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patients with acute myocarditis.

presence of refractory chest pain, hypotension, detection of pericardial effusion with subsequent 
increase, a decrease in ejection fraction (EF), and lack of response to medical and symptomatic 

and management in clinical practice.

 Myocarditis, pericardial effusion, uric acid/albumin ratio
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prognosis(1, 2). It often presents with a wide 
range of clinical symptoms, from mild chest 

sudden cardiac death (3). The diagnosis of 

of clinical assessment, imaging techniques 
such as echocardiography and cardiac 

methods underscore the need for reliable, 

early detection and management of this 
condition.

The management of myocarditis largely 

which can range from self-limiting to life-

support or heart transplantation(7, 8). 
Identifying factors determining disease 

to assess myocardial injury and stress, 
yet there remains a need for additional 

acid, a product of purine metabolism, is 

myocardial damage(12). Albumin, a major 
plasma protein, plays a critical role in 
maintaining oncotic pressure and has anti-

The uric acid/albumin ratio (UAR) has 
recently emerged as a potential marker 

both of which are key components in the 

of UAR as a biomarker for determining 

myocarditis. We hypothesize that a higher 

disease manifestations and poorer clinical 
outcomes. By exploring this relationship, 

patient management and prognostication.

and

study was conducted under the principles 
of the Declaration of Helsinki.

Study Design

with acute myocarditis. The study included 
patients diagnosed with acute myocarditis 
between January 2015 and December 2022 
at our institution. A total of 260 patients, 
including 154 males and 106 females, were 
enrolled. The diagnosis of acute myocarditis 
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was based on the combination of the 
following:

-Clinical presentation (e.g., chest pain, 
shortness of breath, palpitations),

I or T),

-Electrocardiographic changes (e.g., ST-T 
segment abnormalities, arrhythmias), and

wall motion abnormalities, pericardial 
effusion, or reduced ejection fraction) in 

disease.

To exclude ischemic heart disease, all 
patients underwent either coronary 
angiography or coronary computed 
tomography angiography (CCTA). Patients 

disease were excluded.

as patients presenting with refractory chest 

effusion, marked reduction in ejection 
fraction, and poor response to standard 
medical and symptomatic treatment.

Patients aged 18 years or older with a 

were included. Exclusion criteria were as 
follows: the presence of chronic kidney 

therapy or albumin supplementation 
before the diagnosis. These criteria were 

confounding factors in the interpretation of 

Statistical Analysis

Statistical analyses in this study were 
conducted using the Statistical Package for 

statistics for the numerical and categorical 

expressed as median (IQR) [minimum-

Relationships between the two groups were 
examined using the Mann-Whitney U test or 
independent t-test. Correlations between 

using Pearson or Spearman correlation 
analyses. Throughout the study, a type I 
error rate of 5% (  = 0.05) was used, and a 

Table 1 summarizes the general distribution 

myocarditis patients. The median age was 
43.5 years, with a range from 18 to 74 years. 

median UAR was 0.102, ranging from 0.081 
to 0.191. The median length of stay in the 
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 Summary of the general distribution of quantitative parameters and gender differences in myocarditis patients

Age years 18 74 43.5 (18-74) 47 (18-74) 36 (18-65) 0.317

Hemoglobin g/dL 10,5 17.7 14.4 (10.5-17.7) 15.1 (12.2-17.7) 13.3 (10.5-16.8) <0.001

WBC 103/mL 8.01 23.82 10.04 (8.01-
23.82)

9.82 (8.08-
21.26) 11.23 (8.01-23.82) 0.001

Neutrophil 103/mL 3.62 19.93 7.32 (3.62-
19.93)

6.92 (3.62-
18.28) 8.43 (4.66-19.93) <0.001

Monocyte % 0.04 1.82 0.66 (0.04-
1.82) 0.66 (0.04-1.82) 0.67 (0.28-1.8) 0.423

Lymphocyte 103/mL 0.40 4.78 2.07 (0.4-4.78) 2.05 (0.4-4.78) 2.09 (0.89-3.77) 0.924

