusion criteria, 
study group consisted of 176 patients with STEMI. The control 
group consisted of UAP patients with available medical history 
and physical examination findings, resting ECG and chest 
radiograph. Clinical symptoms at admission and coronary risk 
factors of patients were also recorded in same manner

Patients who initially admitted intensive coronary care unit 
(ICCU) or those admitted to the emergency department or 
before primary PCI were included to the study. Complete blood 
count analysis was performed using the Mindray BC-6800 
automated analyzer in accordance with the manufacturer's 
recommendations (Mindray Bio-Medical Electronics Nanshan 
Shenzhen, China).[17] 

Baseline UALR was measured via dividing the serum uric acid 
concantration by the lymphocyte percentage. The serum CRP 
concentration was analysed in an immunoturbidimetric assay 
analyzer (Dade Behring/Siemens BN II, Germany) using the 
CardioPhase hsCRP reagent. Total cholesterol, triglycerides, 
low density lipoprotein (LDL), high density lipoprotein (HDL), 
UA, glucose, and creatinine levels were analysed by the 
Olympus AU2700 analyzer (Beckman Coulter, Tokyo, Japan). 
Troponin I levels were assessed using Access 2 Immunoassay 
System (Beckman Coulter, USA). Left ventricular ejection 
fraction (LVEF1) was assessed after ICCU admission using a 
two dimensional transthoracic echocardiography by a Philips 
IE33 XMatrix Ultrasound Machines.
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All statistical analyses were performed using SPSS software 

program (version 24.0, SPSS, Chicago, Illinois, USA). Continuous 

data were presented as arithmetic mean ± standard deviation, 

median/interquartile range and qualitative variables were 

showed as a percentage (%). A Kolmogorov-Smirnow test was 

used for homogeneity analysis. The continuous variables with 

normal distribution were compared between STEMI and control 

groups by Student t test or Mann-Withney U test. relationships 

among UALR, NLR and lipids profiles were evaluated with 

Spearman’s correlation coefficients for all analyses. A two-

tailed p value <5% was considered as statistically significant 

for all tests. A receiver operator characteristic curve analysis 

was made and the optimal cut-off values for the sensitivity and 

specificity of UALR, NLR and uric acid in predicting STEMI were 

calculated by using Youden’s index.

RESULTS
Overall, data from 346 patients were analyzed in the current 

study. After applying exclusion criteria, we enrolled 176 

patient with definite diagnosed of STEMI (mean age 65.8±15.3; 

m=93-f=83 ) and 170 patients with UAP as controls (mean age 

62±18.2; m=51; f=37)(P<0.864).

The baselin UA concantration was 6.7±2.8 mg/dL (distribution 

range:2.3-16.7) in STEMI group. Also the baselin UALR level of 

STEMI groups was 0.680±0.967 (range:0.117-2.63) in STEMI 

group (Table 1) presents baseline patient characteristics and 

laboratory findings in groups.

The STEMI group had significantly higher WBC, neutrophil, 

uric acid, NLR and UALR levels when compared to UAP 

group (P<0.001). We measured the mean LVEF as 38.5±10.5 

in UAP group and 33.5±9.2 in STEMI group. We found higher 

UALR was ın STEMI patients (P<0.001). The STEMI group had 

significantly higher WBC, neutrophil, uric acid, NLR and UALR 

levels when compared to UAP group (P<0.001). We measured 

the mean LVEF as 38.5±10.5 in UAP group and 33.5±9.2 in 

STEMI group. We found higher UALR was in STEMI patients 

(P<0.001). Spearmen’s correlation analysis revealed significant 

association among UALR and NLR, total cholesterol, albumin, 

hsCRP, LVEF1(P<0.01) (Table 2).

When compared to UAP patients, a significant increase was 

Laboratory findings were compared between STEMI and 

UAP groups. The STEMI group had significantly greated UALR 

values than UAP group (P<0.001) (Figure 1).

