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BACKGROUND: Microalbuminuria, used as a marker of endothelial dysfunction, is a predictor of
mortality for any reason and of cardiovascular events. Recent research on the management of
COPD has focused more on comorbidities, including cardiovascular events. The objective of this
study was to investigate the incidence of microalbuminuria and whether it is associated with
physiological and clinical features in a subject group that was classified in line with the new version
of the Global Initiative for Chronic Obstructive Lung Disease stages. METHODS: The study
included 105 stable subjects with mild to very severe COPD. The urinary albumin/creatinine ratio
was calculated using a previously defined formula. The presence of microalbuminuria was accepted
as a urinary albumin/creatinine ratio =20 in males and =30 in females. RESULTS: Urinary
albumin/creatinine ratios were significantly higher in subjects grouped as having more symptoms
and high future risk than in those with fewer symptoms and low future risk. In addition, significant
differences were observed when the subjects were grouped based on P,, (=65 mm Hg vs
>65 mm Hg), P,co, (=41 mm Hg vs >41 mm Hg), arterial oxygen saturation (=92% vs >92%),
and median split C-reactive protein (=4.6 mg/L vs >4.6 mg/L). Pearson correlation analysis re-
vealed that the urinary albumin/creatinine ratio was significantly inversely correlated with percent-
of-predicted FEV, (r = —0.56, P = .001), percent-of-predicted S, (r = —0.48, P = .001), and P,
(r = 0.60, P = .001). A positive correlation was also found between urinary albumin/creatinine ratio
and COPD assessment test scores (r = 0.53, P = .001). CONCLUSIONS: The results of this study
indicate a strong relationship between microalbuminuria and cardiovascular events in subjects with
COPD, particularly in subjects with more symptoms and high future risk. Therefore, microalbu-
minuria should be regularly monitored in this subgroup of subjects with COPD for risk of cardio-
vascular morbidity or mortality. Key words: COPD; microalbuminuria; severity of illness; scoring
system. [Respir Care 2017;62(3):307-314. © 2017 Daedalus Enterprises]

Introduction

COPD is an important cause of morbidity and mortality
throughout the world. The mortality rate of COPD is in-
creasing, and this disease is estimated to become the third
leading cause of death worldwide by 2020.! The complex-
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ity of COPD makes a comprehensive evaluation necessary
for its management.

COPD is a heterogenic disease with both pulmonary
and extrapulmonary symptoms characterized by long-term
poor air flow. In particular, cardiovascular disease remains
one of the leading causes of mortality and morbidity in
subjects with COPD, independent of the well-recognized
risk factors, including age, sex, and smoking status.?
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Microalbuminuria is one of the precise indicators of
cardiovascular risk.>* A consistent association has been
shown between the presence of microalbuminuria and poor
cardiovascular outcomes in subjects with hypertension and
diabetes mellitus and, most importantly, in the general
population.>¢ Studies conducted on the epidemiology of
microalbuminuria have reported a close association be-
tween vascular disease and systemic endothelial dysfunc-
tion and have also suggested glomerular endothelial dys-
function in microalbuminuria.” In one study, lower FEV,
and severity of emphysema have been shown to be corre-
lated with endothelial dysfunction.® It has been demon-
strated that microalbuminuria increases in worsening pe-
riods of COPD, suggesting an association with increased
glomerular filtration, resulting in protein leakage because
of increased hypoxemia during COPD episodes.”

There have only been a limited number of studies in the
literature reporting a higher incidence of microalbumin-
uria in subjects with COPD compared with age-matched
controls who have a smoking pack-year value >10, with
no comorbidities such as hypertension, diabetes mellitus,
renal disease, cardiovascular disease, or malignancy in both
groups.® ' However, to the best of our knowledge, there is
still no study investigating the association of microalbu-
minuria with COPD assessment test scores and the risk of
exacerbation based on the new version of the Global Ini-
tiative for Chronic Obstructive Lung Disease (GOLD)
stages.!'? Therefore, in this study, we aimed to investigate
the association between microalbuminuria and the new
version of GOLD stages and to evaluate the clinical fea-
tures that may predict cardiovascular risk in subjects with
COPD.

