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ABSTRACT  Serum uric acid is increased in respiratory disease, especially in the presence of hypoxia and
systemic inflammation. We evaluated serum uric acid as a biomarker for prediction of mortality and future
acute exacerbation of chronic obstructive pulmonary disease (AECOPD).

Serum uric acid was measured in 314 eligible consecutive patients on admission for AECOPD. Patients
were evaluated monthly for 1 year.

Uric acid levels were higher in patients with more severe airflow limitation and in those experiencing
frequent exacerbations. High uric acid levels (>6.9 mg-dL™) were an independent predictor of 30-day
mortality in multivariate Cox regression analysis (HR 1.317, 95% CI 1.011-1.736; p=0.044), but not of
1-year mortality. Patients with high serum uric acid required more prolonged hospitalisation, and more
often needed noninvasive ventilation and admission to the intensive care unit within 30 days. In addition,
high uric acid levels were associated with increased risk and hospitalisation for AECOPD in 1 year in
multivariate Poisson regression analysis (incidence rate ratio 1.184 (95% CI 1.125-1.246) and 1.190 (95%
CI 1.105-1.282), respectively; both p<<0.001).

Serum uric acid is associated with increased 30-day mortality and risk for AECOPD and hospitalisations
in 1-year follow-up. This low-cost biomarker may be useful in the identification of high-risk chronic
obstructive pulmonary disease patients that could benefit from intensive management.
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Introduction

Chronic obstructive pulmonary disease (COPD) is one of the leading causes of morbidity and mortality
with increasing prevalence worldwide [1]. An acute exacerbation of COPD (AECOPD) is characterised by a
significant change in symptoms that is acute in onset and may warrant a change in regular medication [1].
Some COPD patients are particularly susceptible to exacerbations, and this has a negative impact on
survival [2].

Serum uric acid is the final product of purine degradation [3], which increases significantly during hypoxia
[4]. Elevated uric acid levels have been associated with the presence of systemic inflammation [5] and
increased cardiovascular risk [6]. In this context, increased levels of uric acid have been shown in respiratory
disorders, including obstructive sleep apnoea [7] and pulmonary hypertension [8]. In COPD, cigarette
smoke induces oxidative stress and lung inflammation, resulting in lung tissue damage and decline of
pulmonary function [1]. Impairment of pulmonary function reduces oxygen intake, resulting in tissue
hypoxia which is more prominent during AECOPD. Serum uric acid levels have been associated with the
presence of airflow obstruction in a general population in Japan [9], whereas a small cross-sectional study
showed significant associations between serum uric acid to creatinine ratio and spirometry values and
dyspnoea in COPD patients [10]. Despite the above evidence, to date, no study has evaluated the role of uric
acid levels on admission for acute exacerbations of COPD on the outcome of exacerbation and the long-
term survival and exacerbation frequency of COPD patients.

The aim of the present prospective cohort study was to evaluate the possible role of serum uric acid as a
biomarker for the prediction of the outcome of patients hospitalised for AECOPD. The primary end-points
were all-cause mortality at 30 days and 1 year. Secondary outcomes included the duration of
hospitalisation, the time to the first AECOPD and hospitalisation for acute exacerbation of COPD, and
the frequency of those events in 1-year follow-up. Finally, we evaluated associations of serum uric acid levels
with clinically relevant parameters in COPD patients. Preliminary results from this study have been
reported previously [11].

Methods

Patients

We enrolled consecutive patients admitted for AECOPD to the respiratory medicine department of the
Amalia Fleming General Hospital (Athens, Greece) between November 2008 and December 2010. All
subjects were current or ex-smokers (>20 pack-years) with a previous diagnosis of COPD by a respiratory
physician. Patients with other acute respiratory conditions, a history of respiratory disorders other than
COPD, inability or unwillingness to cooperate with the investigators, or without available spirometry data
were excluded. In addition, we excluded patients with chronic comorbidities that significantly influence uric
acid levels (i.e. chronic renal failure, severe liver dysfunction or malignancies). All patients were invited to
participate in the present study on the first day of admission to the respiratory ward by a study investigator,
who allowed them enough time to decide and assured them that their care would not be affected by their
decision to participate in the study. The study protocol was approved by the local ethics committee and all
participants provided written informed consent.

