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ABSTRACT 
 

Introduction: Uric acid acts as both a pathogenic inflammatory mediator and 

an antioxidative agent. Several studies have shown that uric acid level 

correlates with the incidence, severity, and prognosis of pulmonary diseases. 

However, the association between uric acid level and acute respiratory 

distress syndrome (ARDS) has not been studied. 

 

Methods: A retrospective cohort study with propensity score matching was 

conducted at a medical intensive care unit of a tertiary teaching hospital in 

South Korea. The medical records of patients diagnosed with ARDS admitted 

from January 2005 through December 2011 were reviewed. 

 

Results: Two hundred thirty-seven ARDS patients met the Berlin definition. 

Patients with a serum uric acid level <3.0 mg/dL were classified into the low 

uric acid group, and those with a level ³3 mg/dL were classified into the 

normal to high uric acid group. We selected 40 patients in each group using 

propensity score matching. A higher percentage of patients in the low uric 

acid group experienced clinical improvement in ARDS, although in-hospital 

all-cause mortality was not different between two groups in the univariate 

analysis. Significantly more patients died from sepsis in the normal to high 

uric acid group and multivariate analysis showed that the low uric acid group 

was significantly associated with low in-hospital all-cause mortality (OR 

0.235, CI 0.061-0.900, p = 0.035). 
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Conclusions: In patients with ARDS, a low serum uric acid level may be a 

prognostic marker of a low risk of in-hospital mortality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

------------------------------------- 

Keywords: Uric acid; Respiratory distress syndrome, Adult; Prognosis; 

Mortality 

Student number: 2014-22217  



iii 

 

CONTENTS 

Abstract ...................................................................................................... i 

Contents.................................................................................................... iii 

List of tables and figures .......................................................................... iv 

List of abbreviations ................................................................................ v 

 

Introduction .............................................................................................. 1 

Material and Methods............................................................................... 3 

Results ....................................................................................................... 6 

Discussion ................................................................................................ 17 

Conclusion ............................................................................................... 20 

References ............................................................................................... 21 

Abstract in Korean.................................................................................. 27 



iv 

 

LIST OF TABLES AND FIGURES 
 

Table 1 Baseline characteristics in the total study population .................... 7 

Table 2 Assessment of clinical condition in the total study population ....... 8 

Table 3 Baseline characteristics in the propensity score-matched 

population................................................................................................. 9 

Table 4 Assessment of clinical condition in the propensity score-

matched population................................................................................. 10 

Table 5 Clinical outcomes in the propensity score-matched population ... 12 

Table 6 Baseline characteristics of survivals and non-survivals in the 

propensity score matched population ...................................................... 13 

Table 7 Difference of clinical conditions between survivals and non-

survivals in the propensity score-matched population.............................. 14 

Table 8 Unadjusted and adjusted logistic regression analyses to assess 

risk factors associated with overall in-hospital mortality ......................... 16 

 

Figure 1 Differences in serum uric acid levels between patients with 

ARDS who died and those who survived ................................................ 11 

Figure 2 Kaplan–Meier curve to evaluate the differences in survival 

rates during hospitalization in the propensity score-matched 

population............................................................................................... 15 

 

  



v 

 

LIST OF ABBREVIATIONS
 

APACHE Acute Physiology and Chronic Health Evaluation  

ARDS acute respiratory distress syndrome  

BAL bronchoalveolar lavage 

BMI body mass index 

CI confidence interval 

COPD chronic obstructive pulmonary disease 

CRRT continuous renal replacement therapy 

FiO2 fraction of inspired oxygen 

ICU intensive care unit 

LIS Lung Injury Score 

OR odds ratio 

PCV pressure control ventilation 

PEEP Positive end-expiratory pressure 

PF ratio PaO2/FiO2 

SOFA Sequential Organ Failure Assessment 

 

 



1 

 

INTRODUCTION 
 

Uric acid is generated as a final product of purine degradation through the 

normal physiological process in hepatocytes and is removed in the kidney and 

gut through the action of urate anion transporter-1 and glucose transporter-9 

[1]. Uric acid accounts for >50% of total antioxidant activity in the blood, 

slows cell aging through its antioxidative effect [2], and has a protective effect 

against some diseases [3–5]. Uric acid is studied in the context of pulmonary 

diseases because these diseases involve the actions of reactive oxygen species 

and uric acid is a major antioxidant in airway secretions and bronchoalveolar 

lavage (BAL) fluid [6, 7]. A recent study reported that uric acid level 

correlates negatively with the incidence of lung cancer and chronic 

obstructive pulmonary disease (COPD) [8]. However, paradoxically, uric acid 

is involved in pathological inflammatory reactions by activating the renin–

angiotensin system, acting as an oxidative stressor, and decreasing the 

bioavailability of nitrogen oxide [9–11]. In patients with acute exacerbation of 

COPD, serum uric acid level increases in patients with a poor prognosis [12, 

13]. Hypoxia and systemic inflammation seem to be important factors related 

to the elevated serum uric acid level [14, 15]. 