Methods
Study Population and Study Design

The study was approved by the local ethics committee
of Sutcu Imam University, and all participants gave writ-
ten consent. A total of 105 subjects with COPD with a
wide range of air-flow limitation from Necip Fazil State
Hospital were enrolled in the study. The diagnosis of COPD
was confirmed with the GOLD 2011 guidelines. The dis-
ease was classified in line with the new version of GOLD
staging (classes A-D).!'2 GOLD guidelines recommend the
COPD assessment test or the Modified Medical Research
Council dyspnea scale in evaluation of the symptoms.!'3
The COPD assessment test comprises 8 items scored from
0 to 5 points, including the severity of cough, phlegm,
chest tightness, dyspnea, capacity for activities and exer-
cise, confidence, sleep quality, and energy levels,!# whereas
the Modified Medical Research Council dyspnea scale is a
quantitative tool that evaluates only breathlessness. In this
study, the COPD assessment test was applied through face-
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Current knowledge

COPD is a preventable and treatable disease with some
significant extrapulmonary effects that could be of in-
terest in terms of COPD management. Cardiovascular
diseases are a major cause of mortality in COPD, par-
ticularly in patients with mild to moderate severity.
Recent studies have demonstrated that the urine albu-
min/creatinine ratio can be used for the prediction of
cardiovascular events. Therefore, this ratio may be of
importance to identify patients with COPD who are at
high risk of developing future cardiovascular events.

What this paper contributes to our knowledge

The results of this study suggest that, urinary albu-
min/creatinine ratio iS an important noninvasive
method to predict cardiovascular events in COPD
subgroups, and a strong correlation was observed
between microalbuminuria and Global Initiative for
Chronic Obstructive Lung Disease categories. There-
fore, it should be kept in mind in the management of
treatment that COPD subjects with more frequent
exacerbating episodes and more symptoms have a
higher cardiovascular risk.

to-face interviews by a pulmonary specialist. The subjects
with COPD were categorized as A, B, C, and D using a
combination of the COPD assessment test symptom eval-
uation test and the risk for exacerbation, which was deter-
mined by the exacerbation history within the last year and
the spirometric classification of air-flow limitation by the
GOLD grade, which is categorized by percent-of-predicted
FEV,. Category A included subjects a with low risk and
fewer symptoms; B included those with low risk and more
symptoms; C included those with high risk and fewer symp-
toms; and D included those with high risk and more symp-
toms. The management strategy was determined in accor-
dance with this classification.

Smoking history was determined by pack-years, which
were calculated by multiplying the number of packs of
cigarettes smoked per day by the number of years the
person had smoked. The questionnaire was administered
through a personal interview with a specific enquiry about
the history of smoking, current smoking status, and pack-
years of smoking. All subjects were current or ex-smokers
with a smoking history of =10 pack-years. The study
included subjects with COPD in the stable period between
30 and 74 y old who had no previous diagnosis of cere-
brovascular disease, ischemic heart disease, or peripheral
arterial disease and no clinical symptoms of these diseases
and had not been treated for these diseases; nor was there
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a diagnosis of known renal or liver diseases or malignan-
cies.

Subjects with a history of the presence of macroalbu-
minuria (urinary albumin/creatinine ratio =300 mg/g) or
previously diagnosed with diabetes mellitus; myocardial
infarction; severe congestive cardiac failure; angina pec-
toris; electrocardiographic ST-T alterations suggesting
ischemic heart disease; left bundle branch block and ar-
rhythmias; other respiratory diseases, including obstruc-
tive sleep apnea, asthma, and interstitial lung disease; acute
infections; and comorbidities, such as severe hepatic fail-
ure and malignancy were excluded from the study.

Clinical Variables

A detailed medical history and findings on physical ex-
amination were recorded for each subject. Weight and
height were measured, the body mass index value was
calculated, and spirometry was carried out in line with
international guidelines (American Thoracic Society/Eu-
ropean Respiratory Society).!> Arterial blood gases were
measured in the samples collected by direct arterial punc-
ture, in the morning after sitting at rest for 15 min and
breathing room air for =45 min.

Laboratory Methods

Following an overnight fast of 12 h, venous blood sam-
ples were collected from the antecubital vein to analyze
serum levels of C-reactive protein, creatinine, and urea.
The measurements of creatinine and albumin levels and
estimation of albumin excretion rates in urine were carried
out according to methods described previously. Spot mid-
stream urine was obtained in the morning from the sub-
jects who had not done any vigorous exercise in the last
48 h. The urinary levels of albumin and creatinine were
studied from the urine specimens using an immunoturbi-
dimetric method. Normoalbuminuria was defined as a urine
albumin/creatinine ratio of 0-20 mg/g for males and
0-30 mg/g for females, whereas microalbuminuria was
accepted as urinary albumin/creatinine ratio >20 mg/g for
males and urinary albumin/creatinine ratio >30 mg/g for
females.

