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ABSTRACT: 

To evaluate the markers  (MICROALBUMINURIA , SERUM ALBUMIN , 

pCO2 ) in patients with COPD and COR PULMONALE  and the effect of 

therapeutic measures on these markers                          

Introduction: 

COPD is a heterogenous disease with both pulmonary and extra pulmonary symptoms 

characterized by long-term airflow obstruction. Cor pulmonale in COPD results in 

increased morbidity and mortality and constitutes a tremendous socioeconomic burden. 

Various studies shows microalbuminuria, serum albumin, pCO2 as a novel 

cardiovascular biomarker in patients with COPD. Current study is intended to carry out 

with the objective to find the prevalence and relationship of microalbuminuria, serum 

albumin, pCO2 in COPD and Cor Pulmonale patients and the effect of therapeutic 

measures on these markers. 

Objectives: 

The main objective of this study is to find the prevalence and relationship of 

microalbuminuria, serum albumin and pCO2 with clinical and physiological parameters 

in COPD and Cor Pulmonale patients and the effect of therapeutic measures on these 

markers 

Methodology: 

This is a Prospective observational study done among patients attending Thoracic 

Medicine department at GHTM, Tambaram Sanitorium and Stanley Medical College 
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during June 2018– May 2019. This study included 82 subjects. COPD diagnosis and 

staging was done according to GOLD criteria. 2-D ECHO with colour doppler of the 

heart, BMI, smoking index, microalbuminuria, serum albumin, pCO2 were measured 

in all subjects at baseline and after 6 months of therapeutic intervention as per GOLD 

guidelines. Data were  analysed using SPSS software version 16. 

Results: 

Microalbuminuria was significantly associated with age, BMI, Smoking Index, GOLD 

severity staging and acute exacerbations. Microalbuminuria was not significantly 

associated with gender. Serum Albumin and pCO2 was not associated with Smoking 

Index, but associated with GOLD severity staging and acute exacerbations. No 

significant change in microalbuminuria after therapeutic intervention, but serum 

albumin, pco2 showed significant change in stable COPD and Cor Pulmonale after 

therapeutic intervention.  

Conclusion: 

The determination of microalbuminuria,  pCO2, serum albumin is simple and 

inexpensive.  These markers can serve to diagnose Cor Pulmonale early in COPD 

patients in resource limited and emergency setting. Serum albumin and pco2 may 

serve as a tool for monitoring the therapeutic intervention. This study suggests that 

endothelial and microvascular mechanisms are promising targets for early detection of 

Cor Pulmonale  prevention and management.  
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1. Introduction: 

Chronic Obstructive Pulmonary Disease (COPD) is defined by Global initiative 

for Chronic Obstructive Lung Disease (GOLD) as “a common preventable and treatable 

disease that is characterized by persistent respiratory symptoms and airflow limitation. 

This is due to airway and/or alveolar abnormalities which is generally caused by 

significant exposure to noxious particles or gases.”(1)  

Cor Pulmonale is defined by WHO as “hypertrophy of the right ventricle 

resulting from diseases affecting the function and/or structure of the lungs except when 

these pulmonary alterations are the result of diseases that primarily affect the left side 

of the heart” (WHO expert committee report 1963).(2) 

According to WHO estimates, nearly 65 million individuals have modest to 

severe chronic obstructive pulmonary disease (COPD). More than 3 million persons 

deceased of COPD in the year 2005, which is about 5% (roughly estimate to 1 in 20) of 

all mortality globally. Maximum of the evidence available on COPD occurrence, illness 

and death comes from high-income and industrialized nations. Even in those nations, 

precise epidemiologic statistics on COPD are difficult and expensive to collect. 

Moreover, about 90% of COPD mortality occur in low- and middle-income nations. (3) 

The global initiative for lung disease (GOLD) has projected that COPD is going to be 

the third cause of mortality worldwide by the 2020. (4) 

COPD is a heterogenous disease with both pulmonary and extra pulmonary 

symptoms characterized by long-term airflow obstruction. In particular, 

cardiovascular disease remains one of the leading causes of mortality and morbidity 
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in subjects with COPD, independent of the well-recognized risk factors, including 

age, sex, and smoking status.(5) Working definition of an exacerbation of Chronic 

Obstructive Pulmonary Disease includes: “a sustained worsening of the patient's 

condition, from the stable state and beyond normal day-to-day variations, that is 

acute in onset and necessitates a change in regular medication in a patient with 

underlying Chronic Obstructive Pulmonary Disease. ”(6) 

 RV dysfunction is common in patients with advanced COPD and more 

pronounced in the presence of pulmonary arterial hypertension (PAH). (7,8) However, 

new research has shown that cardiac complications including RV dysfunction and 

hypertrophy start early in the course of the disease even at subclinical levels of PAH . 

This means that PAH is not the sole pathological determinant of cor pulmonale in 

COPD. (9) The cause of death in COPD patients is not only due to respiratory failure. 

But also due to cardiovascular complications, lung cancer or other reasons which often 

remain unrecognized. (10) 

Actually, direct effects of smoking on RV dysfunction and remodelling have 

been demonstrated. In addition, it was reported that hypoxemia could result in RV 

hypertrophy directly. Moreover, a study has shown that the survival of patients is not 

so much linked to the values of PAH; rather it is linked to the dysfunction of the right 

heart. These results raise the awareness of the importance of early diagnosis of RV 

dysfunction, although it is difficult in patients with COPD, especially in those without 

prominent PAH.(11,12) 



21 

 

Microalbuminuria (MAB), is widely accepted marker of endovascular 

dysfunction, and is a predictor of cardiovascular events and all-cause mortality in the 

common population (13). Serum proteins are affected by inflammation and calorie 

intake of the patients. Albumin is a negative acute phase reactant. Albumin levels are 

lowered during the acute phase response because of the escalation in catabolism of 

albumin. (14). 

Several studies have revealed that hypoalbuminemia is related with increased 

mortality and prolonged length of hospital stay in patients with COPD. (16–19). A study 

has shown  Serum albumin and pCO2 levels are markers of Cor Pulmonale in patients 

AECOPD.(15) 

Current study is intended to carry out with the objective to find the prevalence and 

relationship of microalbuminuria, pCO2 with clinical and physiological parameters in 

COPD and Cor Pulmonale patients and the effect of therapeutic measures on these 

markers. 
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2 Aim and Objectives: 

Aim 

To evaluate the biomarkers associated with COPD  and Cor Pulmonale 

 

Primary Objectives 

1. To evaluate the markers (Microalbuminuria, Serum albumin, pCO2) 

associated with COPD  and Cor Pulmonale. 

