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ABSTRACT
Aim: In the clinical course of Chronic Obstructive Pulmonary Disease (COPD), exacerbations that 
are defined as worsening of respiratory symptoms (dyspnoea, cough, sputum production) may occur, 
which causes poor prognosis and require additional treatments. Cost-effective mortality predictors are 
valuable for the treatment management of COPD. We aimed to investigate whether serum uric acid 
(UA) and serum uric acid to creatinine ratio (UCR) are predictors of mortality and hypoxemia in patients 
with acute exacerbations of COPD (AECOPD). 
Material and Methods: 105 patients with AECOPD who were hospitalized in a reference chest hospital 
between January 2014 and December 2018 were evaluated retrospectively in this cross-sectional study. 
The associations between UA and UCR and long-term mortality, hypoxemia, comorbidity, FEV1 value, 
and Global Strategy for the Diagnosis, Management and Prevention of Chronic Obstructive Pulmonary 
Disease (GOLD) stage were analyzed. 
Results: In the present study including 105 patients with AECOPD (97 males, mean age of 65±9 years), 
a significant correlation was found between hyperuricemia and mortality (95% CI:1.15-10.72, p=0.027; 
95% CI:1.16-4.12, p=0.016, respectively), while no correlation was found between UCR and mortality 
(p=0.051, p=0.053, respectively). Low UA level was associated with hypoxemia significantly (p=0.022), 
but no association was observed between UCR and hypoxemia (p=0.094).    
Conclusion: It appears that UA is more important for predicting long-term mortality in patients with 
AECOPD than UCR. We suggest that UA can be used as a biomarker of long-term mortality for the 
identification of high-risk COPD patients that require frequent clinical follow-up and intense treatment 
management. 
Keywords: Serum uric acid, Serum uric acid creatinine ratio, Predictor, mortality, Hypoxemia, Acute 
exacerbations of COPD

ÖZ
Amaç: Kronik Obstrüktif Akciğer Hastalığı (KOAH) klinik seyrinde, kötü prognoza neden olan, ek 
tedavi gerektiren, solunum semptomlarında (dispne, öksürük, balgam) kötüleşme olarak tanımlanan 
alevlenmeler gözlenebilir. Maliyet-etkin mortalite öngörücüleri, KOAH’ın tedavi yönetimi için değerlidir. 
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INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is a pre-
ventable and treatable disease that causes the mortality of 
more than three million people worldwide each year (1). The 
frequency of the exacerbations increases the severity of the 
disease, and if a patient has had two or more acute events 
during the previous year, he or she is considered high risk 
(1-3). The impact of COPD on the public can be relieved 
by prevention and appropriate management using methods 
based on the latest evidence available. Recent studies have 
focused on easily applicable and cost-effective prognostic 
biomarkers for COPD. 

During exacerbations, there is increased hyperinflation and 
gas trapping, with the decreased expiratory flow, thus clar-
ifying advanced dyspnoea (4). There is also a worsening 
of the alveolar ventilation (VA)/perfusion (Q) imbalance that 
can result in hypoxemia (5). Tissue hypoxia stimulates the 
degradation of adenosine (6), which causes the excretion of 
purine intermediates and the end products of purine catab-
olism such as UA (7).

Seventy percent of UA is excreted by the kidneys, which 
therefore have a major role in providing UA homeostasis 
and its serum level. Impaired renal evacuation concludes 
hyperuricemia (8). Since most UA is excreted from the kid-
neys, the assessment of its adjusted ratio with creatinine 
(serum uric acid to creatinine ratio [UCR]) is also significant 
(9). Kahnert et al. (10) have declared that UA is associated 
with airway obstruction, cardiovascular comorbidities, exac-
erbations, and physical capacity, that are the poor progno-
sis determinants of COPD. Whereas a small cross-sectional 
study has shown significant associations between UCR 
and spirometry values and dyspnoea in COPD patients 
(9). Despite the evidence above, no study has compared 
UA and UCR for association with long-term mortality and 
hypoxemia in patients with acute exacerbations of COPD 
(AECOPD).