Statistical Analysis

The subject characteristics are expressed as mean = SD
or n (%). Numerical data were tested for normality, and
then the Kruskal-Wallis test and Mann-Whitney U test
were applied for comparison of the groups. Multivariate
logistic regression analysis was performed to assess the
risk factors for urinary albumin/creatinine ratio in COPD.
Spearman’s correlation coefficients (r) were used to assess
the correlations between continuous variables (r). All sta-
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Table 1.  Characteristics of the Study Population

Characteristics Values

94/11 (89.5/10.5)
56.99 = 11.671

Male/female sex, n (%)
Age, mean = SDy

Smoking, mean = SD packs/y 32.67 £ 11.52
BMI, mean + SD kg/m? 25.74 = 3.19
GOLD subgroups, n (%)
A 29 (27.6)
B 26 (24.8)
C 12 (11.4)
D 38 (36.2)
% predicted FEV |, n (%)
=80% 12 (11.4)
50-80% 57 (54.3)
50-30% 26 (24.8)
<30% 10 (9.5)
Mean CAT score, n (%)
<10 41 (39)
=10 64 (61)
Exacerbations (total), n (%)

0-1 55(52.4)
=2 50 (47.6)
C-reactive protein, mean * SD mg/L 5.53 £3.06
P,o,, mean = SD mm Hg 66.26 = 9.8
P.co,» mean = SD mm Hg 39.76 * 6.56
UACR, mean = SD 2243 £ 747

Presence of MAB, n (%) 57 (54.3)

BMI = body mass index

GOLD = Global Initiative for Chronic Obstructive Lung Disease
CAT = COPD assessment test

UACR = urinary albumin/creatine ratio

MAB = microalbuminuria

tistical analyses were performed using SPSS for Windows
18.0 (SPSS, Chicago, Illinois) software. The level of sta-
tistical significance was set at P < .05.

Results

The study included a total of 105 subjects who met the
selection criteria. Of these subjects, 29 (27.6%) were in the
category GOLD A, 26 (24.8%) GOLD B, 12 (11.4%) GOLD
C, and 38 (36.2%) GOLD D. The characteristics of the
subjects are given in Table 1. The mean age was 56.99 y,
and 89.5% of the subjects were male. Severity of air-flow
limitation varied from mild to very severe.

A significant difference was found between the catego-
ries in terms of urinary albumin/creatinine ratio based on
the new version of GOLD staging (A-D class) (Fig. 1)
(P < .001). There were significant differences in urinary
albumin/creatinine ratio between the subjects in categories
A and B (P = .001), A and C (P = .001), A and D
(P =.001), B and C (P = .001), and B and D (P = .001)
but not between C and D (P = .31).
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Fig. 1. Urinary albumin creatinine ratio of subjects grouped ac-
cording to Global Initiative for Chronic Obstructive Lung Disease
(GOLD) categories. Upper and lower borders of boxes represent
the third and first quartiles, center lines denote the median, and
whiskers show the 5th and 95th percentiles.
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COPD subject subgroups were also compared in terms of
urinary albumin/creatinine ratio based on FEV,; GOLD stages,
FEV, (median split, <60% vs =60%), COPD assessment
test (<10 vs =10), and exacerbation history (0—1 vs =2).
Urinary albumin/creatinine ratio showed a significant differ-
ence, depending on the categories of each COPD parameter
(Table 2). Furthermore, significant differences were also ob-
served when subjects were grouped according to median split
C-reactive protein (=4.6 mg/L vs >4.6 mg/L), P,o,
(=65 mm Hg vs >65mm Hg), P,co, (=41 mm Hg vs
>41 mm Hg), and arterial oxygen saturation (=92% vs
>92%) (Table 2).

In the Pearson correlation analysis performed, the uri-
nary albumin/creatinine ratio was found to be significantly
inversely correlated with P, (r = —0.60, P = .001),
percent-of-predicted FEV, (r = —0.56, P = .001), and
percent-of-predicted arterial oxygen saturation (r = —0.48,
P = .001). There was a positive correlation between the
urinary albumin/creatinine ratio and COPD assessment test
scores (r = 0.53, P = .001) (Table 3). The urinary albu-
min/creatinine ratio value was increased as FEV, and P,
were decreased, and the COPD assessment test score in-
creased (Figs. 2—4).

