THE RELATIONSHIP BETWEEN SERUM URIC ACID LEVEL AND URIC ACID / CREATININE RATIO WITH COPD SEVERITY (STABLE OR ACUTE EXACERBATION) AND THE DEVELOPMENT OF COR PULMONALE
ABSTRACT
BACKGROUND: There are studies reporting that uric acid elevation is a marker for hypoxemia and pulmonary hypertension secondary to some diseases. 
AIM: The aim of this study is to investigate the relationship between serum uric acid level and uric acid/creatinine ratio with COPD exacerbation, hypoxemia in exacerbation and development of cor pulmonale. 
METHODS: A total of 96 COPD patients who were admitted to Ondokuz Mayıs University Faculty of Medicine emergency department and Chest Diseases outpatient clinic and whose written consent was obtained, were included in our study. 43 of these patients were in the period of exacerbation (Group 1) and 53 were in the stable period (Group 2). Complete blood count, blood biochemistry (including serum uric acid level) and arterial blood gas analysis were performed in our patients. In addition, spirometry and echocardiography findings were examined.
RESULTS: Serum uric acid level of Group 1 was 6.97 ± 1.34 and Group 2 was 4.30 ± 1.01 (p <0.05). Uric acid/creatinine ratios; in group 1; 8.00 ± 2.06, in group 2; It was 5.52 ± 1.57 (p <0.05). In patients with hypoxemia, serum uric acid level and uric acid / creatinine ratio were significantly higher than non-hypoxemic (p <0.05). Serum uric acid level and serum uric acid/creatinine ratio of Group 1 were significantly higher than Group 2 (p <0.001). Serum uric acid level and serum uric acid / creatinine ratio of patients who developed cor-pulmonale were significantly higher than patients without cor-pulmonale (p <0.05). 
CONCLUSION: Serum uric acid level and uric acid/creatinine ratio were found to be higher in patients with exacerbation of COPD and those developing cor pulmonale. Consequently, it suggests that serum uric acid level and serum uric acid/creatinine ratio may be a stimulating laboratory test for the severity of COPD and the development of COPD based cor pulmonale. 
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What is already known about this topic?
Uric acid elevation is a marker for hypoxemia and pulmonary hypertension.
[bookmark: _GoBack]What does this article add?
In this article we aimed to find the relationship between uric acid level and COPD exacerbation and cor pulmonale. We found that serum uric acid level and uric acid/creatinine ratio were higher in patients with exacerbation of COPD and cor pulmonale.

INTRODUCTION
According to the recently updated GOLD 2020 (Global Initiative for Chronic Obstructive Lung Disease) guidelines, COPD ( Chronic Obstructive Lung Disease)  is a common, preventable and treatable disease characterized by airway and / or alveolar abnormalities, resistant respiratory system symptoms and airflow restriction, often developing due to exposure to harmful gases and particles. Chronic inflammation causes structural changes, while narrowing of small airways and parenchymal destruction causes the elasticity of the lung to decrease (1). Serum uric acid level has been found to be a useful marker of hypoxia in patients with COPD exacerbations and in patients with other respiratory diseases. Uric acid appears to play a role in the final product of purine catabolism, in which adenosine breaks down due to tissue hypoxia. Some studies have reported a relationship between high uric acid level and pulmonary hypertension (2). In our study, we tried to determine the value of serum uric acid level and uric acid / creatinine ratio in determining the risk and severity of exacerbation of COPD, as well as the relationship between cor pulmonale and serum uric acid level and uric acid / creatinine ratio developing secondary to COPD.