Patients with acute respiratory distress syndrome (ARDS) are often exposed 

to a high level of oxygen [16] and redox cycling chemicals through the use of 

xenobiotics or therapeutic drugs [17]. Even though low serum antioxidant 

level is significantly associated with the incidence of ARDS in patients with 

sepsis, uric acid is not generally included in the evaluation [18]. Increased uric 

acid level is found in BAL fluid of patients with ARDS, but the clinical 
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consequences of this increased level are unknown [7]. Recent studies have 

shown that angiotensin-converting enzyme, which can be activated by uric 

acid, is involved in the mechanisms associated with vascular permeability, 

apoptosis, and fibrosis in ARDS patients [19, 20]. 

The results of previous studies suggest that serum uric acid can promote 

antioxidative activity or aggravate inflammation according to the clinical 

situation. However, it is unclear whether serum uric acid acts to promote 

antioxidative activity or to aggravate inflammation in patients with ARDS. 

The aim of this study was to examine the possible role of serum uric acid as a 

prognostic marker in patients with ARDS. 
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MATERIALS AND METHODS 

1. Study population and study design 

This retrospective cohort study was conducted by electronic medical record 

review of patients admitted from 2005 through 2011 in a tertiary teaching 

hospital. We selected patients who were diagnosed with ARDS according to 

the Berlin definition [21]. Patients who had declared “Do Not Resuscitate” 

were excluded. We found that 237 patients with ARDS were intubated for 

mechanical ventilation in the intensive care unit (ICU) and had their serum 

uric acid level recorded at the time of admission to the ICU. 

Baseline characteristics such as age, gender, body mass index (BMI), alcohol 

and smoking habits, and comorbidities were reviewed primarily. The causes 

of ARDS were classified into direct and indirect ARDS, and sepsis-related 

ARDS and nonsepsis-related ARDS. Direct ARDS included cases caused by 

pneumonia and aspiration. A severity index was compiled using the Acute 

Physiology and Chronic Health Evaluation (APACHE) II score, Sequential 

Organ Failure Assessment (SOFA) score, and Lung Injury Score (LIS). We 

also reviewed biochemical markers such as differential white blood cell count, 

hematocrit, arterial blood gas analysis parameters, and concentrations of C-

reactive protein, bilirubin, creatinine, and glucose at the time of admission to 

the ICU. The serum uric acid level measured 18–24 h after intubation was 

also recorded because the known half-life of uric acid is about 21 h [22]. 

 

2. Assessment of clinical outcomes  
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We classified the study population into two groups according to the median 

uric acid level. The primary outcome was in-hospital all-cause mortality. 

Other clinical outcomes were reviewed, such as the need for a tracheostomy 

or reintubation, clinical improvement of ARDS, transfer to the general ward, 

length of stay in the ICU, length of stay in the hospital for patients who 

survived, number of ventilator-free days in the 28 days after admission, 

ARDS-related mortality, and cause of death. Clinical improvement of ARDS 

was defined as a reduced peak inspiratory pressure (PIP) or peak end 

expiratory pressure (PEEP) with the use of a mechanical ventilator combined 

with decreased consolidative infiltration shown in a chest x-ray within 7 days 

after admission to the ICU. 

 

3. Statistical analysis 

Binary variables were analyzed using Pearson’s chi-square test or Fisher’s 

exact test. Ternary variables were evaluated using a linear-by-linear 

association model. Continuous variables were analyzed using Student’s t test. 

We calculated a propensity score using the baseline characteristics and 

clinical conditions as the covariates, and matched the study population at a 

one-to-one ratio. Univariate and multivariate logistic regression analyses in 

the propensity score-matched population were performed to determine 

whether uric acid level was associated with in-hospital all-cause mortality. 

Kaplan–Meier survival analysis was performed to identify differences in the 

time to death. We used SPSS 19.0 statistical software (IBM Corp., Armonk, 
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NY, USA) and STATA version 12.0 (STATA Corp., College Station, TX, 

USA). 

 

4. Ethics 

The Institutional Review Board Committee of Seoul National University 

Hospital waived the need for informed consent for the present study (IRB No. 