In the logistic regression model, the urinary albu-
min/creatinine ratio was found to be significantly corre-
lated with FEV, (P = .046) and history of exacerbation
(P = .001). However, the urinary albumin/creatinine ratio
did not show significant correlations with age, sex,
C-reactive protein, body mass index, and smoking status
(Table 4).

Discussion

The present study aimed to investigate the association
of microalbuminuria with the new version of GOLD stag-
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Table 2. Urinary Albumin/Creatine Ratio of Subjects in COPD
Subgroups
UACR
Variables
n Mean P
FEV, (GOLD stages) .001
1 (=80%) 12 1591 = 1.70
2 (50%-80%) 57 19.26 * 5.69
3 (50%-30%) 26 28.28 +4.33
4 (<30%) 10 33.1 £6.46
FEV, (median split) .001
<60 51 25.44 + 8.26
=60 54 19.59 = 5.30
CAT .001
<10 41 18.83 x 6.11
=10 64 24.74 £ 7.39
Exacerbations .001
0-1 55 16.52 = 3.21
=2 50 28.94 =497
BMI 49
=30 14 23.12 £ 6.26
<30 91 22.33 + 7.66
C-reactive protein (median split) .001
=4.6 53 18.57 = 5.35
>4.6 52 26.37 = 7.29
P.o, .001
=65 mm Hg 63 2585 +7.16
>65 mm Hg 42 17.30 = 4.36
P.co, 01
=41 mm Hg 57 20.73 * 6.89
>41 mm Hg 48 24.45 = 7.69
pH 72
=745 61 22.15 +7.32
>7.45 44 22.82 £7.74
% predicted S,q, .001
=92 65 24.81 = 7.84
>92 40 18.56 + 4.80

UACR = urinary albumin/creatine ratio

GOLD = Global Initiative for Chronic Obstructive Lung Disease
CAT = COPD assessment test

BMI = body mass index

S40, = OXygen saturation

ing in subjects with COPD. The results of the study showed
that urinary albumin/creatinine ratio was much higher in
the subjects classified in the group with more symptoms
and high future risk compared with the group with fewer
symptoms and low future risk. The urinary albumin/cre-
atinine ratio was determined to be statistically significantly
different between the groups when classified based on
FEV,, history of exacerbations and COPD assessment test
scores.

Although there have been very few studies in the liter-
ature about microalbuminuria in subjects with COPD, there
have been some that have reported the prevalence of mi-
croalbuminuria in such subjects.”!%-16 In one of these pre-
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Table 3. Results of Spearman Correlation Analysis on All Subjects
Included in the Study
Urinary Albumin/Creatine Ratio
Variable

r P

BMI 0.14 13
Age (y) 0.29 .002
P.o, —0.60 .001
P.co, 0.34 .001
S.0, —0.48 .001
CAT 0.53 .001
Exacerbations 0.75 .001
FEV, —0.56 .001
C-reactive protein 0.55 .001

BMI = body mass index
SL\OQ = oxygen saturation
CAT = COPD assessment test

FEV,

0 10 20 30 40 50
Urinary albumin creatinine ratio (mg/g)
Fig. 2. Correlation of urinary albumin creatinine ratio and FEV, in

subjects with COPD grouped according to Global Initiative for
Chronic Obstructive Lung Disease categories (P < .001).

vious studies, the microalbuminuria level was measured in
25 subjects during exacerbations. Of these subjects, 56%
had microalbuminuria at the time of admission and 28% at
discharge, whereas this rate was only 4% in the control
group. In the same study, microalbuminuria was correlated
with hypoxemia but not with the FEV .7 In another similar
study that evaluated subjects during exacerbations, the au-
thors reported that microalbuminuria was associated with
the presence of respiratory failure. However, no spiromet-
ric measurements were performed in that study.'® In an-
other study of 33 subjects with stable COPD, 26 subjects
with exacerbation, and 16 healthy controls, the level of
microalbuminuria was significantly increased only in the
exacerbation group. However, the level of microalbumin-
uria in the stable COPD group was double that of the
control subjects.'® These results indicate that microalbu-
minuria is common in COPD and seems to increase during
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Fig. 3. Correlation of urinary albumin creatinine and COPD assess-
ment test in subjects with COPD grouped according to Global
Initiative for Chronic Obstructive Lung Disease categories
(P < .001).
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Fig. 4. Correlation of urinary albumin creatinine and P,q, in sub-

jects with COPD grouped according to Global Initiative for Chronic
Obstructive Lung Disease categories (P < .001).

