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Abstract 

BACKGROUND: Microalbuminuria, marker of endothelial abnormality, 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 main objective of this study 

was to investigate microalbuminuria and its association with physiological and clinical 

characteristics in a subject group that was classified in line with the new version of the GOLD 

(Global Initiative for Chronic Obstructive Lung Disease) stages. 

 

METHODS:101 stable patients with mild stage to very severe stage COPD were included. The 

urinary albumin/creatinine (UACR) ratio was calculated using an established formula.  

Microalbuminuria was accepted as UACR >20 in males and >30 in females as positive finding. 

 

RESULTS: UACR was significantly higher in subjects grouped as having more symptoms. In 

addition, significant differences were observed when the subjects were grouped based on PaO2 (<65 

mm Hg vs >65 mm Hg), PaCO2 (<41 mm Hg vs >41 mm Hg), arterial oxygen saturation (<92% vs 

>92%), and median. Pearson correlation analysis revealed that the UACR was significantly 

inversely correlated with percent of predicted FEV1 (r-0.56, p = .001), SaO2 (r-0.48, p = .001) and 

PaO2 (r -0.60, p= .001). Positive correlation was also found between UACR and CAT scores (r 

=0.53, p = .001). 

 

CONCLUSIONS: We conclude that there is a strong relationship between microalbuminuria and 

cardiovascular incidents in patients with COPD, commonly in patients with higher symptoms and 

high future risk. Key words: COPD; microalbuminuria; severity of illness; scoring system. 

 

Introduction- 

COPD is an important cause of morbidity and mortality in the world. The mortality rate of COPD is 

increasing, and this disease is estimated to become the third significant cause of death in world by 
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2020.1  The complexity 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 patients with COPD, independent of the well-recognized risk factors, 

including age, sex, and smking status2 Microalbuminuria is one of the precise indicators of 

cardiovascular risk3,4 A consistent association has been shown between  microalbuminuria and poor 

cardiovascular outcomes in subjects with hypertension and diabetes mellitus and, most importantly, 

in the general population5,6 Studies conducted on the determinants of microalbuminuria have 

reported a close association between vascular disease and systemic endothelial abnormalities and 

have also suggested glomerular endothelial dysfunction in microalbuminuria7 In one study, lower 

FEV1 and severity of emphysema have been shown to be correlated with endothelial dysfunction8 It 

has been demonstrated that microalbuminuria increases in worsening periods of COPD, suggesting 

an association with increased glomerular filtration, resulting in protein leakage because of increased 

hypoxia during COPD event.9 There have only been a limited number of studies in the literature 

reporting a high incidence of microalbuminuria in COPD patients compared with age-matched 

controls having a smoking pack-year value10, with no comorbidities such as hypertension, diabetes 

mellitus, renal disease, cardiovascular disease, or malignancy in both groups.9-11 However, till date, 

there is still single study investigating the association of microalbuminuria with COPD assessment 

test scores and the risk of exacerbation based on the new version of the COPD GOLD stages.12 

Therefore, in this study, we investigate the association between microalbuminuria and the new 

version of GOLD stages and  the clinical features that may predict cardiovascular risk in COPD 

patients. 

 

MATERIALS AND METHODS 

Study Population and Study Design 

The study was conducted in the Department of Pulmonary Medicine, Gujarat Adani Institute of 

Medical Sciences (GAIMS), Bhuj, Gujarat. After approval from institutional ethics committee after 

taking written inform consent of patients included in study.The study included 101 subjects with 

COPD in the stable period between 30 and 74 y old who had no previous diagnosis of 

cerebrovascular disease, ischemic heart disease, or peripheral arterial-venous disease and no clinical 

symptoms of these diseases and had not been treated for these diseases; nor was there a diagnosis of 

known renal or liver diseases or malignancies. Subjects with a history of the presence of 

macroalbuminuria (urinary albumin/creatinine ratio >300 mg/g) or previously diagnosed with 

diabetes mellitus; myocardial infarction; severe congestive cardiac failure; angina pectoris; 

electrocardiographic ST-T alterations suggesting ischemic heart disease; left bundle branch block 

and arrhythmias; other pulmonary diseases, including obstructive sleep apnea, asthma, and 

interstitial lung disease; acute infections; and comorbidities, such as severe hepatic failure and 

malignancy were excluded from the study 

 

The diagnosis of COPD was confirmed with the GOLD 2016 guidelines. The disease was classified 

in line with the GOLD staging (classes A–D)12 GOLD guidelines recommend the CAT (COPD 

assessment test) or MMRC ( Modified Medical Research Council) dyspnea scale in evaluation of 

the symptoms13 The CAT  comprises 8 items scored from 0 to 5 points, including the severity of 

Sputum, phlegm, chest heaviness, shortness of breath, capacity for activities and exercise, 

confidence, sleep quality, and energy levels14 whereas the MMRC dyspnea scale is a quantitative 

tool that evaluates only breathlessness. 