H-1504-084-665). 
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RESULTS 

Baseline characteristics of the study population 

A retrospective cohort study was conducted for patients admitted to the Seoul 

National University Hospital from 2005 to 2011. In the 237 patients with 

ARDS, the mean serum uric acid was 3.41 mg/dL and the median level was 

3.00 mg/dL. The patients were classified into two groups: normal to high uric 

acid group (³3 mg/dL, n = 119) and low uric acid group (<3 mg/dL, n = 118). 

After thorough review of the baseline characteristics and clinical conditions, 

we found considerable differences between the two groups including their 

history of alcohol consumption, hypertension, malignancy, chronic kidney 

disease, baseline creatinine concentration, cause of ARDS, SOFA score, and 

use of corticosteroid, inotropics, and continuous renal replacement therapy 

(Tables 1 and 2). After propensity score matching, the 80 matched patients 

showed no differences between the two groups except for the uric acid level 

(Tables 3 and 4). 
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Table 1. Baseline characteristics in the total study population 

 

 Normal to high uric acid (n = 119) Low uric acid (n = 118) p-value 

Age, years 67.01 ± 12.73 67.39 ± 12.53 0.816 

Male 82 (69.9%) 84 (71.2%) 0.702 

BMI, kg/m2 21.65 ± 4.05 20.94 ± 3.93 0.181 

Ever smoker 47 (39.8%) 52 (43.7%) 0.546 

Heavy alcohol consumption 14 (12.0%) 26 (21.8%) 0.043 

Underlying disease 
   

 Hypertension 61 (51.3%) 43 (36.4%) 0.022 

 Diabetes mellitus 36 (30.5%) 36 (30.3%) 0.966 

 Coronary artery disease 16 (13.6%) 21 (17.6%) 0.386 

 COPD 39 (32.8%) 32 (27.1%) 0.342 

 Malignancy 52 (43.7%) 80 (67.8%) <0.001 

 Previous history of tuberculosis 35 (29.4%) 26 (22.0%) 0.194 

 Tuberculosis-destroyed lung 11 (9.2%) 10 (8.5%) 0.835 

 Liver cirrhosis 24 (20.2%) 16 (13.6%) 0.174 

 Gout 7 (5.9%) 2 (1.7%) 0.092 

 Chronic kidney disease 25 (21.0%) 4 (3.4%) <0.001 

Indication for intubation 
  

0.670 

 Type 1 respiratory failure 90 (75.6%) 92 (78.0%) 
 

 Type 2 respiratory failure 29 (24.4%) 26 (22.0%) 
 

Blood test    

 Total white blood cell count, /uL 12123.03 ± 8295.12 12882.63 ± 9575.24 0.653 

 Lymphocyte count, /uL 1159.41 ± 1616.99 878.85 ± 1050.26 0.115 

 Neutrophil count, /uL 10727.36 ± 8226.52 10788.16 ± 8522.26 0.955 

 Hematocrit, % 30.32 ± 7.82 29.67 ± 6.07 0.477 

 Glucose, md/dL 177.30 ± 82.62 165.58 ± 71.33 0.246 

 Creatinine, mg/dL 2.08 ± 1.84 0.99 ± 0.57 <0.001 

 Sodium, mmol/L 134.34 ± 6.29 133.54 ± 5.742 0.434 

 Albumin, d/dL 2.58 ± 0.53 2.51 ± 0.44 0.036 

 C-reactive protein, mg/dL 17.52 ± 10.01 18.52 ± 10.45 0.452 

 Uric acid, mg/dL 4.97 ± 1.89 1.84 ± 0.64 <0.001 

 pH 7.35 ± 0.12 7.37 ± 0.11 0.342 

 PaO2, mmHg 89.65 ± 33.26 100.66 ± 47.33 0.040 

 PaCO2, mmHg 39.93 ± 15.06 41.81 ± 16.02 0.355 
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Table 2. Assessment of clinical condition in the total study population 

 
 
 
 
  

 
Normal to high uric acid (n = 119) Low uric acid (n = 118) p-value 

Cause of ARDS 
   

 Direct vs. indirect 
  

0.043 

  Direct ARDS 87 (73.1%) 99 (83.9%) 
 

  Indirect ARDS 32 (26.9%) 19 (16.1%) 
 

 Sepsis related vs. nonsepsis 
related   

0.017 

  Sepsis related ARDS 17 (14.3%) 6 (5.1%) 
 

  Nonsepsis related ARDS 102 (85.7%) 112 (94.9%) 
 