Study design

Patient demographics were recorded, including age, sex, body mass index (BMI), smoking habit, treatment
prior to admission and comorbidities, with special emphasis on cardiovascular disease (hypertension,
coronary artery disease, congestive heart failure, arrhythmias or stroke) and calculation of Charlson’s
comorbidity index score [12]. Clinical parameters were recorded on admission, including vital signs, level of
dyspnoea (Borg and modified Medical Research Council (MRC) scales) and arterial blood gases (pH,
arterial carbon dioxide tension, arterial oxygen tension (Pa0O,) and arterial oxygen saturation). Blood
samples were collected from each patient at the time of admission to the emergency department and prior
to the initiation of any treatment for serum uric acid and standard laboratory measurements (complete
blood count, serum creatinine and C-reactive protein (CRP)). Decisions on treatment and discharge were
made by attending physicians not involved in this study, according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) guidelines [1]. The diagnosis and classification of airflow limitation was
based on post-bronchodilator spirometry in a stable condition, i.e. in the previous 6 months and >4 weeks
prior to admission from the patients’ records or 4-8 weeks after discharge, according to GOLD guidelines
(patients were classified as GOLD stages 1-4) [1].

Patients were evaluated on admission and at discharge by the study investigators and were followed up for
1 year by monthly telephone interviews. In those interviews, a study investigator recorded the patients’ vital
status and the numbers of new AECOPD (defined as need for antibiotics and/or oral corticosteroids, visits
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to the emergency department and/or hospitalisations). The recording of hospitalisations for AECOPD was
based on self-reporting of patients and was confirmed by hospital records where necessary. In the event that
a patient could not be reached by a regular monthly communication, every effort was made to obtain all the
necessary information on a following communication. Patients with two or more exacerbations per year
were defined as frequent exacerbators [13].

Study outcomes

The primary end-points were all-cause mortality at 30 days and 1 year. Secondary outcomes included
duration of hospitalisation, need for mechanical ventilation and time to the first AECOPD and
hospitalisation for AECOPD, as well as the frequency of those events in 1 year.

Statistical analysis

Data are presented as n (%) for categorical variables, mean + sp for normally distributed values and median
(interquartile range (IQR)) for skewed numerical variables. Comparisons between groups were performed
using Chi-squared tests and unpaired t-tests or Mann—Whitney U-tests. Correlations were performed with
Spearman’s rank correlation coefficient.

A power analysis was performed using the PS Power and Sample Size Calculation programme (http://
biostat.mc.vanderbilt.edu/PowerSampleSize) based on data from a previous study by Hoiseth et al. [14].
Briefly, a minimum number of 60 participants would be required in the high uric acid group in order to
achieve a type I error probability of 0.05 with 80% power for a relative mortality ratio of 0.58 between
patients with high and low uric acid levels for a median follow-up of 1.9 years and a median survival of
50 months after hospitalisation for acute exacerbation of COPD [15].

For the analysis of the primary objective, survival analyses and Cox and Poisson regression analyses were
implemented. In detail, the times to death, first AECOPD and hospitalisation for acute exacerbation of
COPD according to the presence or absence of elevated serum uric acid levels were evaluated with Kaplan—
Meier survival curves and log-rank tests. AECOPD and hospitalisations are both reported as the proportion
of patients undergoing an event as well as the mean number of events per patient per year.

Receiver operating characteristics (ROC) curve analysis was performed for the evaluation of the
performance of serum uric acid in the prediction of 30-day mortality. Cox regression univariate and
multivariate analyses were performed in order to evaluate the influence of serum uric acid levels on 30-day
and 1-year mortality. Significant confounders evaluated in Cox regression analyses included age, BMI, sex,
current smoking status, Charlson score and GOLD stage. Results are presented as hazard ratios with 95%
confidence intervals (CI). Poisson regression univariate and multivariate analyses were additionally
performed in order to account for variability in exacerbation rates between patients [16]. Results are
presented as incidence rate ratios (IRR) with 95% CI. The previously mentioned significant confounders
were additionally evaluated in the Poisson analysis and the results are presented as IRR with 95% CI.
Skewed data were logarithmically transformed for regression analyses. P-values <0.05 were considered
statistically significant. Data were analysed using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL, USA) and
MedCalc 9 (MedCalc Software, Mariakerke, Belgium).