2. To compare the BMI and the biomarkers associated with COPD  and Cor 

Pulmonale 

3. To evaluate the effect of therapeutic measures on these biomarkers.  

 

Secondary Objective 

To compare the baseline characteristics with the biomarkers associated with COPD  and 

Cor Pulmonale. 
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3 Review of Literature: 

Review of Literature of this study is discussed under the following heads: 

a. COPD Definition  

b. Epidemiology of COPD. 

c. Factors that influence disease development and progression 

d. Diagnosis and treatment of COPD. 

e. Cor pulmonale definition and pathogenesis in COPD  

f. Relevant articles  

i. Microalbuminuria and its relationship with COPD  

ii. Serum albumin , pCO2 in COPD  

 

a. COPD Definition : 

Chronic Obstructive Pulmonary Disease (COPD) is defined by Global initiative for 

Chronic Obstructive Lung Disease (GOLD) as “a common preventable and treatable 

disease that is characterized by persistent respiratory symptoms and airflow limitation. 

This is due to airway and/or alveolar abnormalities which is generally caused by 

significant exposure to noxious particles or gases.”(1) 

World Health Organisation defines, “Chronic obstructive pulmonary disease 

(COPD) is a lung disease, which is characterized by chronic lung airflow obstruction, 

which interferes with normal breathing and it is irreversible”.                                                 

The more commonly used terms such as 'chronic bronchitis' and 'emphysema' are no 

longer used, but are now incorporated within the COPD diagnosis.(20). 
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EMPHYSEMA or destruction of the gas-exchanging surfaces of the lung (alveoli). It is 

the pathological term that is often (but incorrectly) used clinically and defines only one 

of the structural abnormalities present in patients with COPD.(23,24) 

CHRONIC BRONCHITIS or the presence of cough and sputum production for at least 

3 months in each of 2 consecutive years, remains a clinically and epidemiologically 

useful term.(25). 

The following figure represents the airway lumen of healthy and COPD representing 

the destruction of alveolus, excess mucus and narrowed bronchiole, (26) 

Fig 1. Airway obstruction in COPD 
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b. Epidemiology of COPD: 

Global burden:   

COPD is one of the most common chronic and disabling disease and a growing cause 

of morbidity and mortality that induces an economic and social burden.(21-22 ). COPD 

is currently the fourth leading cause of death in the worldwide(21). Due to continued 

exposures to risk factors and ageing the burden of COPD in future is projected to 

increase,(78 ) so in 2020 it is projected to be third leading cause of death. Due to various 

criteria used for diagnosis, survey methods the prevalence of  COPD varies across 

different region of world and different papulation groups (78). In a study conducted by 

The Global Burden of Disease found the prevalence of COPD globally in 2016  was 

251 million cases (79-80). In U.S the Heart, Lung, and Blood Institute estimated that 

there were 14.8 million people, 12 million with physician diagnosed COPD and  

undiagnosed COPD respectively. The prevalence of COPD among never-smokers 

estimated by Burden of Obstructive Lung Diseases ( BOLD) was 3-11% (81). In next 

30 years the prevalence of COPD is expected to increase due to increasing numbers of 

smokers in  developing countries, and in developed countries due to increasing numbers 

of old age peoples. 

COPD BURDEN – INDIA 

In India the burden of COPD is continuously  increasing, at end of 2016 the estimated 

number of people suffering from obstructed airway diseases was >57000000 people. 

Regarding  most number of morbidity and mortality from OADs  India occupies next 
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to China is in first position  (82). In 2004, the COPD morbidity  as per the countrywide 

was assessed by World Health Organisation, based on  disability adjusted life years         

(DALYs ) was 690 per 100000 population,(83) and this is very high in a country like 

India  with a population of 1.32 billion. In India POSEIDON study showed that the total 

number of peoples visited a physician for obstructive airway disease was 14.5% of total 

papulation. These information is unlikely to reflect real prevalence  of COPD  because 

the information collected mostly from urban areas and from private facilities and very 

less from rural areas, where the COPD prevalence is continuously on increasing trend. 

In 2006 the national commission on Macroeconomics and Health (NCMH) has found 

around 17 million peoples in India affected by COPD and also India is one of the most 

COPD suffered countries.(84) NCMH also estimated that the Indian COPD prevalence 

is higher in rural papulation compared to urban papulation, and also expected, the 

numbers of patients to be diagnosed as COPD  are continuously on the increasing trend 

(82). 

c. Factors that influence disease development and progression: 

Main risk factors for COPD include the following: 

i. Tobacco smoking 

ii. Indoor air pollution (such as biomass fuel used for cooking and heating) 

iii. Outdoor air pollution 

iv. Occupational dusts and chemicals (vapours, irritants, and fumes). (28) 
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The following table ( table 1 ) represents the factors associated with COPD which 

includes risk factors, predisposing factors, childhood disadvantage factors and lung 

conditions,(29–36) 

 

Genetic factors: 

 Severe Alpha 1 Anti-trypsin deficiency is an important recognized genetic risk 

factor. It is a major circulating inhibitor of serine proteases and thus involved in the 

pathogenesis of COPD. Other single genes, encoding matrix metalloproteinase 12 

(MMP12) and glutathione S-transferase, genetic loci near the alpha-nicotinic 
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acetylcholine receptor, hedgehog interacting protein (HHIP) and others related to a 

deterioration in lung function or risk of COPD.(37,38) 

The following table represents the occupations that are associated with COPD,(39) 

Table.2 : Occupations associated with COPD: 

 

d. Diagnosis & treatment of COPD: 

GOLD DIAGNOSTIC CRITERIA FOR COPD (1) 

“If any of these indicators are present in an individual overage of 40 years, 

spirometer is performed. These indicators are not diagnostic by themselves, but the 

presence of multiple key indicators increases the probability of a of COPD diagnosis. 

Spirometry is required to establish a diagnosis of COPD. 

Dyspnoea that is: 

Progressive over time 

Characteristically worse with exercise , persistent  
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Chronic cough: 

May be intermittent and may be unproductive. 

recurrent wheeze 

Chronic sputum production: 

Any pattern of chronic sputum production may indicate COPD. 