Table 1. A comparision of demographic and laboratory values of STEMI and 
UAP patients

Variables
STEMI  (n=176)  

(mean±SD) or Q2  
(25-75)*

UAP  (n=170)  
(mean±SD) or Q2  

(25-75)*
p

Age (years) 65.8±15.3/ 65 
(56-77)

62±18.2/ 63 
(53-76) 0.920

Male number (m) 
Female number (f )

m=93
f=83

m=91
f=79 0.864

Total cholesterol 
(mg/dL)

181.84±61.73/181 
(143-218)

165.89±68.25/165 
(148-231) 0.286

HDL  (mg/dL) 45.48±13.08/45 
(37-58)

46.25±15.22/46 
(34-61) 0.850

LDL  (mg/dL) 119.44±44.39/119 
(81-146)

120.56±46.23/120 
(79-156) 0.623

Triglycerides  
(mg/dL) 145.13±90.4 142.23±72.23 0.215

Glucose  
(mg/dL)

170.6±141.0/170 
(69-254)

166.5±98/167 
(80-296) 0.820

Creatinine  
(mg/dL) 1.3±0.35 0.95±0.40 0.450

MPV  (fL) 10.86±1.8 11.2±1.9 0.750

WBC 
(103/mm3)

12.10±8.08/12 
(8.3-13.3)

8.5±4.2/9 
(7.6-12.5) 0.035

Hemoglobin  
(g/dL)

13.45±3.95/13.5 
(11.7-14.7)

14.62±1.6/13.8 
(12.4-14.9) 0.850

RDW-SD  
(fL)

44.9±6.7/48.1 
(41.2-61.3)

43.2±8.5/46.3
 (40.8-62.4) 0.452

Uric acid  
(mg/dL)

6.7±2.8/8.9  
(2.3-16.7)

5.3±2.4/ 4.6  
(1.9-11.7) <0.001

Neutrophil  
(%)

74.5±11.8/ 
(72.1-85.6)

58.2±12.25/ 
(53.2-73.2) <0.001

NLR 10.01±24.98 
(3.2-8.1)

5.4±2.85 
(1.5-2.8) 0.014

UALR 0.680 ±0.967/0.910 
(0.25-1.64)

0.116±0.032/0.121 
(0.100.13) <0.001

CK-MB
(U/L)

64.4±60.12/102.3 
(21.7581.5)

0.11±0.22/0.37 
(0.06-1.85) 0.004

Troponin I 
(ng/mL)

10.48± 18.72/10 
(0.5-11.1)

1.01±3.2/1 
(0.06-3.3) <0.05

Student t-test. * Mann-Witney U test was used if asymptomatic significance  (2-tailed) p<0.005 for 
Kolmogorov-Smirnov test. Q2-median; 25-75first quarter percent-last quarter percent; HDL-High 
density lipoprotein; LDL-Low density lipoprotein; MPV-Mean platelet volume; WBC-White blood 
cell; RDW-SD-Standard deviation of red cell distribution width; NLR-neutrophil-to-lymphocyte ratio; 
UALRuric acid-to-lymphocyte ratio; CK-MBcreatine kinase myocardial band
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However, in this context, the contribution of our study was 
optimization of risk prediction by use of the UALR. Also, our 
study showed that predictive ability of UALR is greater than it 
serum UA concentration alone. Thus, we found that elevated 
UALR was an ancillary predictor of STEMI risk in retrospectivly 
cohort of patients undergoing primary PCI. In addition, it was 
shown that UALR was dramatically more sensitive and specific 
than biomarkers such as UA and NLR shown to have diagnostic 
effectiveness in this patient group.

Decreased renal perfusion due to acute hemodynamic 
instability may be associated with loss of myocardial function.
[21] 

Thus, elevated UA levels may cause an ischemia/reperfusion 
injury, increasing the ischemic insult to heart[22] We suggested 
that the elevated UALR may be due to be an inflammatory 
state in STEMI. Therefore UALR may be used to add early 
measurements of serum UALR to other established clinical 
risk factors.