Results

We evaluated 426 consecutive patients admitted for AECOPD and 314 were eligible for inclusion in the
present study. The flow chart of study participants is shown in figure 1. The demographic characteristics of
the 314 patients who were included in data analysis are presented in table 1. Patients were divided into two
groups according to the presence of serum uric acid levels above or below the median value (>6.9 mg-dL™
n=148 or <6.9 mg-dL™' n=166, respectively). Patients with high serum uric acid levels had more severe
airflow obstruction, more comorbidity, more severe dyspnoea and more impaired oxygenation compared to
patients with low serum uric acid levels.

Median (IQR) serum uric acid levels on admission were higher in patients with more severe airflow
limitation (6.5 (6.2-6.8) mg-dL™, 6.6 (6.3-6.9) mg-dL™', 7.5 (6.8-8.6) mg-dL"' and 8.6 (8.1-9.7) mg-dL™
for GOLD stages 1-4, respectively; p<<0.001) (fig. 2a). Patients classified as GOLD stages 1 and 2 had
significantly lower uric acid levels compared to patients in stages 3 and 4 (6.6 (6.3-6.9) mg-dL™" and 7.8
(7.0-8.9) mg-dL"', respectively; p<0.001). Furthermore, uric acid levels were higher in frequent (n=170)
compared to nonfrequent (n=144) exacerbators (7.7 (6.7-8.8) mg'dL'1 versus 6.6 (6.3-6.9) mg~dL’1,
respectively; p<<0.001) (fig. 2b). Furthermore, patients with cardiovascular comorbidities had higher
uric acid levels compared to those without cardiovascular comorbidities (7.8 (6.8-8.8) mg-dL’1 versus 6.6
(6.3-6.9) mg-dL™", respectively; p<0.001).
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426 patients were
screened

68 patients did not meet the inclusion criteria:
28 had a diagnosis of acute conditions other than AECOPD
26 had significant confounding comorbidities
14 did not have spirometry data available

v
358 were eligible for
inclusion in the study

44 patients were additionally excluded
27 refused to participate
17 were lost to follow-up

v
314 were included
in the analysis

FIGURE 1 Flow chart of the study participants. AECOPD: acute exacerbations of chronic obstructive pulmonary disease.

Serum uric acid levels and associations with clinically relevant outcomes

Associations of serum uric acid levels on admission with clinically relevant outcomes are presented in
table 2. Serum uric acid levels presented positive correlations with Charlson comorbidity index score, Borg
dyspnoea score, serum CRP and length of hospitalisation, as well as negative correlations with BMI, forced
expiratory volume in 1s (FEV1) % predicted and PaO,/inspiratory oxygen fraction (FIO,) ratio. The
scatterplot of serum uric acid and FEV1 % pred is presented in figure 2c.

A comparison of clinical outcomes at 30 days and 1 year in patients with low and high serum uric acid
levels on admission is presented in table 3. Patients with high serum uric acid levels required more
prolonged hospitalisation and presented higher rates of 30-day and 1-year mortality. Moreover, patients

TABLE 1 Patient demographics

All Low uric acid High uric acid p-value
<6.9 mg-dL™" >6.9 mg-dL™’

Subjects 314 166 148
Male 284 (90.4) 147 (88.6) 137 (92.6) 0.253
Age years 72 (67-78) 73 (67-79) 71 (66-78) 0.245
BMI kg-m™2 26.2 (23.8-30.5) 26.4 (24.8-29.5) 26.8 (20.9-34.2) 0.228
Current smokers 83 (26) 46 (28) 37 (25) 0.610
Pack-years 72.6 (50.0-100.0) 70.0 (50.0-100.0) 60.0 (50.0-70.0) 0.096
FEV1 % predicted 37.0 (27.0-53.0) 45.0 (34.0-63.0) 32.0 (22.0-39.0) <0.001
GOLD stage

1 39 (12.4) 37 (22.3) 2 (1.4) <0.001

2 117 (37.3) 90 (54.2) 27 (18.2)

3 119 (37.9) 37 (22.3) 82 (55.4)

4 39 (12.4) 2(1.2) 37 (25)
Charlson score 2.0 (2.0-3.0) 2.0 (1.0-3.0) 3.0 (2.0-4.0) 0.009
Cardiovascular disease 177 (56.4) 57 (34.3) 120 (81.1) <0.001
Arterial hypertension 195 (62.1) 78 (47.0) 117 (79.1) <0.001
Borg dyspnoea score 6.0 (5.0-7.0) 6.0 (4.7-7.0) 7.0 (5.0-8.0) <0.001
Arterial blood gases