Recurrent lower respiratory tract infections 

History of risk factors: 

Host factors (such as genetic factors, congenital/ developmental abnormalities 

etc.,) 

Tobacco smoke (including popular local preparation)  

Smoke from home cooking and heating fuels  

Occupational dusts, vapours, fumes, gases and Other chemicals. 

Family history of COPD and/or childhood factors: 

Low birth weight, childhood respiratory infections etc., 

Spirometry is required to make the diagnosis in this clinical context ;the presence of 

post-bronchodilator FEV1/FVC <0.70 confirms presence of persistent airflow 

limitation”.(1) 
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ASSESMENT (1) 

The goals of COPD assessment are  

To determine the level of airflow limitation ,its impact on the patient health status and 

risk of future events ( such as exacerbations, hospital admissions or death ), in order to 

eventually guide therapy. 

CLASSIFICATION OF SEVERITY OF AIRFLOW LIMITATION : 

Based on post bronchodilator FEV1 ( in patients with FEV1/FVC < 0.70 ), airflow 

limitation in COPD classified as following: 

GOLD 1:   mild    FEV1 >/= 80% predicted 

GOLD 2:   Moderate  FEV1 50 – 79 % predicted 

GOLD 3:   Severe   FEV1 30-49% predicted 

GOLD 4:   Very Severe   FEV1 < 30 % predicted  (41–43) 

ASSESMENT OF SYMPTOMS  

The two most widely used symptom measures are  

1.Modified MRC Dyspnoea Scale:  

 Modified British Medical Research Council ( mMRC ) was considered adequate for 

assessment of symptoms and it relates well to other measures of health status and 

predicts future mortality risk. The questions for the MRC scale is given below,(50) 
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Fig2  Modified Medical Research Council Dyspnoea Scale 

 

Table.3 : Modified Medical Research Council Dyspnoea Scale (mMRC): 

GRADE DESCRIPTION 

0 I only get breathless with strenuous exercise  

1 I get short of breath when hurrying on the level or walking 

up a slight hill  

2 I walk slower than people of the same age on the level 

because of breathlessness or have to stop for breath when 

walking at my own pace on the level  

3 I stop for breath after walking about 100 yards or after a few 

minutes on the level  

4 I am too breathless to leave the house or I am breathless 

when dressing  
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2. CAT Score: 

The symptoms experienced by people with Chronic Obstructive Pulmonary 

Disease, such as on-going cough, shortness of breath, wheezing, and chest tightness, 

can restrict them from performing simple activities, like washing or getting dressed. 

The Chronic Obstructive Pulmonary Disease Assessment Test (CAT) is a 

questionnaire for people with Chronic Obstructive Pulmonary Disease. It is 

designed to measure the impact of Chronic Obstructive Pulmonary Disease on a 

person's life, and how this changes over time. (48) It is an eight item uni-dimensional 

measure of health status impairment in COPD. The score ranges from 0-40, 

correlates very closely with the  St. George ‘s Respiratory Questionnaire (SGRQ ). 

This is given below:(49) 
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Fig 3 : COPD Assessment Test  

 

 

ASSESSMENT OF EXACERBRATION RISK  

COPD exacerbations are defined “as an acute worsening of respiratory symptoms that 

result in additional therapy”(26,40,44) 
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Classified based on treatment given and hospitalization as 

• Mild- SABA is the only treatment  

• Moderate- SABA plus antibiotics with or without oral corticosteroids 

• Severe- requires hospitalization or visits emergency room.  

 

COMBINED COPD ASSESSMENT  

The GOLD guideline uses a combined Chronic Obstructive Pulmonary Disease 

assessment method to group patients according to symptoms and earlier history of 

exacerbations. Symptoms are assessed using the Modified British Medical Research 

Council (mMRC) or Chronic Obstructive Pulmonary Disease assessment test (CAT) 

scale.(46) 

a) “Group A: decreased risk (0-1 exacerbation per year, not requiring 

hospitalization) and fewer symptoms (mMRC 0-1 or CAT <10)” 

b) “Group B: decreased risk (0-1 exacerbation per year, not requiring 

hospitalization) and more symptoms (mMRC≥ 2 or CAT≥ 10)” 

c) “Group C: increased risk (≥2 exacerbations per year, or one or more requiring 

hospitalization) and fewer symptoms (mMRC 0-1 or CAT <10)” 

d) “Group D: increased risk (≥2 exacerbations per year, or one or more requiring 

hospitalization) and more symptoms (mMRC≥ 2 or CAT≥ 10)” 

The following image represents the Revised combined COPD assessment where the 

patient should undergo spirometry, assessment of either dyspnoea (modified Medical 



35 

 

Research Council) or symptoms using COPD CAT Scale. The number of exacerbations 

and hospitalisation also be recorded. (47) 

Fig4. Revised combined COPD assessment: 

 

MANAGEMENT OF STABLE COPD  

The goals of effective Chronic Obstructive Pulmonary Disease management are to: 

i. Relieve symptoms 

ii. Improve exercise tolerance 

iii. Improve health status 

iv. Prevent disease progression 

v. Prevent and manage complications 

vi. Prevent and manage exacerbations and decrease mortality (45) 
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PHARMOCOLOGICAL TREATMENT(1) 

Drugs can reduce the symptoms, exacerbations and its severity, as well as improve 

the health status and exercise tolerance in COPD patients. To date, there is no 

conclusive clinical trial evidence that any existing medications for COPD modify the 

long term decline in lung function. 

Fig 5:   Initial pharmacological management of COPD. 

 

Following implementation of therapy, patient should be reviewed for response to 

treatment , assess inhalational technique and adjustment in the pharmacological 

treatment may be needed. 
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Fig6. COPD Management cycle  

 

Fig 7: COPD FOLLOW UP PHARMOCOLOGICAL MANAGEMENT (1) 
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The follow up pharmacological treatment algorithm can be applied to any patient on 

maintenance treatment irrespective of GOLD group allocated at treatment initiation. 

The need to treat primarily dyspnea / exercise limitation or prevent exacerbation 

further should be evaluated. If any change in treatment considered, then select the 

corresponding algorithm for dyspnea or exacerbations. 