Severity of ARDS 
  

0.513 

 Mild 14 (11.8%) 20 (16.9%) 
 

 Moderate 65 (54.6%) 62 (52.5%) 
 

 Severe 40 (33.6%) 36 (30.5%) 
 

APACHE II 29.28 ± 6.64 28.18 ± 7.89 0.247 

SOFA 10.79 ± 3.42 9.61 ± 3.23 0.007 

LIS 2.49 ± 0.44 2.49 ± 0.43 0.999 

Use of corticosteroid 48 (40.3%) 71 (60.2%) 0.002 

Use of nitric oxide 11 (9.2%) 20 (16.9%) 0.079 

Use of inotropics 75 (63.0%) 57 (48.3%) 0.023 

Use of CRRT 33 (27.7%) 9 (7.6%) <0.001 

Initial ventilation mode 
  

0.986 

 PCV 111 (93.3%) 110 (93.2%) 
 

 Other than PCV 8 (6.7%) 8 (6.8%) 
 

Mechanical ventilation settings    

 FiO2 0.75 ± 0.21 0.76 ± 0.21 0.618 

 PF ratio 129.90 ± 57.72 139.35 ± 61.29 0.223 

 Peak inspiratory pressure, cmH2O 25.50 ± 5.21 25.16 ± 3.91 0.567 

 Tidal volume, ml 466.99 ± 136.87 448.31 ± 110.93 0.250 

 Minute volume, L 14.75 ± 44.43 10.67 ± 9.12 0.329 

 PEEP, cmH2O 6.28 ± 1.76 6.31 ± 1.72 0.873 

 Dynamic compliance, ml/ cmH2O 26.50 ± 12.15 24.66 ± 7.57 0.164 
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Table 3. Baseline characteristics in the propensity score-matched 
population 

 
Normal to high uric acid (n = 40) Low uric acid (n = 40) p-value 

Age, years 64.68 ± 13.81 67.65 ± 13.39 0.331 

Male 26 (65.0%) 28 (70.0%) 0.633 

BMI, kg/m2 21.14 ± 4.25 21.03 ± 4.79 0.906 

Ever smoker 17 (42.5%) 17 (42.5%) 1.000 

Heavy alcohol consumption 7 (17.5%) 5 (17.5%) 1.000 

Underlying disease 
   

 Hypertension 17 (42.5%) 15 (37.5%) 0.648 

 Diabetes mellitus 10 (25.0%) 11 (27.5%) 0.799 

 Coronary artery disease 6 (15.0%) 4 (10.0%) 0.499 

 COPD 10 (25.0%) 15 (37.5%) 0.228 

 Malignancy 25 (62.5%) 21 (52.5%) 0.366 

 Previous history of tuberculosis 11 (27.5%) 9 (22.5%) 0.606 

 Tuberculosis-destroyed lung 5 (12.5%) 4 (10.0%) 0.723 

 Liver cirrhosis 6 (15.0%) 5 (12.5%) 0.745 

 Gout 1 (2.5%) 0 (0%) 0.314 

 Chronic kidney disease 3 (7.5%) 2 (5.0%) 0.644 

Indication for intubation   0.626 

 Type 1 respiratory failure 27 (67.5%) 29 (72.5%)  

 Type 2 respiratory failure 13 (32.5%) 11 (27.5%)  

Blood test    

 Total white blood cell count, /uL 10789.00 ± 7810.44 14648.25 ± 12362.72 0.099 

 Lymphocyte count, /uL 1206.50 ± 1627.27 915.48 ± 801.68 0.313 

 Neutrophil count, /uL 10097.55 ± 9860.45 11101.15 ± 6788.69 0.574 

 Hematocrit, % 31.30 ± 7.89 30.05 ± 6.74 0.448 

 Glucose, md/dL 174.63 ± 79.38 183.83 ± 82.738 0.613 

 Creatinine, md/dL 1.29 ± 0.81 1.16 ± 0.79 0.467 

 Sodium, md/dL 134.68 ± 6.72 134.35 ± 6.10 0.434 

 Albumin, md/dL 2.49 ± 0.55 2.59 ± 0.46 0.406 

 C-reactive protein, md/dL 18.26 ± 10.58 17.27 ± 10.51 0.325 

 Uric acid, md/dL 4.36 ± 1.02 1.80 ± 0.68 <0.001 

 pH 7.36 ± 0.12 7.36 ± 0.12 0.817 

 PaO2, mmHg 90.57 ± 38.53 97.06 ± 50.66 0.521 

 PaCO2, mmHg 40.05 ± 18.74 45.43 ± 19.64 0.214 
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Table 4. Assessment of clinical condition in the propensity score-matched 
population 