In this study, the CAT was applied through face-to-face interviews by a pulmonary specialist. The 

subjects with COPD were classified as A, B, C, and D using a combination of the CAT symptom 

evaluation test and the risk for exacerbation, which was determined 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 FEV1. Category A included subjects a with low risk 
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and fewer symptoms; B included those with low risk and more symptoms; C included those with 

high risk and fewer symptoms; and D included those with high risk and more symptoms. 

Smoking history was determined by pack-years, which were calculated by multiplying the number 

of cigarettes packs 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 history of smoking of 10 or more pack-years. A medical history and findings on 

physical examination were recorded for each subject. Weight and height were measured, the BMI 

(body mass index) value was calculated, and spirometry was carried out in line with international 

guidelines (American Thoracic Society/European Respiratory Society).15 Arterial blood gases were 

measured in the samples collected by direct arterial puncture, in the morning after sitting at rest for 

15 min and breathing room air for >45 min. 

 

OBSERVATION AND RESULTS 

The study included a total of 101 subjects who met the selection criteria. Of these subjects, 31(30.7) 

were in the  Category GOLD A,26 (25.7) in  GOLD B, 16(15.8) in GOLD C, and 28(27.7) in GOLD 

D. The characteristics of the subjects are given in Table 1. 

The mean age was 62.25 y, and 75 (74.3) of the subjects were male. The severity of air-flow 

limitation varied from mild to very severe. 

 

Discussion 

This study aimed to examine the association of microalbuminuria and COPD with the new version 

of GOLD staging.The results of the study showed that UACR was much higher in the subjects 

classified in the group with more symptoms and high risk compared with the group with fewer 

symptoms and low risk. The UACR was determined to be statistically significantly different 

between the groups when classified based on FEV1, history of exacerbations and COPD assessment 

test scores. Although very few studies in the literature evaluate about microalbuminuria in COPD 

patients, there have been some that have reported the prevalence of microalbuminuria in such 

subjects7,10,16 In one of these previous 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 FEV17 In another similar 

study that evaluated subjects during exacerbations, the authors reported that microalbuminuria was 

associated with the presence of respiratory failure. However, no spirometric measurements were 

performed in that study10 in another study of 33 subjects with stable COPD, 26 subjects with 

exacerbation, and 16 healthy controls, the microalbuminuria level was significantly increased only 

in the exacerbation group. However, the microalbuminuria level in the COPD group was twice that 

of the control subjects.16 These results show that microalbuminuria is common in COPD and seems 

to increase during exacerbations. However, in one publication, Casanova et al17 showed that the 

microalbuminuria was high in subjects with COPD and was associated with hypoxemia 

independently of the other cardiac risk factors.  Bulcun et al,18 demostrated that there was also 

association between microalbuminuria with disease severity. Likewise, in the study, 

microalbuminuria was present in 56 (55.4%) of the patients. 

Subjects with COPD in all GOLD categories were included in the current study, and the UACR 

values were found to be higher in groups C and D than in groups A and B. BMI decreases in 

patients with severe COPD. Morbidity and mortality increase as the body mass index value 

decreases, particularly in elderly and hypoxic subjects19 Although a limited number of studies have 

found an association between urinary albumin excretion rate and obesity, other studies have found 

no significant correlation17,20-22 Similarly, in the present study, no such relation was seen between 

the study groups. Smoking decreases renal blood flow, glomerular filtration rate, and filtration 

fraction in healthy persons, all of which increase renovascular resistance, resulting in thickening of 
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the renal arterioles and causing renal blood flow to be functionally disrupted. Consequently, the 

filtration rate is decreased in persons with a normal glomerular filtration rate. However, small 

repeated transient renal hypoperfusion episodes may damage glomeruli and eventually lead to 