Fig 8 : NON PHARMACOLOGICAL TREATMENT OF COPD(1) 

 

OTHER TREATMENTS(1) 

OXYGEN THERAPHY  

The long term administration of oxygen (> 15 hours / day ) to COPD patients with 

chronic type 2 respiratory failure has been shown to increase the survival in patients 

with severe resting hypoxemia.(85) 
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Long-term oxygen therapy(86)  is indicated for stable patients who have: “PaO
2
 at or 

below 7.3 kPa (55 mmHg) or SaO
2
 at or below 88%, with or without hypercapnia 

confirmed twice over a three-week period; or PaO
2
 between 7.3 kPa (55 mmHg) and 

8.0 kPa (60 mmHg), or SaO
2
 of 88%, if there is evidence of pulmonary hypertension, 

peripheral edema suggesting congestive cardiac failure, or polycythemia (hematocrit > 

55%)”.  

Once placed on long-term oxygen therapy (LTOT) the patient should be re-evaluated 

after 60 to 90 days with repeat arterial blood gas (ABG) or oxygen saturation while 

inspiring the same level of oxygen or room air to determine if oxygen is therapeutic 

and still indicated, respectively.  

COPD – a systemic disease  

COPD is a systemic disease. There are plenty of evidence indicating chronic obstructive 

pulmonary disease as a complex disease with various systemic manifestations. These 

systemic manifestations occur due to the release of cytokines like  

Tumour necrosis factor alpha,  

Interleukin 1,interleukin 6,  

chemokines,  

Acute phase reactants like Fibrinogen,  

C-Reactive Protein(CRP),  

Surfactant D,  

Serum Amyloid A 

Circulating cells like lymphocytes, monocytes and natural killer cells.(52,53) 
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The following list contains the systemic manifestations of the COPD disease,  

i. Skeletal muscle wasting 

ii. Cachexia: loss of fat-free mass 

iii. Lung cancer (small cell, non small cell) 

iv. Pulmonary hypertension and cor pulmonale  

v. Ischaemic heart disease: endothelial dysfunction 

vi. Congestive cardiac failure 

vii. Osteoporosis 

viii. Normocytic anaemia 

ix. Diabetes 

x. Metabolic syndrome 

xi. Obstructive sleep apnoea 

xii. Depression. (54,55) 

  



41 

 

The following image ( fig 9 ) represents the Pathogenesis of systemic manifestations 

of the COPD, (56) 

 

 

 

e. COR PULMONALE: 

 It is the alteration of right ventricular structure or function that is due to pulmonary 

hypertension caused by diseases affecting the lung or its vasculature 
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PREVALENCE : 

The exact prevalence of PH and cor pulmonale in COPD is unknown because it is not 

feasible to perform right heart catheterization on a large scale. The reported prevalence 

varies considerably from 20%–91%,(87-90) depending on the definition of pulmonary 

hypertension, the severity of lung disease in the group studied and the method of  

measuring the PAP. In Indian perspective the prevalence of pulmonary hypertension in 

COPD patients was 38.02%.(91) 

 

Pathophysiology of pulmonary hypertension and cor pulmonale in COPD  

Pulmonary hypertension  in COPD (57) : 

“Traditionally : the result of  

hypoxic pulmonary vasoconstriction,  

polycythemia and destruction of the pulmonary vascular bed by emphysema.  

Recently, it has been recognized that  

hyperinflation and  

          endothelial dysfunction also play a role in the pathogenesis of PH”. 

The following image represents the pathogenesis of cor pulmonale,(57) 
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Fig10. Pathogenesis of cor pulmonale: 
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Pulmonary vascular endothelial dysfunction is a major factor in the pathogenesis of 

pulmonary hypertension. The balance between constriction and dilatation is maintained 

by a number of small molecular mediators one of the more important of which is nitric 

oxide (NO). Nitric oxide (NO) has vasodilator and anti-proliferative properties is 

produced by endothelial NO synthase (eNOS). Prostacyclin, another vasodilator that 

also protects against vascular remodeling, is produced by the activity of prostacyclin 

synthase. Countering vasodilation is endothelium-derived endothelin-1 (ET-1). An 

imbalance of vasoconstriction opposed to dilatation is likely to be involved in the 

pathogenesis of pulmonary hypertension in COPD. In patients with COPD and PH there 

is a reduction in the synthesis and/or release of NO from the lung.(92-94) In COPD 

there is a reduction in the expression of prostacyclin synthase mRNA (95) and an 

excessive expression of endothelin-1 (ET-1) (96) in the pulmonary arteries of patients 

with secondary pulmonary hypertension. Arterial ET1 increases shortly after episodes 

of nocturnal oxygen desaturation in patients with COPD and remains higher during the 

day in these subjects.(97) 

Diagnosis of cor pulmonale in COPD 

CLINICAL FEATURES :   

The classic signs of Pulmonary Hypertension and Cor Pulmonale : 

loud P2,  

S3 gallop,  

The systolic murmur of tricuspid regurgitation.  

Peripheral edema - present in the absence of right heart failure in COPD 
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The signs of true right heart failure:  

raised jugular venous pressures, 

congestive hepatomegaly, 

peripheral oedema. 

The following image (fig 11)  represents the Electro Cardio Graphic changes 

characteristic of a cor pulmonale. (58) 

 

The radiographic images represents the X-ray configuration in cor pulmonale with  

A: Pulmonary arterial Hypertension- diffuse cardiac enlargement, enlarged pulmonary 

conus, accentuated hilar markings, and decrease in vascularity of the distal segments 

of the lung fields. 
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B: Emphysema- marked increase in thoracic cage, hyper aeration of lungs, small heart 

with lifted apex. (58) 

Fig.12  X-ray configuration in cor pulmonale: 

 

Echocardiography 

Hyperinflation in COPD makes difficult may optimal sonographic cardiac 

visualization. 

 “The findings were (98) 

1. RV dilatation and hypokinesis. 

2. RV hypertrophy. 

3. Change to a more concentric RV morphology. 

4. Paradoxical septal motion. 

5. Impaired LV diastolic function. 

6. Right atrial enlargement. 

7. Tricuspid regurgitation. 
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8. Pulmonary artery pressure as estimated by the modified Bernoulli equation. 