Platelet 103/mL 146 366 244.34±50.02 238.0±48.0 254.0±51.0 0.008

RDW % 11.2 17.7 13.45±1.06 13.5±1.0 13.3±1.2 0.115

Albumin g/L 32.0 50.6 42.8±3.05 43.5±2.5 41.8±3.4 <0.001

ASO IU/mL 111 387 205.87±69.29 207.0±67.0 204.0±73.0 0.790

EF % 30 65 60 (30-65) 60 (30-65) 60 (45-65) <0.001

Troponin ng/L 48 50000 456 (48-
50000) 579 (51-50000) 406 (48-38990) 0.220

CRP mg/L 10 348 32 (10-348) 28 (10-348) 34 (11-256) 0.029

D-dimer ng/mL 365 987 566 (365-987) 579 (367-987) 550 (365-790) 0.032

Ferritin ng/mL 19 165 73 (19-165) 67 (19-165) 78 (24-144) 0.022

Fibrinogen ng/dL 2.56 4.16 3.41 (2.56-4.16) 3.41 (2.56-4.16) 3.41 (2.66-4.01) 0.540

LDL mg/dL 53 198 134 (53-198) 134 (53-196) 134 (71-198) 0.664

HDL mg/dL 23 129 43 (23-129) 42 (23-65) 45 (26-129) <0.001

TRG mg/dL 72 307 126 (72-307) 123 (72-298) 128 (78-307) 0.011

Glucose mg/dL 77 167 97 (77-167) 95 (78-132) 100 (77-167) 0.207

Uric acid mg/dL 3.6 6.2 4.4 (3.6 – 6.2) 4.4 (3.6-6.2) 4.45 (3.6-6.1) 0.069

Uric acid/Al-
bumin ratio 0.081 0.191 0.102 (0.081-

0.191) 0.10 (0.08-0.16) 0.10 (0.08-0.19) 0.003

ICU time day 1 10 1 (1-10) 1 (1-10) 1 (1-7) 0.604

Hospitalization 
time day 1 14 3 (1-14) 3 (1-14) 3 (2-14) 0.372

†Parameters are expressed as IQR (Interquartile Range)[median. Min and max] or mean±SD.WBC: White blood cell, RDW: 
Red cell distribution width, ASO: Antistreptolysin O, EF: Ejection fraction, CRP: C-reactive protein, LDL: Low-density lipopro-
tein, HDL: High-density lipoprotein, TRG: Triglyceride;  ICU: Intensive care unit

925



Uric Acid/Albumin Ratio in Acute Myocarditis  -Eyiol et al.

the median length of stay in the hospital 
was three days (1-14).

Table 1 also compares parameters between 
male and female patients with myocarditis, 

p<0.001). Females had higher platelet 

ferritin were noted, with females exhibiting 

in male and female patients.

hospital stay durations, and correlations 

that patients with pericardial effusion had 

Table 3 shows that patients with longer 
hospital stays (>2 days) had higher median 

compared to those with shorter stays. 

Table 4 presents correlations between 

hematological and biochemical markers, 

outcomes in myocarditis patients. A 

between age and ASO, CRP, and ferritin 

correlation between age and both ejection 

ICU stay duration and total hospital length 

correlation between total hospital stay 

In this study, we examined the potential utility 
of UAR as a marker for determining disease 

chest pain, increased pericardial effusion, 
cardiac tamponade, hypotension, reduced 
ejection fraction, low cardiac output, 

patients with acute myocarditis indicate 

progressing disease course(14). The 

hospital admission as being associated 
with the highest risk of cardiac death(15-17). 
Similarly, another study of 220 patients 
from 16 tertiary care hospitals, all with 
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p

No (n=184) 0.100 (0.081-0.114)
<0.001

Yes (n=74) 0.137 (0.125-0.191)

No (n=139) 0.104 (0.082-0.191)
0.018

Yes (n=121) 0.102 (0.081-0.167)

No (n=139) 0.104 (0.082-0.191)
0.018

Yes (n=121) 0.102 (0.081-0.167)

No (n=251) 0.103 (0.081-0.191)
<0.001

Yes (n=9) 0.144 (0.137-0.191)

No (n=248) 0.103 (0.081-0.191)
<0.001

Yes (n=12) 0.142 (0.135-0.191)

No (n=255) 0.103 (0.081-0.191)
<0.001

Yes (n=5) 0.147 (0.137-0.191)

No (n=139) 0.103 (0.082-0.191)
0.051

Yes (n=121) 0.102 (0.081-0.167)

No (n=188) 0.102 (0.082-0.191)
0.323

Yes (n=72) 0.104 (0.081-0.167)