Pao,/Fio, mmHg 267.8 (233.3-300.0) 276.2 (242.8-308.6) 258.7 (221.4-288.9) 0.005

Paco, mmHg 40.4 (35.0-55.1) 40.1 (32.9-49.5) 32.9 (36.0-57.3) 0.020
CRP mg-L™' 3.8 (1.0-8.7) 3.2 (0.7-5.4) 5.0 (1.9-12.5) <0.001
AECOPD per patient per year 2.45 1.53 3.47 <0.001
Hospitalisations per patient per year 1.07 0.57 1.65 <0.001

Data are presented as n, n (%) or median (interquartile range), unless otherwise stated. Bold indicates statistical significance. BMI: body mass
index; FEV1: forced expiratory volume in 1's; GOLD: Global Initiative for Chronic Obstructive Lung Disease; Pa0,: arterial oxygen tension; Fl0,:
inspiratory oxygen fraction; PaC0,: arterial carbon dioxide tension; CRP: C-reactive protein; AECOPD: acute exacerbation of chronic obstructive
pulmonary disease.
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FIGURE 2 Uric acid levels on admission in the study
population according to a) airflow limitation severity
(Global Initiative for Chronic Obstructive Lung Disease
(GOLD) stage 1-4) and b) exacerbation frequency
(nonfrequent (0—1 events-year') versus frequent
(=2 events-year’l) exacerbators.) ¢) Scatterplot of
serum uric acid and forced expiratory volume in 1 s
(FEV1). Correlation was performed with Spearman’s
rank correlation coefficient (r;=-0.599, p<<0.001).
COPD: chronic obstructive pulmonary disease; %
pred: % predicted.

with high serum uric acid levels required noninvasive ventilation (NIV) and intensive care unit
(ICU) admission at 30 days more often, and had higher rates of acute exacerbations of COPD and

hospitalisations in 1 year.

Serum uric acid levels and 30-day and 1-year mortality

In ROC analysis, serum uric acid presented an area under the curve of 0.738 (95% CI 0.686-0.786) for the
prediction of 30-day mortality, with a sensitivity of 0.81 and a specificity of 0.56 for the cut-off point of
6.9 mg-dL™ (fig. 3a). Kaplan-Meier survival curves evaluating time to death within 30 days according to
serum uric acid levels are presented in figure 3b. Patients with high serum uric acid levels presented
increased mortality risk at both 30 days and 1 year compared to those with low serum uric acid levels

TABLE 2 Associations of serum uric acid levels with clinically relevant outcomes

rs coefficient p-value
Age years -0.563 0.320
Charlson score 0.117 0.039
BMI kg-m™2 -0.071 0.209
FEV1 % predicted -0.599 <0.001
Borg dyspnoea score 0.332 <0.001
Arterial blood gases
Pa0,/Fio, mmHg -0.188 0.001
Paco, mmHg 0.165 0.003
Hospitalisation days 0.630 <0.001
Serum CRP mg-L™’ 0.287 <0.001

Bold indicates statistical significance. rs: Spearman’s rank correlation coefficient; BMI: body mass index; FEV1:
forced expiratory volume in 1 s; Pa0,: arterial oxygen tension; Fi0,: inspiratory oxygen fraction; PaC0,: arterial

carbon dioxide tension; CRP: C-reactive protein.

47



COPD | K. BARTZIOKAS ET AL.

TABLE 3 Comparison of clinical outcomes at 30 days and 1 year in patients with low and high
serum uric acid levels

Low uric acid High uric acid p-value
<6.9 mg-dL™ >6.9 mg-dL”’
Subjects n 166 148
Length of hospital stay days 4.0 (3.0-6.0) 9.0 (6.0-13.0) <0.001
Deaths within 30 days 5 (3) 22 (14.9) <0.001
ICU admission within 30 days 4 (2.4) 24 (16.2) <0.001
Need for NIV within 30 days 21 (12.6) 56 (37.8) <0.001
Deaths within 1 year 8 (4.8) 21 (14.2) 0.004
AECOPD within 1 year 1.0 (0.0-2.0) 3.0 (2.0-5.0) <0.001
Hospitalisations for AECOPD within 1 year 0.0 (0.0-1.0) 1.0 (0.0-3.0) <0.001

Data are presented as median (interquartile range) or n (%), unless otherwise stated. Bold indicates statistical
significance. ICU: intensive care unit; NIV: noninvasive ventilation; AECOPD: acute exacerbation of chronic
obstructive pulmonary disease.