The main aim of this study was to investigate whether UA 
and UCR can be used as cost-effective biomarkers of mor-
tality and hypoxemia in patients with AECOPD. The second 
aim was to examine the association between UA and UCR 
values and the inflammatory parameters of leukocyte and 
CRP, forced expiratory volume in 1-s (FEV1) values, Global 
Initiative for COPD (GOLD) severity classification of COPD, 
and comorbidity in patients with AECOPD.

 MATERIAL and METHODS

A total of 1642 patients with AECOPD who visited the 
emergency department (ED) between January 2014 and 
December 2018 were scanned, and 105 inpatients among 
these patients, whose research data could be accessed 
were included in this study. The present single center, 
cross-sectional study was approved by the ethics com-
mitee of Yedikule Chest Diseases and Thoracic Surgery 
Training and Research Hospital (REC number:2020-16, 
Date:20.08.2020). Since the study was retrospective, 
informed consent was not obtained from the patients.

The patient was diagnosed with AECOPD based on the 
medical history, clinical findings, current symptoms, and the 
GOLD diagnosis and treatment guidelines by a pulmonol-
ogist. The patient with AECOPD whose FEV1/FVC<70% 
(forced expiratory volume in 1 s / forced vital capacity ratio 
expressed as a percentage of predicted value) was includ-
ed in our study. 

The exclusion criteria were as follows: (a) patient with 
hyperuricemia-causing comorbidity (malignancy, gout, liver 
deficiency, psoriasis, hypercholesterolemia, metabolic syn-
drome, etc.), (b) patient without UA and creatinine values   
in the hospital database system, (c) immunosuppressive 
patient, (d) patient with chronic renal failure and (e) patient 
who used drugs that increase UA level. 

Data of age, gender, comorbid diseases of diabetes mellitus 
(DM), hypertension (HT) and cardiovascular disease (CVD), 
physical examination and chest X-ray findings, partial oxy-

Akut KOAH alevlenmeleri olan serum ürik asit (ÜA) ve serum ürik asitin kreatinine oranının (ÜKO) mortalite ve hipoksemi için belirleyici olup 
olmadığını araştırmayı amaçladık. 
Gereç ve Yöntemler: Bu gözlemsel kesitsel çalışmada, Ocak 2014 ile Aralık 2018 arasında bir referans göğüs hastanesinde yatan 105 
KOAH alevlenmesindeki hasta retrospektif olarak değerlendirildi. ÜA ve ÜKO ile uzun vadeli mortalite, hipoksemi, komorbidite, FEV1 değeri, 
KOAH’ın tanı, tedavi ve önlenmesi için küresel strateji (GOLD) evreleri arasındaki ilişkiler analiz edildi. 
Bulgular: KOAH alevlenmesindeki toplam 105 hastayı (97’si erkek, ortalama yaş 65±9 yıl) içeren bu çalışmada hiperürisemi ile mortalite 
arasında anlamlı bir korelasyon bulunurken (sırasıyla, p=0.027; p=0.016), ÜKO ile mortalite arasında korelasyon bulunmadı (sırasıyla, 
p=0.051, p=0.053). Düşük ÜA seviyesi hipoksemi ile anlamlı olarak ilişkiliydi (p=0.022), ancak ÜKO ile hipoksemi arasında bir ilişki gözlen-
medi (p=0.094).  
Sonuç: KOAH alevlenmesindeki hastaların uzun vadeli mortalitesini öngörmede serum ÜA’nin ÜKO’na göre daha değerli olduğu 
görülmektedir. Sık klinik takip ve yoğun tedavi yönetimi gerektiren yüksek riskli KOAH hastalarının tanımlanması için serum ÜA’in uzun 
vadeli mortalitenin biyobelirteci olarak kullanılabileceğini öneriyoruz.
Anahtar Sözcükler: Serum ürik asit, Serum ürik asitin kreatinine oranı, Prediktör, Mortalite, Hypoksemi, KOAH akut alevlenme
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tancy and explanatory variables. A p value <0.05 was con-
sidered significant.

 RESULTS

A total of 105 patients with AECOPD (97 males, with a mean 
age of 65±9 years) were included in the present study. Fifty 
(47.6%) of the patients died during the analyzed period.   

It was observed that the average age of the 87 patients with 
a low sUA level was 65.8, while the average age of the 18 
patients with a high UA level was 66.4. The average age of 
the 26 patients with low UCR was found to be 67.2, while 
the average age of the 79 patients with high UCR was 65.4. 
GOLD stages and the levels of UA, UCR, inflammatory 
parameters (WBC and CRP), and pO2 of the patients were 
summarized in Table 1.