No (n=208) 0.103 (0.082-0.191)
0.571

Yes (n=52) 0.104 (0.081-0.167)

No (n=105) 0.104 (0.082-0.191)
0.062

Yes (n=155) 0.102 (0.081-0.172)

No (n=184) 0.103 (0.082-0.191)
0.723

Yes (n=76) 0.103 (0.081-0.167)

No (n=102) 0.104 (0.082-0.191)
0.041

Yes (n=158) 0.102 (0.081-0.167)

No (n=97) 0.103 (0.086-0.191)
0.425

Yes (n=163) 0.103 (0.081-0.16)

No (n=162) 0.103 (0.081-0.167)
0.124

Yes (n=98) 0.103 (0.086-0.191)

No (n=208) 0.103 (0.081-0.191)
0.294

Yes (n=52) 0.103 (0.087-0.16)

No (n=197) 0.103 (0.081-0.172)
0.168

Yes (n=63) 0.103 (0.082-0.191)

No (n=61) 0.103 (0.082-0.191)
0.139

Yes (n=199) 0.103 (0.081-0.172)

ACEi: Angiotensin converting enzyme inhibitor; ARB: Angiotensin reseptor blocker; IV: Intravenous; IVIG: 
Intravenous immunoglobulin; HT: Hypertension; HL: Hyperlipidemia; DM: Diabetes mellitus; CT: Computed 
tomography.
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Comparison of quantitative parameters with total hospital stay groups

p

years 47 (19-68) 39 (18-74) <0.001

g/dL 14.8 (10.5-17.7) 14.3 (10.5-17.7) 0.088

103/mL 9.66 (8.01-23.82) 11.4 (8.23-22.71) 0.005

103/mL 6.51 (3.62-19.93) 8.27 (3.67-18.47) 0.008

% 0.65 (0.04-1.37) 0.67 (0.2-1.82) 0.211

103/mL 2.22 (0.82-4.78) 2.05 (0.4-3.95) 0.336

103/mL 248±52 241±48 0.304

% 13.2±1.1 13.7±1 <0.001

g/L 43±3.1 42.6±3 0.202

IU/mL 194±67 217±70 0.009

EF % 60 (45-65) 60 (30-65) <0.001

ng/L 218 (48-18511) 3609 (51-50000) 0.013

mg/L 23 (10-203) 39 (10-348) <0.001

ng/mL 510 (365-722) 590 (367-987) 0.793

ng/mL 67 (19-165) 77 (22-165) <0.001

ng/dL 3.13 (2.56-3.87) 3.61 (2.88-4.16) 0.252

mg/dL 132 (53-191) 134 (71-198) <0.001

mg/dL 43 (27-129) 43 (23-57) <0.001

TRG ng/dL 118 (72-290) 128 (77-307) 0.720

mg/dL 93 (78-167) 100 (77-145) 0.041

mg/dL 4.3 (3.6-6.1) 4.7 (3.6-6.2) 0.163

0.101 (0.081-0.191) 0.105 (0.086-0.191) 0.249

†Parameters are expressed as IQR (Interquartile Range)[median, min and max] or mean±SD. WBC:White 
blood cell; RDW: Red cell distribution width; ASO: Antistreptolysin O; EF: Ejection fraction; CRP: C-reactive 
Protein; LDL: Low density lipoprotein; HDL: High density lipoprotein; TRG: Triglyceride; ICU: Intensive care unit
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 Examining the correlations of quantitative parameters with age, ICU stay, total hospital stay, Uric 
Acid/Albumin ratio