MATERIALS AND METHODS
96 volunteer patients who were admitted to the Ondokuz Mayıs University Faculty of Medicine Hospital emergency department and Chest Diseases outpatient clinic between December 2018 and April 2020, who were diagnosed with COPD according to the GOLD guideline and who provided informed written consent were included in our study. Approval was obtained from Ondokuz Mayıs University Faculty of Medicine Ethics Committee and Scientific Research Projects (BAP) unit. Patients under the age of 40 and over 80, those with active malignancy, those with chronic kidney failure, and those who use medications (such as ethambutol and pyrazinamide) that may increase uric acid levels were excluded from the study. The medical history, physical examination findings, cigarette use (pack-years), arterial blood gas analysis (pulse oximeter values in some patients), blood biochemistry analyses (including uric acid), pulmonary function tests and echocardiography (ECO) findings were examined.
The diagnosis of cor pulmonale secondary to COPD was made with transthoracic ECO. Pulmonary artery pressure (PAP) value from tricuspid regurgitation (TR) peak flow velocity was measured by Bernoulli equation. Pulmonary artery (PA) systolic pressure was calculated by estimating the right atrium (RA) pressure. PA systolic pressure was determined by summing TR pressure gradient and estimated RA pressure. Those with a PAP value above 35 mmHg were considered as pulmonary hypertension (PH). These patients were excluded from our study because those with pulmonary embolism, chronic thromboembolic pulmonary hypertension, obstructive sleep apnoea syndrome, and interstitial lung disease may be the possible cause of pulmonary HT. Serum uric acid levels were evaluated in addition to the routine blood biochemistry parameters of all patients included in our study. Uric acid and creatinine ratios were calculated.
The data obtained from the research were transferred to the computer. The analysis of the data was done on computer in IBM SPSS 23.0 (IBM SPSS Statistics, Version 23.0 Armonk, NY: IBM Corp.) software. Descriptive statistics were analysed with mean ± standard deviation and Smirnov test. To analyse continuous data, One-Way ANOVA test in multiple groups, Independent Sample T test in two groups, and Pearson Correlation test were used. For statistical significance, p <0.05 value was accepted.
RESULTS
Of the patients included in the study, 80 were male (83.3%) and 16 were female (16.7%). The mean age of the patients was 68.38 ± 8.94. Patients with COPD attack were classified as Group 1 and those with non-attack COPD patients were classified as Group 2.
The number of Group 1 patients was 43, and the number of patients in Group 2 was 53. In both groups, the number of COPD patients developing cor pulmonale was 24, and the number of COPD patients not developing cor pulmonale was 49. There was a statistically significant difference between groups 1 and 2 in terms of serum uric acid, uric acid creatinine ratio and FEV1(forced expiratory volume in 1 second) percentage average (p <0.001, p <0.001, p = 0.001).
A statistically significant difference was found in the ratio of serum uric acid and serum uric acid / creatinine between patients who developed cor pulmonale and those who did not develop cor pulmonale. Serum uric acid levels and uric acid / creatinine ratios were significantly higher in patients developing cor pulmonale (p = 0.003, p = 0.006). In the arterial blood gas examination, patients with PO2 below 60 mmHg were considered to be the moderate to severe hypoxemic group. A statistically significant difference was found between the patients with hypoxemia and non-hypoxemic levels in serum uric acid level and serum uric acid / creatinine ratio. Serum uric acid levels and uric acid / creatinine ratios were significantly higher in patients with hypoxemia (p <0.005). 
DISCUSSION
COPD should be considered a multisystemic disease. Although it primarily affects the lungs, other organs also have structural and functional changes due to systemic inflammation (3). Cor pulmonale developing in COPD is right ventricular enlargement and right ventricular failure, which occurs in response to pulmonary hypertension secondary to diseases affecting lung structure and / or function. The increase in pulmonary artery pressures is usually mild to moderate, but some patients may develop severe pulmonary hypertension. Although cor pulmonale is mostly due to chronic and slowly developing causes, some cases may present with acute and life-threatening symptoms. Mechanisms causing cor pulmonale are pulmonary vasoconstriction (due to acidosis and alveolar hypoxia), decreased pulmonary vascular bed section (emphysema, pulmonary embolism), increased pulmonary blood flow and increased blood viscosity (4).
The end product of purine catabolism in humans is uric acid and is composed of xanthine as a result of the oxidation reaction catalysed by the xanthine dehydrogenase enzyme. In hypoxic conditions, since the cell's need for oxygen is insufficient, ATP formation from adenosine diphosphate (ADP) is disturbed and ATP is reduced to ADP, and the amount of adenosine monophosphate (AMP) in the environment increases. This causes the production of purine nucleotide breakdown intermediates (adenosine, inosine, hypoxanthine, xanthine) and uric acid, the final product of purine catabolism (5).
In a study conducted by Nagihan et al. in 2015 with 110 COPD and 52 healthy control subjects, the mean serum uric acid levels and serum uric acid / creatinine rates were significantly higher in patients with COPD than healthy controls and patients with frequent exacerbations were found to have higher mean serum uric acid levels. Similarly, in our study, the mean serum uric acid level was found higher in patients in the exacerbation group than in the stable group. In the study of Sato et al., The prognostic role of the serum concentration of uric acid and creatinine in 91 patients with COPD was evaluated and this rate was found to be a reliable prognostic marker (6). In a study by Garcia-Pachon et al., The ratio between serum uric acid concentration and creatinine was found to be related to lung function in COPD patients.
Pulmonary vascular restructuring in COPD is explained by prolonged hypoxic vasoconstriction and the resulting pulmonary vascular medial hypertrophy (7). Pulmonary vascular restructuring in COPD is explained by prolonged hypoxic vasoconstriction and the resulting pulmonary vascular medial hypertrophy. Endothelial function changes in the pulmonary arteries are evident in the early stages of COPD. Potential mechanisms of endothelial damage in these early stages include the effects of cigarette smoke components and inflammatory changes (8).
There are also studies reporting the relationship between pulmonary hypertension and high serum uric acid level. Noritoshi et al. examined serum uric acid levels in 90 subjects with 30 patients diagnosed with primary pulmonary hypertension and 30 healthy control subjects, and the serum uric acid level of patients who developed pulmonary hypertension was significantly higher than the control group (9). In one study, 86 Idiopathic Pulmonary Hypertension (IPAH) patients and 40 healthy volunteers were examined, 53 of 86 (60.4%) patients with IPAH were found to have high levels of serum uric acid, and serum uric acid levels of IPAH patients were determined higher than the control group (10).
In a study conducted in patients with pulmonary hypertension due to systemic sclerosis, serum uric acid, FEV1, FVC and DLCO values of patients were examined, and patients with pulmonary hypertension did not differ in respiratory function parameters compared to the control group, but serum uric acid levels were found to be significantly higher (11). In a study investigating the relationship between high uric acid levels and pulmonary hypertension in patients with Systemic Lupus Erythematosus (SLE), Ki-Jo et al. detected PH in 9 of 114 SLE patients and found uric acid levels significantly higher in patients who developed PH (12).
The exact metabolic mechanism that causes increased uric acid levels in patients who develop pulmonary hypertension is unclear. Lung tissue ischemia can make an important contribution to elevating uric acid levels. Tissue ischemia is thought to lower ATP levels and activate the purine nucleotide degradation pathway, leading to overproduction of uric acid in the heart, lung, liver, and skeletal muscle (2). In our study, compared with non-hypoxemic patients in patients with arterial blood gas examination PO2 below 60 mmHg (group with moderate to severe hypoxemic), the high rate of serum uric acid and uric acid / creatinine in our patients supports the findings in other studies.
When all the results are evaluated together, serum uric acid level can give an idea to predict the prognosis of COPD and the severity of exacerbation. We think that uric acid is a cost-effective biochemical parameter that can guide physicians in evaluating hypoxemia and severity of disease in both stable and exacerbation periods in COPD patients. Also, it may be a practical and stimulating finding to look at serum uric acid levels regarding the risk of developing pul pulmonale, a complication of COPD due to recurrent chronic hypoxemia. There is a need for new studies on this subject that cover larger patient numbers.
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Table 1. Age and gender distribution of Group 1 and Group 2 patients included in our study