9. Pulmonary artery dilatation. 

10. Lack of inspiratory collapse of the inferior vena cava” 

 

Microalbuminuria: 

Microalbumin is a misnomer. This does not refer to any different form of albumin, but 

instead, there is a small amount of albumin excreted in the urine. When the disease 

increases the albumin excreted by the glomeruli is more than reabsorbed by the tubule 

will lead to microalbuminuria which is not detected by the ordinary methods. The 

following image represents the normal albumin metabolism in kidney. (59) 

Fig.13: Normal albumin metabolism in kidney: 
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The following table indicates the cut-off values for the normoalbuminuria, 

microalbuminuria, macroalbuminuria as follows, (60) 

Table.4 : Cut-off values for Albuminuria: 

 

f. RELAVANT STUDIES : 

GLOBAL  

A.Komurcuoglu, S.Kalenci et al (2003) conducted a study on Microalbuminuria in 

Chronic Obstructive Pulmonary Disease. This study comprised of two groups involving 

25 patients hospitalized with acute exacerbation of COPD and an equal number of 

healthy age and sex matched controls. Forced expiratory volume in one second (FEV1), 

forced vital capacity (FVC) , Microalbuminuria measurement, arterial blood gas 

analysis were performed in the COPD group at admission and after therapy when they 

were stable at the time of discharge. Results showed that in COPD group 

Microalbuminuria was detected in 14 (56%) subjects at admission and in 7 (28%) 

subjects at discharge and in 1 (4%) subject in the control There were statistically 
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significant differences among these groups. In COPD group there were negative 

correlation between the microalbuminuria values at admission and arterial pO2 and 

oxygen saturation and there were no relation between the microalbuminuria values and 

age, arterial pH, pCO2, FEV1 percent predicted, FVC percent predicted and 

FEV1/FVC. They concluded that patients with COPD in whom no proteinuria were 

determined by conventional methods, especially at the time of exacerbation, 

microalbuminuria could be seen. Microalbuminuria was related with hypoxemia but has 

no predictive role on mortality.(74) 

Fulsen Bozkus MD, Nursel Dikmen MD, and Anil Samur PhD et.al.(2017) 

conducted a study on MICROALBUMINURIA AND GOLD STAGE IN SUBJECTS 

WITH COPD . This observational study included 105 COPD patients with varying 

severity. The results showed a significant difference was found between the categories 

in terms of microalbuminuria based on the new version of GOLD staging (A–D class). 

Microalbuminuria was found to be significantly inversely correlated with PaO2 , 

predicted FEV1 %. There was a positive correlation between the microalbuminuria and 

COPD assessment test scores, PaCO2.Microalbuminuria did not show significant 

correlations with age, sex, C-reactive protein, body mass index, and smoking status. 

They concluded that a strong relationship between microalbuminuria and 

cardiovascular events in subjects with COPD, particularly in subjects with more 

symptoms and high future risk. Therefore, they recommended microalbuminuria should 

be regularly monitored in this subgroup of subjects with COPD for risk of 

cardiovascular morbidity or mortality.(99) 
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Casanova C et al, studied the influence of Microalbuminuria and hypoxemia in chronic 

obstructive pulmonary disease patients. They measured microalbuminuria, smoking 

history, arterial blood gas analysis, gas exchange, body mass index, lung volumes, 

spirometry, BODE index and co-morbidity index in 129 stable COPD patients and 51 

non-COPD controls without known cardiovascular disease. Microalbuminuria was 

observed in 24% of the patients compared with 6% of non-COPD controls. The MAB 

levels were inversely related to PaO2 and positively with the A-aPO2 gradient and the 

PaCO2, but not to other lung function parameters, pack years or the BODE index. The 

MAB levels appeared stable over one year of observation. They concluded that 

Microalbuminuria is common in patients with COPD. It is related with hypoxemia 

independent of additional cardiovascular risk factors.(13) 

S.ROMUNDSTAD S et al. studied both COPD and microalbuminuria through a 12-

year follow-up study. They studied 3129 participants through  Nord-Trøndelag Health 

Study (HUNT) in Norway. Albuminuria and spirometry was done at baseline. Among 

the participants, 136 had COPD and microalbuminuria. The main outcome measured 

were hazard ratio of all-cause mortality according to microalbuminuria. Compared to 

participants with COPD without microalbuminuria, the adjusted hazard ratio for all-

cause mortality in COPD and microalbuminuria was 1.54, 95% CI 1.16–2.04 and this 

was similar after excluding cardiovascular disease at baseline.  As the severity of COPD 

increases, there was a positive association trend with microalbuminuria. They 

concluded that microalbuminuria is associated with all-cause mortality in individuals 

with COPD, and microalbuminuria might be a clinically relevant tool identifying COPD 

patients with poor prognosis.(62) 
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Erdal Kaysoydu et al, studied the Factors associated with Microalbuminuria in 

Patients with COPD. Microalbuminuria was raised in exacerbation periods of COPD. 

CRP and mean nocturnal pulse pressure values were significantly greater in the group 

with Microalbuminuria. This would suggest a possible role of inflammation in 

Microalbuminuria development in COPD patients.(63) 

Emel Bulcun et al, studied the pattern and prevalence of Microalbuminuria in 66 

consecutive Chronic Obstructive Pulmonary Disease patients. Microalbuminuria was 

present in patients with COPD with increase in levels with increase in severity. They 

concluded that COPD patients should undergo routine microalbuminuria screening 

since this is associated with increased cardiovascular morbidity and mortality.(64) 

 

Fulsen Bozkus et al, studied the Microalbuminuria in 105 stable subjects with mild to 

very severe COPD. They studied the Relationship of microalbuminuria with the New 

Version of Global Initiative for Chronic Obstructive Lung Disease Staging. The results 

of this study specify a solid association between microalbuminuria and cardiovascular 

events in patients with COPD. This is particularly in subjects with more symptoms and 

great future risk. Therefore, microalbuminuria should be regularly monitored in this 

group of subjects with COPD for risk of cardiovascular illness or death.(65) 

Oelsner, Balte, Grams, et al conducted a population based pooled cohort study in U.S 

on Albuminuria, Lung Function Decline, and Risk of Incident Chronic Obstructive 

Pulmonary Disease. Person with known clinical lung disease were excluded from this 

study. Among 10,961 participants with preserved lung function, mean age at 

albuminuria measurement was 60 years, 51% were never-smokers. For each SD 
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increase in log transformed albuminuria, there was 2.81% greater FEV1 decline, 

11.02% greater FEV1/FVC decline, and 15% increased hazard of incident spirometry-

defined moderate-to-severe COPD, 26%  increased hazard of incident COPD-related 

hospitalization/mortality. They concluded that Albuminuria was associated with greater 

lung function decline, incident spirometry-defined COPD, and incident COPD-related 

events in a U.S. population–based sample.(100)  

INDIAN 

 