- -0.179 -0.136 -0.085P - 0.004 0.028 0.171

-0.179 - 0.444 0.337P 0.004 - <0.001 <0.001

-0.136 0.444 - 0.335P 0.028 <0.001 - <0.001

-0.085 0.337 0.335 -P 0.171 <0.001 <0.001 -

0.025 -0.132 -0.151 -0.354P 0.692 0.033 0.015 <0.001

-0.316 0.271 0.381 0.534P <0.001 <0.001 <0.001 <0.001

-0.265 0.271 0.371 0.530P <0.001 <0.001 <0.001 <0.001

-0.305 0.199 0.184 0.155P <0.001 0.001 0.003 0.012

-0.025 -0.075 -0.064 0.026P 0.693 0.225 0.302 0.676

0.095 -0.073 -0.058 0.137P 0.127 0.239 0.351 0.027

0.228 0.235 0.285 0.419P <0.001 <0.001 <0.001 <0.001

0.073 -0.223 -0.163 -P 0.24 <0.001 0.008 -

-0.734 0.117 0.15 0.074P <0.001 0.06 0.016 0.232

EF
-0.449 -0.074 -0.247 -0.03P <0.001 0.233 <0.001 0.629

-0.365 0.241 0.652 0.113P <0.001 <0.001 <0.001 0.069

-0.612 0.321 0.414 0.304P <0.001 <0.001 <0.001 <0.001

-0.152 0.326 0.587 0.270P 0.014 <0.001 <0.001 <0.001

-0.602 0.288 0.172 0.317P <0.001 <0.001 0.005 <0.001

-0.058 0.33 0.61 0.214P 0.349 <0.001 <0.001 <0.001

0.353 0.18 0.235 0.313P <0.001 0.004 <0.001 <0.001

-0.456 -0.058 -0.044 -0.005P <0.001 0.35 0.476 0.939

TRG
-0.008 0.308 0.374 0.620P 0.899 <0.001 <0.001 <0.001

0.217 0.231 0.257 0.498P <0.001 <0.001 <0.001 <0.001

-0.086 0.333 0.345 -P 0.169 <0.001 <0.001 -

ICU: Intensive care unit; UAR: Uric acid/albumin ratio; WBC:White blood cell; RDW: Red cell distribution width; 
ASO: Antistreptolysin O; EF: Ejection fraction; CRP: C Reactive protein; LDL: Low density lipoprotein; HDL: High 
density lipoprotein; TRG: Triglyceride
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hemodynamic impairment at presentation 
was the primary determinant of both 
short- and long-term prognosis(18-20). In 
fulminant myocarditis, symptoms typically 
emerge rapidly within two days to two 

dysfunction and circulatory failure, often 
resulting in a sharp drop in blood pressure 

refractory chest pain, hypotension, 
detection of pericardial effusion with 
subsequent increase, decreased ejection 
fraction, and lack of response to medical 

patient group. In addition to standard and 
symptomatic treatment, we administered 

when necessary in this group. Throughout 
our follow-up, there was no need for 

correlations with extended ICU stays, 
increased need for inotropic support, and 

such as CRP and ferritin. These results align 

crucial roles in the pathophysiology of 
myocarditis.

In addition to myocarditis, UAR has been 

outcomes in patients with acute kidney 

injury, heart failure, coronary artery disease, 

mechanisms that are common across 

infarction (STEMI), a high UAR was linked to 
increased in-hospital mortality and poor 
short-term prognosis. Similarly, in chronic 
coronary artery disease, UAR was found to 
correlate with the extent of atherosclerosis. 
These associations suggest that UAR may 

wide range of clinical conditions beyond 
myocarditis.

myocarditis(24, 25). Uric acid, a product of 
purine metabolism, is known to be a marker 

outcomes, including heart failure and 
myocardial infarction. Our study expands on 
this by demonstrating that when adjusted 

and is associated with worse clinical 
outcomes. By combining uric acid and 
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patients.

In our cohort, patients with higher UAR 

complications such as pericardial effusion 

for identifying patients at higher risk of 

treatment strategies. Additionally, the 

total hospital stay underscores its potential 
utility in predicting healthcare resource 
utilization. In general, we did not need MRI 
and endomyocardial biopsy because the 

and they responded to treatment, especially 

to treatment or the clinic worsened despite 
these treatments, we would consider MRI 
and endomyocardial biopsy.

are consistent with broader literature 

failure and coronary artery disease. These 
parallels highlight the potential of UAR as 

Limitations

be acknowledged. Firstly, the diagnosis 
of myocarditis in our cohort was based 

tests rather than endomyocardial biopsy 
or cardiac MRI, considered gold standards 

we did not measure B-type natriuretic 

biomarker in heart failure and myocarditis. 

function in our study population.

which inherently carries biases such as 
selection bias and recall bias. The reliance 
on medical records for data collection 
can result in incomplete or inaccurate 

the potential for confounding factors that 
were not accounted for in our analysis. 
Factors such as underlying comorbidities, 
medications, and lifestyle factors (e.g., 
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acute myocarditis patients. By integrating 

and management in clinical practice. 

explore the mechanistic pathways linking 

technologies.
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