	
	       Group 1
	Group 2

	Number of patients
	43
	53

	Age
	71±6.74
	66.19±9.92

	Gender
	36 M, 7 F
	44 M, 9 F

	Patients with cor pulmonale
	19 
	5 

	Patients without cor pulmonale
	12 
	37 















Table 2. Average uric acid, uric acid/creatinine and FEV1 percentage values of patients

	
	Group 1
	Group 2
	P Value

	Serum uric acid level (mg/dl)
	6.97±1.34
	4.30±1.01
	p<0.001

	Serum uric acid / creatinine ratio
	8±2.06
	5.52±1.57
	p<0.001

	FEV1  percentage mean
	51.44±17.28
	64.62±21.51
	p=0.001













Table 3. Uric acid and uric acid / creatinine ratio of patients with or without cor pulmonale

	
	Patients with cor pulmonale
	Patients without cor pulmonale
	P Value

	Serum uric acid level (mg/dl)
	6.37±1.61
	5.03±1.74
	p=0.003

	Serum uric acid / creatinine ratio
	7.56±2.11
	6.04±2.10
	p=0.006



Table 4. The rate of uric acid and uric acid / creatinine between patients with and without hypoxemia

	
	Patients with moderate to severe hypoxemia
	Patients without hypoxemia
	P-Value

	Number
	33
	63
	

	Serum uric acid mean
	7.16±1.17
	4.63±1.36
	p<0.001

	Serum uric acid / creatinine ratio
	8.14±1.76
	5.84±1.96
	p<0.001