exacerbations. However, in one published report, Casa-
nova et al'” demonstrated that the incidence of microalbu-
minuria was high in subjects with stable COPD and was
associated with hypoxemia independently of the other car-
diovascular risk factors. Similar results were obtained by
Bulcun et al,!8 where microalbuminuria was also associ-
ated with the severity of disease. Likewise, in the present
study, microalbuminuria was identified in 57 (54.3%) of
the subjects in the study group. Subjects with COPD in all
GOLD categories were included in the current study, and
the urinary albumin/creatinine ratio values were found to
be higher in groups C and D than in groups A and B.
Body mass index decreases in patients with severe
COPD. Morbidity and mortality increase as the body mass
index value decreases, particularly in elderly and hypoxic
subjects.!® Although a limited number of studies have found
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Table 4. Risk Factors for Cardiovascular Diseases in Subjects With

COPD: Multivariate Analysis

Risk Factors Odds Ratio 95% CI P
Age (y) —0.06 —0.14 t0 0.009 .08
Male sex —2.03 —4.70 to0 0.63 13
C-reactive protein (mg/dl) 0.02 —0.31t00.31 .89
BMI (kg/m?) 0.25 —2.10t0 2.61 .83
FEV, —0.06 —0.12 t0 0.001 .041
Exacerbations —11.48 —13.93t09.02 .001
Smoking history 0.04 —0.02t00.11 18

BMI = body mass index

an association between urinary albumin excretion rate and
obesity, other studies have found no significant correla-
tion.!7-20-22 Similarly, in the present study, no such a cor-
relation was observed between the study groups.

Smoking decreases renal blood flow, glomerular filtra-
tion rate, and filtration fraction in healthy persons, all of
which increase renovascular resistance, resulting in thick-
ening of the renal arterioles and causing renal blood flow
to be functionally disrupted. Consequently, the filtration
rate is decreased in persons with a normal glomerular fil-
tration rate. However, small repeated transient renal hy-
poperfusion episodes may damage some glomeruli and
eventually lead to structural changes, such as hyperfiltra-
tion and hypertrophy in remnant glomeruli, causing in-
creased glomerular filtration rate and albumin excretion.??
It has been argued that increased hypoxic stimulation in
endothelial cells could cause endothelial dysfunction, re-
sulting in higher microalbuminuria in smokers.?° Although
some studies have found a significant correlation between
microalbuminuria and smoking history in subjects with
COPD, others have observed no such association.®-22:24 In
the present study, no correlation was determined between
microalbuminuria and smoking history.

Increased sympathetic activity due to hypoxemia can
also play a role in capillary endothelial permeability, caus-
ing proteinuria through increased capillary permeability.
This is not influenced by altered renal tubular function,
increased blood pressure, and renal filtration rate.?> A study
performed on 102 subjects with similar serum protein lev-
els demonstrated a significant correlation between de-
creased P, level and high urinary protein excretion.!!
Vasoconstriction resulting from hypoxemia and respira-
tory acidosis-induced glomerular albumin filtration are in-
creased in patients with cor pulmonale with sleep apnea
syndrome. This mechanism may be responsible for the
short-term proteinuria seen in subjects with COPD.2¢ In a
study by Casanova et al,'” most COPD subjects with mi-
croalbuminuria were found to have hypoxemia, with the
highest values (>50 mg/g) of microalbuminuria observed
in subjects with a P, level of <70 mm Hg. Likewise, in
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the present study, the urinary albumin/creatinine ratio val-
ues of subjects were found to be much higher when the
subjects were grouped based on median split P, levels
(=65 mm Hg vs >65 mm Hg). Nevertheless, some patients
with hypoxemia may not present evidence of microalbu-
minuria, suggesting that other factors, including genetic
susceptibility to oxidative stress, may also be implicated.?’