A statistically significant difference was observed between 
individuals with a UA value below 6.9 mg/dl and those with a 
UA value above 6.9 mg/dl from the results obtained by COX 
regression analysis of UA and long-term mortality (p=0.016) 

gen pressure (pO2-mmHg-) level, CRP (mg/L) value and 
leukocyte (WBC-mcL-) count at the admission of a patient 
to the ED were collected from the electronic database of 
the hospital.

A 2-cc blood sample from the radial artery of a patient with a 
heparin injector was measured for parameters of ABG (Sie-
mens Rapidlab 348 EX blood gas device) within 30 minutes. 
Hypoxemia determined in ABG was classified as follows: 
Those with a pO2 of 60-80 mmHg mildly hypoxemic, those 
with 40-59 mmHg moderately hypoxemic and those with 
<40 mmHg severely hypoxemic (11). A sample of venous 
blood from each patient was evaluated for total blood 
count and biochemical analyses (Cobas c501 biochemistry 
device) including CRP, UA (mg/dl), and creatinine (mg/dl). 

UA’s standard serum value of 6.9 mg/dl was used as the 
cut-off value of UA. Hyperuricemia was defined as serum 
UA levels >6.9 mg/dl and hypouricemia was defined as 
serum UA levels <6.9 mg/dl in patients. UCR cut-off value 
was calculated by dividing the standard UA value by the 
standard creatinine value (1.33 mg/dl) and was found to be 
5.16. UCR for each patient was calculated separately. A 
high UCR value was defined as UCR >5.16, on the contra-
ry, a low UCR value was defined as UCR<5.16.

FEV1 (%) value was detected from the results of post-bron-
chodilator spirometry (Maester Scope PC pulmonary 
spirometer, Jaeger) performed in a 6-month period before 
the hospitalization date at the hospital database system. 
The patient was staged based on the GOLD diagnosis and 
treatment COPD guidelines as mild (FEV1≥80%), moderate 
(50%<FEV1<80%), severe (30%<FEV1<50%), and very 
severe (FEV1<30%) (1).

Survival status was obtained from the death notification sys-
tem by scanning with identification number of a patient on 
the date of 31.12.2020. Minimum 2-year (maximum 6-year) 
survival times of the patients were calculated in months by 
subtracting the examination date from the date of death and 
dividing the result by 12.

Statistical Analysis

The IBM SPSS Statistics 24.0 (SPSS Inc., Chicago, IL, 
USA) program was used to analyse the results. Accord-
ing to the Kolmogorov-Smirnov test of normality results, 
an unpaired t-test was used to compare normal distribu-
tion scales while a Mann-Whitney U test was performed to 
compare non-normal distribution scales. Since the mortality 
variable (the dependent variable) is a categorical variable 
as alive and death; Logistic regression analysis was used 
to examine the effect of UA, UCR, leucocyte, CRP values 
on mortality. In the comparision of categorical variables, 
Chi-square independence test was performed, and Fisher’s 
Exact Test values were used. Cox regression analysis was 
used to examine the cause and effect between life expec-

Table 1: Uric acid levels, Uric acid to creatinine ratios, 
inflammatory parameters, pO2 levels and GOLD stages of 
Patients with Acute Exacerbations of Chronic Obstructive 
Pulmonary Disease

Findings, n (%)

UA (mg/dl)
Low (< 6.9) 87 (82.9)
High (≥ 6.9) 18 (17.1)
Total 105 (100.0)

UCR
Low (≤ 5.16) 26 (24.8)
High (> 5.16) 79 (75.2)
Total 105 (100.0)

WBC (mcL)
Normal (4-10) 56 (53.3)
High (> 10) 49 (46.7)
Total 105 (100.0)

CRP (mg/L)
Normal (≤ 3) 12 (11.4)
High (> 3) 93 (88.6)
Total 105 (100.0)

pO2 (mmHg)

< 40 8 (7.6)
40-59 73 (69.5)
> 59 24 (22.9)
Total 105 (100.0)