(p<<0.001 and p=0.004, respectively, by log-rank test). In univariate Cox regression analyses, serum uric
acid ratio was associated with increased risk of 30-day and 1-year mortality (table 4). However, in the
multivariate analysis, the serum uric acid ratio remained an independent predictor of 30-day mortality (HR
1.317, 95% CI 1.011-1.736; p=0.044), but was not an independent predictor of 1-year mortality (HR 1.186,
95% CI 0.925-1.521; p=0.179).

Serum uric acid levels and AECOPD and hospitalisations at 1-year follow-up

Kaplan—Meier survival curves evaluating the time to first AECOPD and hospitalisation for AECOPD
according to the levels of serum uric acid on admission are presented in figure 4 (p<<0.001 for both
comparisons by log-rank test). In univariate Poisson regression analyses, serum uric acid levels were
associated with a higher risk of AECOPD and hospitalisation for AECOPD (table 5). In the multivariate
analyses, serum uric acid levels remained an independent predictor of a higher risk for AECOPD (IRR 1.184,
95% CI 1.125-1.246; p<<0.001) and for hospitalisations for AECOPD (IRR 1.190, 95% CI 1.105-1.282;
p<<0.001) at 1-year follow-up.

Discussion

In the present study we have shown that serum uric acid levels on admission for AECOPD were an
independent predictor of 30-day mortality and were associated with a higher risk of AECOPD and
hospitalisations for AECOPD at 1-year follow-up. Additionally, patients with increased uric acid levels
required more prolonged hospitalisation, and more often required use of NIV and ICU admission at
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FIGURE 3 a) Receiver operating characteristic curve evaluating the diagnostic performance of serum uric acid as a predictor of 30-day mortality. Area under the
curve 0.738 (95% CI 0.686-0.786). b) Kaplan—Meier survival curves evaluating the time to death in days for patients with uric acid levels above (>6.9 mg-dL'l)

and below (<6.9 mg-dL™") the median value (p<<0.001 by log-rank test).
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FIGURE 4 Kaplan—Meier curves evaluating a) the time to first acute exacerbation of chronic obstructive pulmonary disease (AECOPD) and b) the time to first
hospitalisation for AECOPD for patients with uric acid levels above (>6.9 mg-dL’l) and below (<6.9 mg~dL’]) the median value (p<<0.001 for both comparisons
by log-rank test).

30 days. Serum uric acid levels were higher in patients with more severe airflow limitation and in frequent
exacerbators. To our knowledge, this is the first study that has assessed serum uric acid, a widely available
and rapidly measured biomarker, as a predictor of clinically important outcomes in a prospective cohort of
patients with COPD.

Several mechanisms may be involved in the presence of high uric acid levels in AECOPD. First, prolonged
hypoxaemia that is further increased during AECOPD may result in increased pulmonary artery pressures
leading to increased right ventricle afterload, which promotes purine degradation through increased
xanthine oxidase activity [17]. The negative association of serum uric acid levels with the Pa0,/Fl0, ratio in
our cohort provides support for this mechanism. Secondly, a considerable proportion of patients with
COPD have comorbid cardiovascular disease which may be related to elevated uric acid [18], further
supported by the more common cardiovascular disease in patients with increased uric acid levels in our
cohort. Thirdly, impaired pulmonary function reduces oxygen intake resulting in tissue hypoxia which is
more prominent during AECOPD, and this may lead to increased circulating uric acid levels originating
from both lung and peripheral tissue damage. Finally, COPD is characterised by systemic inflammation
[19], and elevated uric acid levels have been associated with increased levels of inflammatory markers (e.g.
CRP and interleukin-6) [20] that may be important in the outcomes of COPD patients [21, 22].