 
 

 
 

   

 
Normal to high uric acid (n = 40) Low uric acid (n = 40) p-value 

Cause of ARDS 
   

 Direct vs. indirect 
  

0.576 

  Direct ARDS 31 (77.5%) 33 (82.5%) 
 

  Indirect ARDS 9 (22.5%) 7 (17.5%) 
 

 Sepsis related vs. nonsepsis 
related   

0.235 

  Sepsis related ARDS 5 (12.5%) 2 (5.0%) 
 

  Nonsepsis related ARDS 35 (87.5%) 38 (95.0%) 
 

Severity of ARDS 
  

0.945 

 Mild 6 (15.0%) 5 (12.5%) 
 

 Moderate 22 (55.0%) 23 (57.5%) 
 

 Severe 12 (30.0%) 12 (30.0%) 
 

APACHE II 28.78 ± 6.83 28.48 ± 7.74 0.855 

SOFA 10.30 ± 3.20 9.95 ± 3.27 0.630 

LIS 2.46 ± 0.42 2.48 ± 0.50 0.856 

Use of corticosteroid 19 (47.5%) 20 (50.0%) 0.823 

Use of nitric oxide 4 (10.0%) 6 (15.0%) 0.499 

Use of inotropics 24 (60.0%) 19 (47.5%) 0.262 

Use of CRRT 6 (15.0%) 5 (12.5%) 0.745 

Initial ventilation mode 
  

0.456 

 PCV 37 (92.5%) 35 (87.5%) 
 

 Other than PCV 3 (7.5%) 5 (12.5%) 
 

Mechanical ventilation settings    

 FiO2 0.70 ± 0.21 0.73 ± 0.21 0.516 

 PF ratio 138.75 ± 61.26 136.97 ± 60.95 0.896 

 Peak inspiratory pressure, cmH2O 25.15 ± 5.02 25.53 ± 3.93 0.711 

 Tidal volume, mL 427.50 ± 121.86 440.00 ± 113.64 0.636 

 Minute volume, L 9.98 ± 2.79 12.12 ± 15.06 0.379 

 PEEP, cmH2O 6.33 ± 1.94 6.50 ± 1.85 0.681 

 Dynamic compliance, ml/ cmH2O 24.74 ± 11.57 24.26 ± 8.95 0.835 
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Clinical outcomes in the propensity score-matched patients 

In the univariate analysis, the low uric acid group had a nonsignificantly 

lower rate of overall in-hospital mortality (p = 0.065) (Figure 1). A higher 

percentage of the low uric acid group tended to be transferred to the ward or 

extubated successfully, and a higher percentage experienced clinical 

improvement of ARDS (Table 5). The two groups did not differ in the length 

of ICU stay, length of hospital stay in the patients who survived, or the 

number of ventilator-free days in the first 28 days. A higher percentage of 

patients died of septic shock in the normal to high uric acid group regardless 

of the cause of ARDS. 

 

 

Figure 1. Differences in serum uric acid levels between patients with 
ARDS who died and those who survived 
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Table 5. Clinical outcomes in the propensity score-matched population 

 

Difference of clinical features between survivals and non-survivals 

Higher age and diabetic or hyperglycemic feature tended to be found in the 

survived patients of the propensity score matched population (Table 6). Non-

survivals had higher rates of heavy alcoholics and liver cirrhosis. Indirect 

ARDS, use of continuous renal replacement therapy (CRRT), higher fraction 

of inspired oxygen (FiO2), and lower dynamic compliance were related with 

inhospital all-cause mortality (Table 7). 

  

 Normal to high uric acid (n = 40) Low uric acid (n = 40) p-value 

Length of stay in the ICU 18.08 ± 13.00 28.05 ± 32.78 0.080 

Length of stay in the hospital  
46.00 ± 53.32 91.05 ± 84.17 0.122 

Number of ventilator-free days in 
the first 28 days 

13.13 ± 8.41 11.00 ± 9.22 
0.285 

Transfer to ward 11 (27.5%) 22 (55.0%) 0.012 

Extubation 15 (37.5%) 24 (60.0%) 0.044 

Tracheostomy 13 (32.5%) 12 (30.0%) 0.809 

Reintubation 5 (12.5%) 8 (20.0%) 0.363 

Clinical improvement of ARDS 9 (22.5%) 21 (52.5%) 0.006 

Overall in-hospital mortality 29 (72.5%) 21 (52.5%) 0.065 

Cause of death 
  

0.010 

 Respiratory failure 11 (37.9%) 17 (81.0%)  