GOLD stages

Gold 2 11 (10.8)
Gold 3 42 (41.2)
Gold 4 49 (48.0)
Total 102 (100.0)

UA: Serum uric acid, UCR: Serum uric acid to creatinine ratio, n: 
Number of patients, CRP: C-reactive protein, pO2: Partial Oxygen 
pressure, GOLD: Global Initiative for Chronic Obstructive Lung 
Disease.
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CVD. Patients without DM, HT, and CVD had low UA and 
high UCR. There were no significant correlations between 
UA level and comorbidities such as DM, HT, CVD (p=0.136, 
p=0.119, p=0.537, respectively).Also UCR with DM, HT, and 
CVD (p=0.636,  p= 0.094, p=0.701, respectively) (Table 4).

(Table 2). Therefore, it was concluded that patients with 
high UA levels were 2.2 times more likely to die than those 
with low UA levels (Figure 1). There was no significant dif-
ference between patients with a UCR value below 5.16 and 
those with a UCR value above 5.16 observed in the results 
obtained from COX regression analysis of UCR and long-
term mortality (p=0.053) (Figure 2).

While a significant correlation between low UA level and 
low pO2 was found (p=0.022), no significant correlation 
between UCR and pO2 was found (p=0.094). There were 
no influences of UA and UCR on FEV1 (p=0.677, p=0.571, 
respectively). UA and GOLD 2, 3, 4 stages were not asso-
ciated (p=0.582, p=0.591, p= 0.534, respectively). UCR 
had no influence on GOLD 2, 3, and 4 stages (p= 0.537, p= 
0.278, p=0.359, respectively) (Table 3). 

Concerning patients’ comorbidities, eight (7.6%) of the 
patients had DM, 24 (22.9%) had HT, and 23 (21.9%) had 

Table 2: Correlation of Uric Acid and Uric Acid to Creatinine 
Ratio with Mortality in Patients with Acute Exacerbations of 
Chronic Obstructive Pulmonary Disease

B Exp(B)
%95 CI for Exp(B)

p
Lower Upper

UA (mg/dl) 0.782 2.19 1.16 4.12 0.016*
UCR 0.747 2.11 0.99 4.50 0.053

Figure 1: Cox regression analysis of serum uric acid and 
mortality according to survival time.

Table 3: Comparison of FEV1, GOLD stages and pO2 with serum Uric Acid and Uric Acid to Creatinine Ratio

UA (mg/L) UCR
Low UA < 6.9 High UA ≥ 6.9 p Low UCR ≤ 5.16 High UCR>5.16 p

FEV1
n=104

n (%) 86 (82.7) 18 (17.3)
0.677

26 (25.0) 78 (75.0)
0.5711Avg. 32.97 33.79 32.01 33.47

min-max 8.80-77.50 20.80-54.40 13.90-60.40 8.80-77.50

GOLD 2
n=102

0, n (%) 76 (89.4) 15 (88.2)
0.582

22 69 (89.6)
0.53721, n (%) 9 (10.6) 2 (11.8) 3 8 (10.4)

Total 85 (83.3) 17 (16.7) 25 77 (75.5)

GOLD 3
n=102

0, n (%) 51 (60.0) 9 (52.9)
0.591

17 43 (55.8)
0.27821, n (%) 34 (40.0) 8 (47.1) 8 34 (44.2)

Total 85 (83.3) 17 (16.7) 25 77 (75.5)

GOLD 4
n=102

0, n (%) 43 (50.6) 10 (58.8)
0.534

11 42 (54.5)
0.35921, n (%) 42 (49.4) 7 (41.2) 14 35 (45.5)

Total 85 (83.3) 17 (16.7) 25 77 (75.5)

pO2
(mmHg)
n=105

≤ 59, n (%) 71 (81.6) 10 (55.6)
0.022*

23 58 (73.4)
0.0942> 59, n (%) 16 (18.4) 8 (44.4) 3 21 (26.6)

Total 87 (82.9) 18 (17.1) 26 79 (75.2)
UA: Serum uric acid, UCR: Serum uric acid to creatinine ratio, n: Number of patients, FEV1: Forced expiratory volume in 1 second is the 
volume expired in the first second of maximal expiration after a full inspiration (useful measure of how quickly the lungs can be emptied), 
Avg: Average, GOLD: Global Initiative for Chronic Obstructive Lung Disease, pO2: Partial Oxygen pressure, p1: Mann Whitney U Testi; p2: 
Fisher’s Exact Test, *p<0.05: Significant.
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improve the benefit of current treatments for an individual 
patient (12,13). 