Again in another study, COPD subjects with microalbu-
minuria were found to be statistically significantly more
hypoxic and more hypercapnic compared with COPD sub-
jects without microalbuminuria. As a result of that study,
P,0,,» which showed a negative correlation with microalbu-
minuria, was determined to be the most important predic-
tive factor.?8 In a study by Komiircuoglu et al,'® a negative
relationship was determined between microalbuminuria
identified in subjects with COPD and levels of P, and
arterial oxygen saturation, although no significant corre-
lation between microalbuminuria and levels of pH and
P.co, was observed. It was suggested in that study that
microalbuminuria could have developed as a result of in-
creased glomerular filtration due to increased hypoxemia,
eventually developing protein leakage.!® In the present
study, a significant inverse correlation was determined be-
tween urinary albumin/creatinine ratio and P, , and a pos-
itive correlation was found between urinary albumin/cre-
atinine ratio and P, .

In a study by Celli et al,>® most COPD subjects with
microalbuminuria were GOLD stage III and IV, whereas
those with no microalbuminuria were GOLD stage I and
II; the difference was statistically significant. This could
possibly be explained by impaired lung function, including
COPD, which has been associated with increased systemic
arterial stiffness. Given the relationship between abnormal
lung function and arterial stiffness, an increase in arterial
stiffness should lead to increased kinetic energy transmis-
sion to the distal microcirculation, thus resulting in micro-
vascular damage.>® Emerging evidence demonstrates that
the degree of air-flow limitation is poorly predictive of
dyspnea and quality of life.3° Therefore, the classification
of severity groups, as described by the GOLD committee,
has moved away from a linear approach based only on
degree of airway limitation to a 2-dimensional evaluation
that includes both the risk and symptom assessment.'? In
the present study, subjects with COPD were categorized
into A, B, C, and D groups, combining symptom assess-
ment by COPD assessment test scores, air-flow limitation,
and risk of exacerbation. The urinary albumin/creatinine
ratio values were found to be higher in groups C and D
than in groups A and B. In the study by Celli et al,>®
whereas Modified Medical Research Council dyspnea scale
scores were 3 and 4 in COPD subjects with microalbu-
minuria, the scores were 1 and 2 in COPD subjects without
microalbuminuria. This was considered to be due to the
increased endothelial damage caused by hypoxia in sub-
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jects with grade IIT and IV dyspnea leading to microalbu-
minuria. In the current study, symptoms were assessed
with COPD assessment test scores, and the urinary albu-
min/creatinine ratio levels were found to be much higher
when the subjects were grouped based on median split
COPD assessment test (<10 vs =10). However, when
GOLD C and D subjects with a FEV, value <50% were
evaluated according to the symptoms, no significant cor-
relation was found.

C-reactive protein is an acute phase reactant, the level of
which rises in response to tissue injury and/or inflamma-
tion. In previous studies, it has been thought that microalbu-
minuria, which is an inflammatory marker of vascular en-
dothelial dysfunction, could be associated with C-reactive
protein.2%-31:32 Tn a study by Stuveling et al,?° C-reactive
protein changes were investigated in a study group with no
diabetes hypertension and with diabetes. The association
between microalbuminuria and blood pressure, and ele-
vated urinary albumin/creatinine ratio was found to be
correlated with inflammation.?? In the present study, the
urinary albumin/creatinine ratio was found to be signifi-
cantly higher in the subject group with C-reactive protein
>4.6 mg/L.

The present study has several limitations. First, the rel-
atively small sample size of the study may not be repre-
sentative for subjects with COPD. Moreover, all subjects
were in a stable period, and therefore comparisons could
not be made of urinary albumin/creatinine ratio in both the
exacerbation and stable periods. In addition, since the main
objective of this study was to investigate the microalbu-
minuria relationship in COPD subgroups, no control group
was included. There is a need for further studies with
larger sample sizes to confirm these findings. Further-
more, the cross-sectional structure of the data did not al-
low causal links to be established. Another limitation was
that, because the number of female subjects was limited,
possible sex differences in microalbuminuria could not be
evaluated.

Conclusions

The results of our study indicate a strong correlation
between microalbuminuria and the new version of GOLD
stages. Microalbuminuria is evaluated as a risk factor for
cardiovascular diseases. Because the diagnosis of mi-
croalbuminuria is simple, inexpensive, and noninvasive, it
can be evaluated routinely in COPD cases, especially those
with many symptoms who are at high risk, in terms of
cardiovascular morbidity and mortality. Further studies are
warranted to determine the correlation between microalbu-
minuria and severity of disease, including successful treat-
ment and longitudinal subject processes, and COPD.
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