 Septic shock 14 (48.3%) 2 (9.5%)  

 Other causes 4 (13.8%) 2 (9.5%)  
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Table 6. Baseline characteristics of survivals and non-survivals in the 
propensity score matched population 

 
Survivals (n = 30) Non-survivals (n = 50) p-value 

Age, years 70.73 ± 9.47 63.42 ± 14.99 0.019 

Male 19 (63.3%) 35 (70.0%) 0.583 

BMI, kg/m2 20.94 ± 4.25 21.18 ± 4.68 0.816 

Ever smoker 14 (46.7%) 20 (40.0%) 0.559 

Heavy alcohol consumption 2 (6.7%) 12 (24.0%) 0.048 

Underlying disease 
  

 

 Hypertension 13 (43.3%) 19 (38.0%) 0.637 

 Diabetes mellitus 12 (40.0%) 9 (18.0%) 0.030 

 Coronary artery disease 5 (16.7%) 5 (10.0%) 0.383 

 COPD 9 (30.0%) 16 (32.0%) 0.852 

 Malignancy 16 (53.3%) 30 (60.0%) 0.559 

 Previous history of tuberculosis 7 (23.3%) 13 (26.0%) 0.790 

 Tuberculosis-destroyed lung 3 (10.0%) 6 (12.0%) 0.784 

 Liver cirrhosis 1 (3.3%) 10 (20.0%) 0.036 

 Gout 0 (0%) 1 (2.0%) 0.625 

 Chronic kidney disease 1 (3.3%) 4 (8.0%) 0.376 

Indication for intubation   0.313 

 Type 1 respiratory failure 19 (63.3%) 37 (74.0%)  

 Type 2 respiratory failure 11 (36.7%)  13 (26.0%)  

Blood test    

 Total white blood cell count, /uL 11544.00 ± 6954.16 13423.40 ± 12257.02 0.440 

 Lymphocyte count, /uL 874.50 ± 854.19 1172.88 ± 1479.12 0.317 

 Neutrophil count, /uL 10798.97 ± 7261.22 10479.58 ± 8351.78 0.863 

 Hematocrit, % 31.50 ± 7.74 30.17 ± 7.09 0.436 

 Glucose, md/dL 202.17 ± 87.74 165.46 ± 73.67 0.048 

 Creatinine, md/dL 1.13 ± 0.61 1.28 ± 0.90 0.426 

 Sodium, md/dL 134.47 ± 6.43 134.54 ± 6.41 0.961 

 Albumin, md/dL 2.58 ± 0.61 2.51 ± 0.44 0.568 

 C-reactive protein, md/dL 18.89 ± 11.03 17.09 ± 10.20 0.462 

 Uric acid, md/dL 2.84 ± 1.48 3.22 ± 1.59 0.290 

 pH 7.37 ± 0.11 7.36 ± 0.13 0.791 

 PaO2, mmHg 90.71 ± 44.40 95.67 ± 45.45 0.635 

 PaCO2, mmHg 43.89 ± 22.30 42.05 ± 17.39 0.682 
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Table 7. Difference of clinical conditions between survivals and non-
survivals in the propensity score-matched population 

 

 

 

 
Survivals (n = 30) Non-survivals (n = 50) p-value 

Cause of ARDS 
   

 Direct vs. indirect 
  

 

  Direct ARDS 28 (93.3%) 36 (72.0%) 0.021 

  Indirect ARDS 2 (6.7%) 14 (28.0%)  

 Sepsis related vs. nonsepsis 
related   

0.184 

  Sepsis related ARDS 1 (3.3%) 6 (12.0%)  

  Nonsepsis related ARDS 29 (96.7%) 44 (88.0%)  

Severity of ARDS 
  

0.107 

 Mild 4 (13.3%) 7 (14.0%)  

 Moderate 21 (70.0%) 24 (48.0%)  

 Severe 5 (16.7%) 19 (38.0%)  

APACHE II 26.73 ± 7.81 29.76 ± 6.73 0.071 

SOFA 9.33 ± 3.09 10.60 ± 3.23 0.089 

LIS 2.38 ± 0.43 2.53 ± 0.47 0.183 

Use of corticosteroid 14 (46.7%) 25 (50.0%) 0.773 

Use of nitric oxide 1 (3.3%) 9 (18.0%) 0.055 

Use of inotropics 13 (43.3%) 30 (60.0%) 0.148 

Use of CRRT 6 (3.3%) 11 (22.0%) 0.024 

Initial ventilation mode 
  

0.441 

 PCV 26 (86.7%) 46 (92.0%)  