A significant association between hyperuricemia and long-
term mortality (2-6 years) was observed in the present 
study. Similarly, two previous studies have declared that 
UA is a predictor for mortality in AECOPD: 30-day mortal-
ity predictor in one study (14) and 1-year mortality in the 
other (15). Moreover, UA level has been determined higher 
in deceased COPD patients than in survived patients with 
AECOPD in a recent study (16). In contrast to the four stud-
ies mentioned above, hyperuricemia has not shown any 
significant association with either mortality or risk of future 
acute exacerbation in a study including 240 male patients 
(17). Obesity, elder age, and male gender are the factors 
that increase UA level (18,19). So that, various populations 

UA, UCR, WBC, and CRP variables were evaluated as cat-
egorical variables. According to the results of the univariate 
logistic regression analysis of inflammatory parameters with 
mortality (shown in Table 5), it was observed that the asso-
ciations between UCR, WBC, CRP variables and mortality 
were non-significant (p=0.051, p=0.091, p=0.662, respec-
tively), while a high UA level had a significant correlation 
with mortality (p=0.027). 

 DISCUSSION

COPD management covers many different approaches 
such as smoking cessation, physical exercise, vaccina-
tions, patient education, and pharmacological treatment 
(1). Identification of clinical and laboratory characteristics 
predicting poor prognosis and mortality is also a guide to 

Figure 2: Cox regression analysis of serum uric acid/creatinine 
and mortality according to survival time.

Table 4: Comparison of Diabetes Mellitus, Hypertension, Cardiovascular Disease with Uric Acid and Uric Acid to Creatinine Ratio

UA (mg/dl) UCR
Low UA<6.9 High UA≥6.9 p Low UCR≤5.16 High UCR>5.16 p

DM
n=105

No, n (%) 82 (94.3) 15 (83.3)
0.136

24 (92.3) 73 (92.4)
0.636Yes, n (%) 5 (5.7) 3 (16.7) 2 (7.7) 6 (7.6)

Total 87 (82.9) 18 (17.1) 26 (24.8) 79 (75.2)

HT
n=105

No, n (%) 70 (80.5) 11 (61.1)
0.119

23 (88.5) 58 (73.4)
0.094Yes, n (%) 17 (19.5) 7 (38.9) 3 (11.5) 21 (26.6)

Total 87 (82.9) 18 (17.1) 26 (24.8) 79 (75.2)

CVD
n=105

No, n (%) 69 (79.3) 13 (72.2)
0.537

21 (80.8) 61 (77.2)
0.701Yes, n (%) 18 (20.7) 5 (27.8) 5 (19.2) 18 (22.8)

Total 87 (82.9) 18 (17.1) 26 (24.8) 79 (75.2)
UA: Serum uric acid, UCR: Serum uric acid to creatinine ratio, DM: Diabetes mellitus, HT: Hypertension, CVD: Cardiovascular disease, n: 
Number of patients, p: Fisher’s Exact Test, *p<0.05: Significant

Table 5: Univariate Logistic Regression Analysis of 
Inflammatory Parameters with Mortality

Mortality Exp(B) / OR
95% CI for EXP(B)

p
Lower Upper

UA (mg/dl) 3.51
1.15 10.72

0.027*

Constant 1.39 0.250

UCR 2.55
1.00 6.56

0.051

Constant 0.71 0.155

WBC (mcL) 0.51
0.23 1.11

0.091

Constant 0.89 0.544

CRP (mg/L) 0.76
0.23 2.57

0.662

Constant 0.82 0.519
CI: Confidence interval, Exp(B): Adjusted odds ratio, UA: Serum 
uric acid, UCR: Serum uric acid to creatinine ratio, CRP: C-reactive 
protein, *p<0.05: Significant correlation.
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been associated with the presence of airflow obstruction in 
a general population in Japan (28). However, no correla-
tions were found between UA and UCR and FEV1, GOLD 
stages in this study. The contrast of the present study with 
other studies on these issues may be due to a small sample 
of AECOPD patients.