Plasma lymphocyte levels may vary according to the analyzer 
measurement method, age and sex.[23] Similarly, it has been 
shown that serum UA levels vary according to the nutritional 
habits and race gender interactions of societies.[24] Serum UA 
measurements are significantly higher in men and it has been 
shown that high UA measurements are accompanied with 
severe CAD only in women.[25] In addition, as compared to 
male STEMI, these biomarkers may have clinical subsumptions; 
thus, a study with particular interest on for male and female 
patients might be helpful. For this reason, in the future, adverse 
cardiovascular events may require confirmation with sex and 
age-specific cut-off points for UALR In this context, in future, 

Figure 2. Receiver operating characteristic analysis of UALR, NLR and uric 
acid that predict in STEMI-revised.Optimal cut-off points were 0.179 for UALR 
(AUC 0.980, specifity 96% and sensitivity 92%, 95% confidence interval (CI) 
0.964-1.118); 2.3 for NLR (AUC 0.913,  specifity 82% and sensitivity 88%, 95% CI 
0.863-0.963); and 6.05 mg/ dL for UA (AUC 0.561, specifity 50% and sensitivity 
72%, 95% CI 0.464-0.658).

DISCUSSION
This study demonstrated that there were significant 
correlations between UALR and NLR, hsCRP, LVEF1, and 
troponin I in STEMI patients. The UALR and NLR values 
at admission were independent predictors of impaired 
myocardial contractility.

Recent studies have demonstrated that in patients with 
chronic CAD patients and acute myocardial infarctions, have 
low lymphocyte count and high UA concentrations, predicting 
worse prognosis.[18,15] It has been reported that UA and NLR 
have predictive values in cardiovascular diseases.[19,20] 

A ROC analysis was performed to determine area under curve 
UALR, NLR and uric acid (Figure 2).

 

Figure 1. Box plot comparision serum uric acid-to-lymphocyte ratio between 
STEMI and UAP groups

Table 2. Spearman’s correlation of the uric acid-to-lymphocyte ratio with 
other parameters in STEMI (n=176)

Variables r p

cTnI (ng/mL) 0.096 <0.005

Neutrophil (%) -0.041 0.725

C-reactive protein (mg/L) 0.37 <0.001

LDL(mg/dL) 0.203 0.080

Total cholesterol (mg/dL) 0,31 0.006

Triglycerides (mg/dL) -0.100 0.094

HDL (mg/dL) -0.014 0.903

Albumin (mg/dL) -0.378** <0.001

NLR 0.283* 0.014

LVEF1(%) -0.252 <0.001

r-The correlation coefficient; cTnIcardiac troponin I; hsCRPhigh sensitivity C-reactive protein; 
LDLlow-density lipoprotein; HDL-high-density lipoprotein; NLRneutrophil-to-lymphocyte ratio; 
LVEF1-left ventricular ejection fraction
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it may be considered dose, age and sex dependent effects of 
specific uric acid lowering therapies on STEMI prevention.

Our study has some limitations. First, this was a single center, 
retrospective and observational, non-randomized work and 
enrolled a relatively small number of patients. In addition, the 
IRA patency was used only in the selection of the diagnosed 
patients. On the other hand, UAP group had previously 
elective PCI patients (n=21). Finally and more importantly, the 
correlation of UALR with ECG (which is accepted as a diagnostic 
standard for myocardial infarction) myocardial contractility, 
classical biochemical or inflammatory markers were studied 
while we did not study correlations between UALR affected 
major coronary arteries, stenosis levels, coronary artery 
disease severity scores. The data were anonymously collected 
due to due to the retrospective nature of the study.

Although this study had these limitations, this is the first study 
to evaluate the predictive value of UA, UALR, and NLR surgoing 
STEMI patients. The large scale randomized and controlled 
studies must be conducted to address the association of UALR 
with more cardiac scors and inflamatory markers among 
STEMI patients.

RESULTS
The results of our study suggest that the UALR which is cheaply 
and easily measured, may be used an ancillary biomarker 
for in risk-stratifying in STEMI patients. STEMI patients with 
high, hsCRP, UALR and, NLR levels should be monitored more 
closely in order to recognize early adverse outcomes. These 
values may also help clinicians in following their patients and 
they can also help in decision-making process for treatment 
modalities in order to determine how these biomarkers may 
influence treatments required.
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