 Other than PCV 4 (13.3%) 4 (8.0%)  

Mechanical ventilation settings    

 FiO2 0.65 ± 0.18 0.76 ± 0.21 0.016 

 PF ratio 144.54 ± 57.83 133.86 ± 62.63 0.450 

 Peak inspiratory pressure, cmH2O 24.17 ± 4.24 26.04 ± 4.52 0.070 

 Tidal volume, mL 453.73 ± 123.80 421.76 ± 112.69 0.240 

 Minute volume, L 9.68 ± 2.56 11.87 ± 13.52 0.384 

 PEEP, cmH2O 6.23 ± 1.70 6.52 ± 2.00 0.514 

 Dynamic compliance, ml/ cmH2O 28.20 ± 13.93 22.28 ± 6.50 0.012 



15 

 

Evaluation of risk factors for overall in-hospital mortality 

Univariate regression analysis showed that in-hospital mortality was related to 

age, heavy alcohol consumption, having diabetes or liver cirrhosis, indirect 

ARDS, low serum uric acid level, APACHE II score, FiO2, dynamic 

compliance, nitric oxide, and CRRT. Multivariate regression analysis showed 

that low serum uric acid level (odds ratio (OR) 0.235, 95% confidence 

interval (CI) 0.061–0.900, p = 0.035), FiO2 (OR 32.747, 95% CI 1.069–

1002.933, p = 0.046) and CRRT (OR 20.646, 95% CI 1.132–376.718, p = 

0.041) correlated significantly with in-hospital all-cause mortality (Table 8). 

There was a nonsignificant trend toward increased mortality in association 

with liver cirrhosis and FiO2. In the Kaplan–Meier curve of all-cause in-

hospital mortality, the time interval to death was longer in patients with a low 

serum uric level (log-rank test, p = 0.002, Figure 2). 
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Figure 2. Kaplan–Meier curve to evaluate the differences in survival rates 
during hospitalization in the propensity score-matched population 
 
( ) Normal to high uric acid group; ( ) low uric acid group
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Table 8. Unadjusted and adjusted logistic regression analyses to assess risk factors associated with overall in-hospital mortality 
 

 Unadjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value 

Age, years 0.953 (0.915–0.994) 0.025 0.966 (0.919-1.016) 0.178 

Diabetes mellitus 0.329 (0.118–0.919) 0.034 0.289 (0.063–1.334) 0.112 

Heavy alcohol consumption 4.421 (0.916–21.347) 0.064 5.671 (0.636–50.568) 0.120 

Liver cirrhosis 7.250 (0.879–59.828) 0.066 8.688 (0.592-127.569) 0.115 

Indirect ARDS 5.444 (1.142–25.954) 0.033 1.870 (0.259-13.509) 0.535 

Low serum uric acid 0.419 (0.165–1.064) 0.067 0.235 (0.061–0.900) 0.035 

APAHCE II 1.062 (0.994–1.135) 0.074 1.034 (0.945–1.131) 0.468 

FiO2 15.255 (1.416–164.394) 0.025 32.747 (1.069-1002.933) 0.046 

Dynamic compliance 0.935 (0.882–0.991) 0.024 0.921 (0.844–1.006) 0.068 

NO 6.366 (0.764-53.035) 0.087 7.265 (0.534-98.793) 0.136 

CRRT 8.179 (0.999-66.980) 0.050 20.646 (1.132-376.718) 0.041 
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DISCUSSION 

In the present study, a serum uric acid level <3.0 mg/dL was a significant 

prognostic marker of a low in-hospital mortality rate in ARDS patients. A 

higher percentage of patients in the low uric acid group experienced clinical 

improvement from ARDS and were transferred to the ward. A higher 

percentage of patients with a normal to high uric acid level died from septic 

shock. Kaplan–Meier analysis showed that the normal to high uric acid group 

had a rapid decline in survival rate in the early phase of hospitalization. 

Several studies have focused on the association between uric acid level and 

pulmonary diseases. A high uric acid level was related to a higher survival rate 

in patients with radiation pneumonitis [23]. In another study, low serum uric 

acid level was associated with a higher rate of intubation and fatal prognosis 

in patients with severe acute respiratory syndrome [24]. These studies 

suggested that serum uric acid level is positively related to clinical outcomes 

in patients with pulmonary inflammation. However, a recent study suggested 

that hyperuricemia may be associated with increased mortality in ARDS 

patients [25]. In COPD patients, a high uric acid level correlated significantly 

with the severity of disease or degree of hypoxemia and future exacerbation or 

mortality [12, 26]. Another study reported that serum uric acid level increased 

with the severity of pulmonary embolism [27]. The long-term mortality of 

primary pulmonary hypertension is also significantly associated with serum 

uric acid level [28]. Hypoxia in the peripheral tissues is known as one cause 

of increased uric acid in patients with pulmonary disease [29, 30]. Our data 
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also indicate that ARDS patients with a higher serum uric acid level have a 

worse clinical prognosis. 