Previous studies have attempted to identify biomarkers that predict clinically relevant outcomes during
hospitalisation for AECOPD. In a previous study from our group, the measurement of several serum
biomarkers, including CRP, serum amyloid-A, tumour necrosis factor-o, interleukin-6 and fibrinogen,
failed to identify patients with early or late recovery from hospitalisation for AECOPD [23]. In a Swiss
study, StoLz et al. [24] showed that plasma pro-adrenomedullin and pro-endothelin levels were associated
with the length of hospitalisation, but only pro-adrenomedullin is a predictor of long-term survival.
Additionally, in another study from the same group, CRP and pro-calcitonin failed to predict short-term
mortality, but increased levels of copeptin were associated with increased risk of death during
hospitalisation [25]. The fact that high serum uric acid levels acted as an independent predictor of
30-day mortality suggest that this easy-to-obtain biomarker may be used to identify high-risk patients that
require more intensive treatment. A recent study evaluated a combination of clinical parameters and
biomarkers in order to identify independent predictors of outcome of hospitalisation for AECOPD and
created the multicomponent DECAF (dyspnoea, eosinopenia, consolidation, acidaemia and atrial
fibrillation) score [26]. Based on our data, serum uric acid may be evaluated as a candidate biomarker
in a multicomponent score in future studies.

Uric acid levels have been previously associated with clinical and functional characteristics in patients with
COPD in cross-sectional studies [9, 10, 27]. A Spanish study reported significant associations between
serum uric acid/creatinine ratio and FEV1, forced vital capacity and MRC dyspnoea scale [10], but included
a small sample of stable COPD subjects and no data about the outcomes of those patients. A large
population-based spirometry study in Japan observed significant associations between serum uric acid levels
and spirometry values in the general population [9], but study participants did not have physician-
diagnosed COPD. Finally, a study in 91 COPD outpatients receiving home oxygen therapy has suggested
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that serum uric acid/creatinine ratio is related to the survival of such patients [27], but the retrospective
design and selection of a specific population may reduce the generalisability of the authors’ conclusions for the
general population of COPD patients. Although all the previously mentioned studies provide evidence that
uric acid is increased in more severe disease, a population-based cross-sectional study by Nicks et al. [28]
has shown reduced uric acid levels in patients with severe COPD. This discrepancy may be related to the
differences in the origin of the populations studied, as well as to the fact that serum uric acid was measured at
the time of hospitalisation for an AECOPD, in contrast to the stable condition of the patients studied by Nicks
et al. [28]. In the present study, high serum uric acid levels were not an independent predictor of 1-year
mortality in the multivariate Cox regression analysis, despite a trend in that direction. The different
population and study designs may account for this discrepancy. However, the presence of a crude difference in
mortality risk in patients with high uric acid levels in our cohort suggests a possible role for this biomarker as a
predictor of long-term mortality which needs to be evaluated in larger studies.

We have shown that patients with increased uric acid levels presented more exacerbations in the 1-year
follow-up, in contrast to data from GARCIA-PACHON et al. [10]; the prospective design of our study may
account for this difference. This is further supported by the fact that frequent exacerbators in our study had
increased serum uric acid levels at baseline compared to nonfrequent exacerbators. AECOPD are an
important feature in the natural history of the disease and are associated with several risk factors, the most
important being previous hospital admissions for AECOPD, comorbidities, more severe disease [29] and
lower airway bacterial colonisation [30]. Recent data from the large ECLIPSE cohort suggest that the
frequent-exacerbation phenotype is more common in more severe disease [13] and this may, in part,
explain the associations between high serum uric acid levels with disease severity and exacerbation
frequency in the 1-year follow-up in our cohort. However, the fact that uric acid levels remained an
independent predictor of the risk for AECOPD and hospitalisations in the multivariate Cox regression
analysis may suggest a possible role for this biomarker in the identification of exacerbation-prone patients.