structural changes, such as hyperfiltration and hypertrophy in remnant glomeruli, causing increased 

glomerular filtration rate and albumin excretion23 It has been argued that increased hypoxic 

stimulation in endothelial cells could cause endothelial dysfunction, resulting in higher 

microalbuminuria in smokers20 Although some studies have found a positive correlation between 

microalbuminuria and smoking history in patients with COPD, others have observed no such 

association9,22,24 In our 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, causing proteinuria through increased capillary permeability. This is not influenced by 

altered renal tubular function, increased blood pressure, and renal filtration rate25 A study performed 

on 102 subjects with similar serum protein levels demonstrated a significant correlation between 

decreased PaO2 level and high urinary protein excretion11.Vasoconstriction resulting from 

hypoxemia and respiratory acidosis-induced glomerular albumin filtration are increased in patients 

with cor pulmonale with sleep apnea syndrome. This mechanism may be responsible for the short-

term proteinuria seen in subjects with COPD26. Casanova et al17 showed that significant COPD 

patients with microalbuminuria were found to have hypoxemia, with the highest values (>50 mg/g) 

of microalbuminuria observed in subjects with a PaO2 level of <70 mm Hg. Likewise, in our study, 

the UACR values of subjects were found to be much higher when the subjects were grouped based 

on median split PaO2 levels (<65 mm Hg vs >65 mm Hg). Nevertheless, some subjects with 

hypoxemia may not show microalbuminuria, suggesting that other factors, including genetic 

susceptibility to oxidative stress, may also be implicated27 Again in another study, COPD patients 

with microalbuminuria were found to be statistically significantly more hypoxic and more 

hypercapnic compared with COPD subjects without microalbuminuria. As a result of that study, 

PaO2, which showed a negative correlation with microalbuminuria, was determined to be the most 

important predictive factor28. Ko¨mu¨rcuog˘lu et al10 established a negative relationship was 

determined between microalbuminuria identified in COPD patients and levels of PaO2 and arterial 

oxygen saturation, although no significant association between microalbuminuria with levels of pH 

and PaCO2 was observed. The study suggested that microalbuminuria  developed due to increased 

glomerular filtration due to increase hypoxemia, eventually developing protein leakage10 In our 

study, a significant inverse correlation was determined between UACR and PaO2 , and a positive 

correlation was found between UACR and PaCO2.
 

 

Celli et al29 showed that most COPD patients with GOLD stage III and IV showed 

microalbuminuria, whereas GOLD stage I and II had no microalbuminuria; 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 transmission to the distal microcirculation, thus resulting in microvascular 

damage29 Emerging evidence demonstrates that the degree of air-flow limitation is poorly predictive 

of dyspnea and quality of life30 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 assessment12 In the 

present study, subjects with COPD patients were classified  in A, B, C and D groups, combining 

symptom assessment by CAT 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. 

Celli et al29showed that the MMRC scores of 3 and 4 in COPD patients with microalbuminuria, the 

scores were 1 and 2 in COPD subjects without microalbuminuria. This was considered to be due to 
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the increased endothelial damage caused by hypoxia in subjects with grade III and IV dyspnea 

leading to microalbuminuria. 

 

 

In the current study, symptoms were assessed with COPD assessment test scores, and the urinary 

albumin/ 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 FEV1 value <50% were evaluated according to the symptoms, no significant correlation was 

found. 

 

CONCLUSIONS 

The results of our study conclude a firm correlation between microalbuminuria and COPD 

according to the new version of GOLD stages. Microalbuminuria is evaluated as a risk for cardio-

vascular diseases. Because the diagnosis of microalbuminuria 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 association between microalbuminuria and severity of disease, including 

successful treatment and longitudinal subject processes, and COPD. 