Sujay J, Gajanan GS et al (2017) conducted a cross sectional study on 

microalbuminuria and hypoxemia clinical significance in patients with Chronic 

Obstructive Pulmonary Disease in 150 patients over a period of 1 year. They found that 

the prevalence of microalbuminuria in stable COPD patients was 30%, statistical 

analysis with logistic regression on microalbuminuria as the dependent variable showed 

smoking (odds ratio [OR]: 2.29; 95% confidence interval  [CI] between 1.54–3.41), 

lower FEV1% (OR: 1.04; 95% CI: 0.98–1.10), and PaO2 (OR: 0.68; 95% CI: 0.57–

0.83). Microalbuminuria have positive correlation with pack years, blood pCO2 and 

negative correlation with FEV1%, BODE index, PaO2 .They concluded that severe 

COPD patients with microalbuminuria should be regularly examined for risk of 

cardiovascular morbidity or mortality.(101)  

Agrawal, et al (2017) studied the Impact of COPD on cardiovascular system by 

estimating microalbuminuria. The study was a Case–control, multi‑group, 

cross‑sectional hospital‑based study conducted at BPS Government Medical College 

for Women in Haryana. Pulmonary function test, urine albumin creatinine ratio 
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(UACR) and brachio‑ankle pulse wave velocity were measured in 150 participants, 

divided into three groups with each having 50 subjects: Group 1 – acute exacerbation 

of COPD, Group 2 – stable COPD patients, Group 3 – asymptomatic smokers(control 

). In this study, Brachio‑ankle pulse wave velocity (baPWV) was inversely correlated 

with FEV1 and there was no significant correlation recorded between central arterial 

stiffness and microalbuminuria . The level of microalbuminuria was found much higher 

in the acute exacerbation group compared to both stable COPD and control group, the 

elevation was statistically significant only with controls. In acute exacerbation of 

COPD, patients with Type 2 respiratory failure have higher microalbuminuria value 

compared to patients with non‑Type 2 respiratory failure. In patients with Type 2 

respiratory failure, blood PCO2 and blood PaO2 was moderately correlated with 

microalbuminuria, while a very weak in between microalbuminuria and blood PCO2 

and blood PaO2 in patients with non‑Type 2 respiratory failure. In this study only weak 

inverse correlation was observed with FEV1/FVC ratio and insignificant association 

was recorded in between diminution of airflow in all stages of COPD with 

microalbuminuria. They concluded that airflow obstruction does not affect the 

microvascular changes significantly until it may lead to severe hypoxia or hypercarbia 

in the state of acute exacerbation or respiratory failure. Cardiovascular changes start at 

microvascular level in the early stage of COPD, however, they become more significant 

and pronounced in AECOPD with type 2 respiratory failure.(102) 

In a prospective study done by Khalid Mehmood et al (2015)  found that the prevalence 

of microalbuminuria was 20.6%. PO2, FEV1, FEV1/FVC showed a negative 

association with microalbuminuria, whereas BODE index, pCO2, pack years of 
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smoking showed a positive association with microalbuminuria. They concluded that  

the determination of microalbuminuria  is simple, inexpensive, and non-invasive and it 

could be a promising biomarker to identify COPD patients at increased cardiovascular 

risk.(72) 

Anand Kumar et al (2016) conducted a Study on Microalbuminuria in stable COPD 

at a Tertiary Care Centre in North India. This study includes 110 patients divided into 

two groups, group 1 sixty patients with COPD and group 2 fifty healthy controls were 

recruited. They found that all patients with COPD, microalbuminuria was detected and 

the levels of microalbuminuria showed a significant positive correlation with COPD 

severity, while in controls only 10% had microalbuminuria. This study also showed that 

a significant inverse relationship between Microalbuminuria and PaO2, forced vital 

capacity (FVC%) and there was a positive relationship between microalbuminuria and 

BODE index. They observed that microalbuminuria had a significant correlation with 

spirometric parameters along with relationship with hypoxaemia and pulmonary 

hypertension. They did not found any relationship of PaCO2 with 

microalbuminuria.(103)  

 

Gupta P et al (2019) conducted a cross sectional study on Clinical significance and 

prevalence of microalbuminuria and hypoxemia in chronic obstructive pulmonary 

disease patients. 130 patients included in this study divided into two groups COPD with 

microalbuminuria and COPD without microalbuminuria. They found that in COPD 

patients the prevalence of microalbuminuria was 29.23%. COPD patients with 

microalbuminuria group were found in GOLD Stage IV (47%), GOLD Stage III (34%), 
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GOLD Stage II (13%)  and GOLD stage I (6%), which reflects the positive trend 

towards increasing COPD severity. 74% of COPD patients with microalbuminuria were 

more hypoxic than COPD patients (12%) without microalbuminuria. COPD patients 

(84%) with microalbuminuria were more hypercapnic than COPD patients (22%) 

without microalbuminuria. They concluded that patients with severe COPD with 

hypoxemia or hypercapnia were significantly associated with microalbuminuria.(104) 

 

Festo K.Shayo et al conducted a cross sectional study in an African patients from July 

2016 to December 2016 on Albuminuria in Chronic Obstructive Pulmonary Disease 

patients. They recruited 104 COPD patients. This study found the prevalence of 

albuminuria was 24%. All patients with history of CVD had abnormal urine 

albumin(100%) . About 95.3% of COPD patients without albuminuria had less severe 

COPD stages (GOLD stage of I and II). They concluded that Albuminuria was prevalent 

in patients with chronic obstructive pulmonary disease and it increased significantly 

with COPD severity. All study participants with CVD had abnormal urine albumin. 

Screening for albuminuria in COPD patients can be used as an early marker of CVD 

risk and therefore prevention strategies can be planned.(68)  

Rakesh Kumar, studied the presence of Microalbuminuria in 91 Patients with Stable 

COPD. This is study was conducted in the BRD Medical College, Gorakhpur, India. 

All COPD patients had microalbuminuria and showed significant correlation with 

PaO2, FEV1, BODE index (BMI, FEV1, 6MWD, mMRC). Only 4(10%) controls had 

microalbuminuria. No significant correlation between microalbuminuria with PCO2. 