Cardiovascular disease is associated with increased morbidity and mortality in COPD [18, 31]. Elevated uric
acid levels were a strong independent marker of impaired prognosis in patients with cardiovascular disease
[32, 33]. A recent study showed that hyperuricaemia is associated with poor outcomes in heart failure
patients without chronic kidney disease but not in those with chronic kidney disease, suggesting that
hyperuricaemia may predict poor outcomes when it is related to increased xanthine oxidase activity, but not
due to impaired renal excretion of uric acid [34]. The exclusion of patients with chronic renal failure in the
present study suggests that the elevated serum uric acid levels may be associated with increased uric acid
production in our population. Some of the patients with cardiovascular comorbidities were receiving
medication known to influence uric acid levels, including aspirin or diuretics [35]. However, the fact that
serum uric acid levels continued to be an independent predictor of 30-day mortality, even after adjustment
for the presence of cardiovascular disease, further supports the possible role of uric acid as a clinically
relevant biomarker in COPD. Another important observation is that the correlation of serum uric acid with
Pa0,/HO, is statistically significant but rather weak (r,= -0.188). This finding may well be attributed to the
fact that Pa0O, values at rest or even during an exacerbation do not necessarily reflect the whole spectrum of
hypoxaemia in COPD patients. Dynamic hyperinflation and increased ventilation (V’)/perfusion (Q")
mismatching may lead to increased hypoxaemia during exercise, whereas decreased chemoreceptor
sensitivity, diminished respiratory motor output and muscle contraction, and increased airflow resistance
may be responsible for the pronounced nocturnal hypoxaemia in patients with COPD [36]. Cardiovascular
comorbidities may be another confounder in this complex association.

In the evaluation of serum uric acid levels we need to take into account that this metabolite is the end-
product of purine degradation, which increases in a very sensitive but nonspecific way in several forms of
tissue damage and inflammation, all of which are very dynamic processes in COPD patients [37, 38]. Uric
acid levels are influenced by several factors including cardiovascular disease [6], food intake [39], alcohol
consumption [40], renal dysfunction and genetic disorders of purine metabolism [6]. There are also genetic
influences in the way COPD patients react to inflammation [41] which could have an important role in
serum uric acid levels. In the present study we have excluded patients with chronic renal failure, and we
performed all analyses based on the serum uric acid ratio, but we cannot exclude other possible confounders
that may have influenced our results. However, despite these possible limitations, we believe that the data
from our cohort provide evidence for a possible role of serum uric acid as a biomarker that is associated
with disease severity and may identify patients with worse prognosis in hospitalised patients with AECOPD.
Another important observation is that the correlation of serum uric acid with Pa0,/FI0, is statistically
significant but rather weak (r;=-0.188). This finding may well be attributed to the fact that Pa0, values at
rest or even during an exacerbation do not necessarily reflect the whole spectrum of hypoxaemia in COPD
patients. Dynamic hyperinflation and increased V'/Q" mismatching may lead to increased hypoxaemia
during exercise, whereas decreased chemoreceptor sensitivity, diminished respiratory motor output and
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muscle contraction, and increased airflow resistance may be responsible for the pronounced nocturnal
hypoxaemia in patients with COPD.

The present study presents some limitations. First, we excluded 17 patients from the analysis who were lost
to follow-up early, immediately after their discharge from the hospital, due to the inability to establish
contact with them afterwards. We decided to exclude them since this was an exploratory noninterventional
study evaluating the possible role of serum uric acid as a predictor of clinically relevant outcomes which we
wanted to capture accurately. Moreover, the overall demographics of those patients did not differ from the
patients included in the analysis (15 (88.2%) male, median age 73 years, 24% current smokers, median
FEV1 42% pred). Therefore, we believe that their exclusion has not significantly affected our results.
Secondly, we do not have sufficient data about the previous history of AECOPD in our population.
However, we believe that the prospectively collected data are more appropriate in order to characterise our
patients as frequent exacerbators in the year of follow-up. Thirdly, our study design, involving monthly
follow-up by telephone interview, may have led to the under-reporting of some events (AECOPD and/or
hospitalisations) during follow-up. However, study investigators have made every effort to collect quality
data, using hospital and/or patient records where necessary. Finally, for the same reason, we were not able to
collect high-quality data on cause-specific mortality. However, the meticulous follow-up of our patients has
accurately evaluated the time to death in all our deceased patients, therefore providing robust data
regarding the time to death and all-cause mortality.

In conclusion, in the present study we have shown that serum uric acid levels on admission for an AECOPD are
associated with increased 30-day mortality and increased risk of AECOPD and hospitalisation for acute
exacerbations of COPDin 1 year. Our results, combined with the fact that serum uric acid is a widely and rapidly
available, easy to interpret, low-cost biomarker, suggests a possible role for serum uric acid in the identification
of COPD patients at increased risk of adverse outcomes that may need early intensive management.
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