The present study has several limitations. First, the narrow sample size of the study may not be 

representative for subjects with COPD. Moreover, all subjects were in a stable period, and therefore 

comparisons could not be made of UACR in both the exacerbation and stable periods. In addition, 

since the main aim of our study was to determine the microalbuminuria relationship in COPD 

subgroups, no control group was included. There is a need for further studies with larger sample 

sizes to confirm these findings. Furthermore, the cross-sectional structure of the data did not allow 

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 
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Characteristics Values (UACR) 

Sex, n (%) Male 75(74.3) 

Female 26(25.7) 

Age, mean SD y 62.25±10.89 

Smoking, mean SD packs/y 27.62±9.42 

BMI, mean SD kg/m2 22.26±3.99 

GOLD subgroups, n 

(%): 

 

A 31(30.7) 

 

B 26(25.7) 

 

C 16(15.8) 

 

D 28(27.7) 

% predicted FEV1, n 

(%): 

 

≥80% 

 

8(7.9) 

 

50–80% 50(49.5) 

 

50–30% 35(34.7) 

 

<30% 8(7.9) 

Mean CAT score, n 

(%): 

<10 25(24.8) 

 

≥10 76(75.2) 

Exacerbations (total), n 

(%): 

0 30(29.7) 

1 52(51.5) 

2 17(16.8) 

3 2(2) 

PaO2, mean SD mm Hg 75.98±17.33 

PaCO2, mean SD mm Hg 49.10±9.96 

UACR, mean SD 28.46±14.91 

Presence of MAB, n (%) 56(55.4) 

TABLE 1 

There was a significant difference between the categories in terms of UACR based on GOLD 

staging (A–D class) (Fig. 1) (P =.001). A significant differences in UACR 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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Figure 1. UACR of subjects grouped according GOLD categories. Upper & lower borders of boxes 

represent the third and first quartiles, centre lines denote the median, and whiskers show the 5th and 

95th percentiles. 

 

COPD patients’ subgroups were also compared in terms of UACR based on FEV1 GOLD stages, 

FEV1 (median split, <60% vs >60%), CAT (<10 vs >10), and exacerbations episode (0–1 vs 2 or 

more). UACR showed a significant difference, depending on the categories of each COPD 

parameter (Table 2).   Significant differences were also observed when subjects were grouped 

according to median PaO2 (<65 mm Hg vs >65 mm Hg), PaCO2 (<41 mm Hg vs >41 mm Hg), and  

oxygen saturation (arterial)(<92% vs  >92%) (Table 2). 

 

Table 2 UACR of COPD patients Subgroups 

Variables n Mean p value 

FEV1(GOLD Stages) 1(≥80%) 8 18.14±4.53 0.01 

2(50%-80%) 50 25.20±9.74 

3(50%-30%) 35 31.72±17.92 

4(<30%) 8 44.84±19.30 

FEV1(Median split) <52.900 51 33.82±17.75 0.01 

≥52.900 50 22.98±8.45 

CAT <10 25 21.16±5.94 0.01 

≥10 76 30.86±16.17 

Exacerbations 0 30 21.99±10.68 0.01 

1 52 28.83±11.84 

2 17 33.70±20.02 

3 2 70.98±0.00 

BMI ≥30 10 22.95±7.40 0.34 

<30 91 29.06±15.41 

PaO2 ≤65 33 38.09±18.99 0.01 

>65 68 23.77±9.56 

PaCo2 ≤41 23 23.86±7.38 0.30 

>41 78 29.81±16.27 

*(p value <0.01 is significant) 
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Table 3: Results of Pearson Correlation Analysis on all patients of  the Study. 

Variables Urinary Albumin/Creatine Ratio 

r p value 

BMI -0.078 0.22 

Age(y) -0.109 0.14 

Pao2 -0.423 0.01 

Paco2 0.245 0.01 

CAT 0.275 0.01 

Exacerbation 0.413 0.01 

FEV1 -0.453 0.01 

*(p value <0.01 is significant) 

 

Fig.2: Correlation of UACR and FEV1 in COPD pateints grouped according to GOLD 

categories (P <.01). 

 
 

Fig. 3. Correlation of UACR and CAT in subjects with COPD grouped according to GOLD 

categories (P <.01). 
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Fig. 4. Correlation of UACR and PaO2 in COPD patrients grouped according to GOLD 

categories .(P<.01). 

 
Table 4. Risk Factors for Cardiovascular Diseases in COPD patients : Multivariate Analysis 

Risk Factors Odds Ratio 95% CI p value* 

Age(y) 0.953 0.905-1.003 0.06 

Male sex 0.057 0.013-0.243 0.01 

BMI (kg/m2) 0.900 0.793-1.021 0.10 

FEV1 0.953 0.916-0.990 0.01 

Exacerbation 1.283 0.565-2.914 0.55 

Smoking history 1.029 0.970-1.092 0.35 

*(p value <0.01 is significant) 

 

 

 

 

 

 

 