They also found that all patients with cor-pulmonale had microalbuminuria  >200 which 
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was highest and revealed that COPD patients with pulmonary hypertension showed 

high microalbuminuria levels depicting that microalbuminuria are a marker of 

endothelial dysfunction, this could make us aware of the future systemic outcomes like 

alterations in the microvasculature beforehand so that multi-organ damage could be 

prevented.(61) 

Only by sub group analysis Festo K.Shayo et al and Rakesh kumar et al studies 

showed all patients cardiovascular disease (CVD) including cor pulmonale had 

microalbuminuria indicating as the marker of endothelial dysfunction. This is the first 

study undertaken to evaluate microalbuminuria in addition to pCO2 and serum albumin 

only in known COPD and Cor Pulmonale patients. 

In a research article done by Claudio Terzano, Sofia Romani el al on Right Heart 

Functional Changes in the Acute Hypercapnic Exacerbations of COPD patients 

included 56 consecutively admitted patients with COPD exacerbation. They found an 

inverse correlation between TAPSE and hypercapnia(> 55.2 +/- 3.5 mmHg), and 

positive correlation between TAPSE and PaO2 independent of COPD severity as well 

as grade of dyspnoea. They also found a significant correlation between low values of 

PaO2 and larger area of the right atrium (p < 0.05; r = - 0.72) , higher values of 

pulmonary artery pressure (PAPs) (p < 0.05; r = −0.64). They concluded that patients 

with chronic respiratory failure, blood gas parameters should not only be considered as 

parameters to assess the degree of respiratory failure but also as negative prognostic 

factors of right heart failure. Type 2 Respiratory failure showed a relationship with 

pulmonary hypertension and with the anatomy and function of the right sections of the 

heart.(105) 
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Jai Kumar Samaria, Kumar Utsav et al in 2017 studied Serum Albumin and blood 

PCO2 level were markers of cor pulmonale in patients of AECOPD. This study done in 

138 consecutively hospitalized patients with acute exacerbation of COPD. The 

prevalence of Cor Pulmonale in AECOPD was 60.8%. Mean Albumin of the patients 

with cor pulmonale was 3.29 gm% (SD±0.29) and those without cor pulmonale was 

3.52gm% (SD±0.43). This difference between both groups was significant statistically 

(P=0.0360)(CI=0.445 – 0.0159). Mean blood PCO2 levels of the patients with cor 

pulmonale was 54.5 mmHg (SD±19.98) and those without cor pulmonale was 

42.56mmHg (SD±11.16). They concluded that serum Albumin and blood PCO2 level 

were the important markers of cor pulmonale in patients with acute exacerbation of 

COPD.(15) 

  



58 

 

4 Research Question or Hypothesis: 

 

 

Research Question: 

What is the relationship of biomarkers (Microalbuminuria, Serum albumin, pCo2) the 

effect of therapeutic measures and BMI with COPD and Cor Pulmonale? 

 

Null Hypothesis: 

There is no relationship of biomarkers (Microalbuminuria, Serum albumin, pCo2) the 

effect of therapeutic measures and BMI with COPD and Cor Pulmonale 

 

Alternate Hypothesis: 

There is a relationship of biomarkers (Microalbuminuria, Serum albumin, pCo2) the 

effect of therapeutic measures and BMI with COPD and Cor Pulmonale 
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5. Methodology: 

 

5.1. Study Subjects: 

Patients attending Thoracic Medicine department at GHTM, Tambaram sanatorium and 

Stanley Medical College 

 

5.2. Study Design: 

Prospective observational study 

 

5.3. Study setting: 

Thoracic Medicine department at GHTM, Tambaram sanatorium and Stanley Medical 

College.  

 

5.4. Study Duration: 

June 2018– May 2019 
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5.5. Inclusion Criteria: 

Patients with COPD and Cor Pulmonale attending Dept. Of Thoracic Medicine at 

GHTM, Tambaram sanatorium and Stanley Medical College . 

 

5.6. Exclusion criteria: 

a. Renal disease. 

b. Liver disease 

c. diabetes mellitus  

d. Macroalbuminuria. 

e. Previous History of Cerebrovascular disease. 

f. Ischemic heart disease. 

g. Malignancy. 

h. Patients with symptoms of obstructive sleep apnoea. 

i. Patients with urinary tract infection in the previous week, persistent 

haematuria in the previous year. 

j. Patients unwilling to participate in the study. 

 

5.7. Sample Size: 

82 (All patients admitted with COPD and Cor Pulmonale during the study period). 
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5.8. Study procedure: 

• All patients included in the study subjected to thorough history, clinical 

examinations, and categorized as per GOLD COPD staging. 

• Routine Blood investigation including RFT,LFT ,CBC were done. 

• Arterial blood gases were measured by arterial puncture.  

• Spot Morning urine sample for microalbuminuria analysis.   

• ECG , 2D ECHO with colour doppler  were done  

• Body mass index was calculated weight in kg divided by square of height in 

meters. 

• Treatment given for COPD according to GOLD guidelines and for Cor 

Pulmonale according to cardiologist opinion . 

Patient is followed up for 6 months, and the above said investigations were repeated 

and analysed statistically 
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Then following Flow chart represents the steps in the study: 

 

5.9. Ethical Consideration: 

Institutional Ethical Committee approval was obtained before the start of the study. 

Informed written consent was obtained from each participant.  

Patients COPD with Cor Pulmonale ( n =82)

Subjected to thorough history , Physical examination including BMI .

Categorised into GOLD COPD stage

MICROALBUMINURIA ,SERUM ALBUMIN, Paco2 were measured

Compared BMI with these biomarkers 

Treatment given according to GOLD guidelines for COPD ,for Cor 
Pulmonale according to cardiologist opinion 

Followed after 6 months (Death-12, Loss to Follow up-8, Remaining-62)

Patients with COPD and Cor Pulmonale after 6 months of follow up 
(n=62) 

MICROALBUMINURIA , SERUM ALBUMIN ,Pco2 were measured

Comparsion of markers at the initiation of study and at 6 months of 
follow up was done 
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5.10.  Statistical Methods: 

Descriptive Statistics: 

1. Continuous variables like age, serum albumin values are represented in mean, 

median, mode and standard deviation.  

2. Categorical variables gender, GOLD staging etc are represented in frequencies 

and percentages. Pie-charts and bar diagrams are used as appropriate. 

Inferential Statistics: 

 3. When a Categorical Variable is associated with a categorical variable, the 

variables are represented in both by tables and bar diagrams. For test of significance, 

chi-square test is used. Fisher’s exact test is used when more than 20% of the cell values 

have expected cell value less than 5. For comparison of baseline and follow up values 

of categories, McNemar’s Test is used. 