The mean serum uric acid level was lower in our study population than in 

the general Korean population [31]. A previous study of patients with severe 

acute respiratory syndrome showed a similar low mean serum uric acid level; 

the authors proposed that this was caused by an increase in uric acid excretion 

in response to hypoxia [24]. Another study of patients with obstructive sleep 

apnea also found that the urinary excretion of uric acid increased with the 

severity of the condition, as shown by the apnea–hypopnea index [32]. 

Considering that >85% of our patients were diagnosed with moderate to 

severe ARDS, the low serum uric acid level may be explained by increased 

excretion of uric acid in response to hypoxia. The low mean sodium level of 

134.0 mmol/L could be a sign that our population included patients with 

syndromes associated with impaired secretion of antidiuretic hormone, which 

induces hypouricema [33]. Finally, low BMI is associated with low serum uric 

acid [34]. The lower BMI and serum albumin level in the present study 

suggest that these patients may have been poorly nourished, which may have 

caused a low uptake of purines [31, 35]. 

In our study, the most common cause of death in the low uric acid group 

was respiratory failure, although they had a higher rate of improvement from 

ARDS. This finding may relate to the prolonged duration of mechanical 

ventilation in the low uric acid group [36]. By contrast, the death rate from 

sepsis was higher in patients in the normal to high uric acid group regardless 

of the cause of ARDS. The progression of sepsis has been reported to be 
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associated with high serum uric acid [37, 38], and more severe sepsis is 

related to higher serum uric acid level [39, 40]. Thus, serum uric acid level 

may be an indicator of the progression of sepsis to death in ARDS patients. 

The present study has several limitations. First, this study was conducted 

retrospectively. However, we performed propensity score matching to 

minimize differences in the baseline clinical data between groups. Second, a 

serum uric acid level of 3.0 mg/dL may not be generalized as a low uric acid 

level in all ARDS patients. The definition of low uric acid level may need to 

be individualized for each patient population and may differ between different 

ethnic groups. Further multicenter randomized controlled trials are needed. 

Third, patients with a normal or high uric acid level were regarded as one 

group, and we did not determine whether the low uric acid group has a better 

prognosis than the normal uric acid group. 
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CONCLUSION  

Serum uric acid level may be a useful biomarker for predicting clinical 

outcomes of patients with ARDS. A higher percentage of patients with a low 

serum uric acid level experienced clinical improvement from ARDS, and 

these patients survived for longer. Multivariate analysis showed that low 

serum uric acid was significantly associated with low overall in-hospital 

mortality from ARDS. 
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국   

 

: 요산  질병  일 키는 염증  매개인자  항산  매개체  

역할  동시에 하는 것  알  있다. 몇몇 연구들에 는 폐질

 생, 증도, 그리고 후  요산  간에 연 이 있 이 

다. 하지만  곤란 증후군과 요산  계에 해

는 알 진 가 없다. 

 

법: 울 병원에 있는 자실  트를 후향  향

매칭법  이용하여 분 하 다. 2005  1 월부  2011  11 월 지 

 곤란 증후군  진단 어 입원했  자   

검토하 다. 

 

결과:  237 명   곤란 증후군 자가 베를린 에 합

당하게 진단 었다.  요산 가 3 mg/dL 미만인 자들  

요산 군  분 었고, 3 mg/dL 이상인 자들  상요산 또는 고

요산 군  분 었다. 매칭법  이용해  각 군에  40

명씩 자를 택하 다.  단변량 분 에  요산  병원 내 

사망  간에 한 계를 보이지 않았지만, 요산 군  분  

자들  하게  곤란 증후군 부  임상 인  

보인 경우가 많았다. 또한 상요산 또는 고요산 군  자들  
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증  사망하는 경우가 많았고, 다변량 분 에 도 요산군  

병원 내 사망  한 인자 다 (OR 0.235, CI 0.061-0.900, p = 

0.035). 

 

결 :  곤란 증후군 자에    요산 는 병원 내 

사망에 있어  좋  후 인자라고 할  있겠다. 
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