Similar to a previous study (29), levels of CRP and WBC 
had no prognostic values in severe COPD patients in this 
study. Also, another study has shown that there is no corre-
lation between CRP and long-term mortality in patients with 
AECOPD (30). However, a 2006 study with a large patient 
population has concluded CRP is associated with mortality 
(31). Today, it is known that CRP is a nonspecific acute 
phase reactant that increases in a large range of diseases. 
And one of the causes of AECOPD is pneumonia which may 
increase CRP and WBC. Additionally, COPD disease also 
defined as a metabolic syndrome, may accompany many 
comorbidities that can increase CRP. Based on these, we 
hypothesize that CRP and WBC show the activity of COPD 
but can not predict poor prognosis.

The most important limitation of the study was its retro-
spective design. Patients had a large range of ages (40-86 
years), and this study included a small number of female 
patients (n=8, 6%). Body mass index data were not availa-
ble in the hospital database system. Additionally, mild and 
severe COPD patients could not be assessed according 
to the variables because, as expected the distribution of 
patients with AECOPD was intensified in advanced stag-
es (GOLD stages 3 and 4). There was no study patient in 
GOLD stage 1. 

UA appeared as a long-term mortality predictor of AECOPD 
but UCR did not appear as a long-term mortality predictor 
in this study. UA is a common, inexpensive, and rapid-re-
sulting biochemical serum parameter today. The use of UA 
as a biomarker for poor prognosis in COPD patients will 
also provide advantages in these aspects. We suggest that 
UA can be used cost-effectively to identify high-risk COPD 
patients who require frequent clinical follow-up and intense 
management. Prospective studies on this issue should be 
performed on more homogeneous larger patient popula-
tions in terms of weight, age, and gender. And samples of 
serum should be taken at the same period of the day in 
order not to be affected by nocturnal increased hypoxemia 
in patients with COPD.
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of the patients (all patients were male in the last sudy) may 
be responsible for this contrast. However, the clinical states 
of patients in the first and last-mentioned studies were sta-
ble that differs from the other studies.

No significant association between UCR and mortality sim-
ilar to the outcome of this study was observed in a 2018 
study (10). A study conducted in Japan on patients with 
COPD receiving home oxygen therapy has shown that mor-
tality is significantly higher in those with a higher increase in 
UCR (20). In another study, UCR was declared as a better 
COPD predictor than UA, and multiparameter inflammatory 
models with UCR was declared as better diagnostic charac-
teristics (21). This issue is still controversial in the literature, 
to which our findings have contributed.

Hyperuricemia is a valuable biomarker for hypoxemia 
caused by respiratory diseases such as obstructive sleep 
apnoea syndrome (OSAS) and AECOPD (3, 22). Con-
troversely, hypouricemia was correlated with hypoxemia 
in this study. UA is an end product of the catabolism of 
purine nucleotides arising from endogenous (nucleic acids 
and internal pool of purine nucleotides, mostly adenosine 
triphosphate [ATP]) and exogenous (dietary purines such 
as red meat, high-fat dairy, seafood products, and alcohol) 
sources (23). As mentioned above increased serum UA lev-
el is correlated with elder age and male gender (18), but 
the distribution of age and gender were heterogeneous in 
the present study. For these reasons, UA level and UCR in 
patients with AECOPD with hypoxemia might be influenced. 
Furthermore, we hypothesise that endogenous UA produc-
tion was decreased in patients with severe exacerbations.

Several researchers suggested using the nocturnal increase 
in urinary UCR for detection of sleep hypoxemia in both 
OSAS and COPD according to the results of their studies 
(24,25). Whereas serum UCR had no significant influence 
on hypoxemia in this study. Nocturnal desaturation and 
increased nocturnal hypoxemia can be occurred mostly in 
patients with COPD in advanced stages (26). But, the UA 
level used in the calculation of UCR in this study was meas-
ured in serum and during daylight and night, which differed 
from the two studies mentioned.

Hyperuricemia has been associated with HT and both UA 
and UCR in patients with malignancies have been found 
significantly higher in a cohort Turkish study including sta-
ble COPD patients (27). A Croatian study team (21) has 
found that COPD patients with CVD have significantly high-
er UA, but not UCR. Also, they have found that UA and 
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