4. When a Continuous variable is associated with the categorical variables such as 

patient groups independent t test is used after checking for normality. Otherwise non 

parametric tests were used. For comparison of baseline and follow up values of 

numerical variables, paired t Test is used. For Comparison of more than two groups 

ANOVA test is used.  

5. P-values less than 0.05 were considered statistically significant. 

6. Data was entered in MS excel sheet and analysed using SPSS software version 

16. 
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6. Results: 

Results of this study are described under the following headings: 

a. Descriptive statistics: 

I. Age 

II. Gender 

III. Age and gender 

IV. Body Mass Index 

V. Smoking Index 

VI. GOLD staging 

VII. Acute exacerbation 

VIII. Microalbuminuria 

IX. Serum Albumin 

X. pCO2 

XI. Follow up status 

 

b. Inferential Statistics: 

i. Comparison of Microalbuminuria with age 

ii. Comparison of Microalbuminuria with gender. 

iii. Comparison of Microalbuminuria with BMI. 

iv. Comparison of Microalbuminuria with Smoking Index. 

v. Comparison of Microalbuminuria with Gold Staging. 
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vi. Comparison of Microalbuminuria with Acute exacerbations 

vii. Comparison of Serum Albumin and pCO2 with age 

viii. Comparison of Serum Albumin and pCO2 with Gender 

ix. Comparison of Serum Albumin and pCO2 with BMI 

x. Comparison of Serum Albumin and pCO2 with Smoking Index 

xi. Comparison of Serum Albumin and pCO2 with GOLD Staging. 

xii. Comparison of Serum Albumin and pCO2 with Acute 

exacerbations 

xiii. Gold staging at baseline with the gold staging at 6 months follow 

up 

xiv. Comparison of microalbuminuria at baseline and follow up 

xv. Comparison of Serum Albumin and pCO2 at baseline and follow 

up 
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I. Distribution of age group of the subjects in the study population 

Among the study population, 47.6% of the subjects were in 61 - 70 years age group 

followed by 39% subjects  in 51 – 60 years and 13.4% in less than or equal to 50 years 

age group. 

 

Table 5:  Distribution of age group of the subjects in the study population 

AGE GROUP Count % 

<= 50 years 11 13.4% 

51 - 60 years 32 39.0% 

61 - 70 years 39 47.6% 
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Fig 14: Distribution of age group of the subjects in the study population 
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II. Distribution of gender of the subjects in the study population 

Among the study population, 86.6% of the subjects were males and 13.4% were 

females. 

 

Table 6:  Distribution of gender of the subjects in the study population 

 

  

Gender Count  % 

Male 71 86.6% 

Female 11 13.4% 
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Fig 15: Distribution of gender of the subjects in the study population  
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III. Distribution of age group and gender of the subjects in the study population 

Among the study population, in all age groups the distribution of males is 5-7 many 

times the number of females. The males are more in 61 – 70 years age group and least 

in less than or equal to 50 years age group. But females are more in 51 – 60 years age 

group and no females in less than or equal to 50 years age group. 

   Table 7:  Distribution of age group and gender of the subjects in the study 

population 

 

Age Group 

Gender 

Total 

Male Female 

<= 50 years 11 0 11 

51 - 60 years 26 6 32 

61 - 70 years 34 5 39 

Total 71 11 82 
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Fig 16 :Distribution of age group and gender of the subjects in the study 

population 
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IV. Distribution of BMI of the subjects in the study population 

Among the study population, 57.3% of the subjects were underweight followed by 

25.6% were normal weight, 11% were overweight and 6.1% were obese. 

 

Table 8:  Distribution of BMI of the subjects in the study population 

 

 

  

BMI Count % 

Underweight 47 57.3% 

Normal 21 25.6% 

Overweight 9 11.0% 

Obese 5 6.1% 
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Fig17 :  Distribution of BMI of the subjects in the study population 
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V. Distribution of Smoking Index of the subjects in the study population 

In the study population, 37.8% of the subjects had smoking index more than 600 

followed by 24.4% subjects with smoking index 100 – 300, 19.5% had smoking index 

between 300 and 600 and 4.9% had less than 100. 13.4% of the subjects never smoked. 

 

Table 9:  Distribution of Smoking Index of the subjects in the study population 

 

Smoking Index Count % 

Never Smoked 11 13.4% 

< 100 4 4.9% 

100 - 300 20 24.4% 

300 - 600 16 19.5% 

> 600 31 37.8% 
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VI. Distribution of Gold Staging of the subjects in the study population 

In the study population, 61% of the subjects had less than 30% predicted FEV1 followed 

by 28% had 30 – 50% predicted FEV1 , 11% had 50 – 80% predicted. 

 

Table 10:  Distribution of Gold staging of the subjects in the study population 

 

Gold Staging Count % 

> 80% predicted 0 0.0% 

50 - 80% predicted 9 11.0% 

30 - 50% predicted 23 28.0% 

< 30% predicted 50 61.0% 
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VII. Distribution of Acute Exacerbation of the subjects in the study population 

Among the study population, more than half of the subjects, 57.3% of the subjects had 

acute exacerbation 

 

Table 11: Distribution of Acute Exacerbation of the subjects in the study 

population 

Acute Exacerbation Count % 

Yes 47 57.3% 

No 35 42.7% 
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VIII. Distribution of Micro Albuminuria of the subjects in the study population 

Among the study population, more than three fourths of the subjects, 81.7% of 

the subjects had Micro Albuminuria. 

 

 

Table 12: Distribution of Micro Albuminuria of the subjects in the study 

population 

 

Micro Albuminuria Count % 

Yes 67 81.7% 

No 15 18.3% 

 

 

 

 

 

 

. 
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IX. Distribution of Serum Albumin of the subjects in the study population 

Among the study population, the serum albumin of the subjects ranged from 2.8 mg% 

to 4.9 mg% with a mean of 3.36 mg% with a standard deviation of 0.46 mg% 

Table 13: Distribution of Serum Albumin of the subjects in the study population 

 

  Serum Albumin 

Minimum 2.80 

Maximum 4.90 

Mean 3.36 

Std. Deviation 0.46 
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X. Distribution of pCO2 of the subjects in the study population 

Among the study population, the pCO2of the subjects ranged from 38.45 mmHg  to 

70.28 mmHg with a mean of 52.69 mmHg with a standard deviation of 7.71mmHg 

Table 14: Distribution of pCO2 of the subjects in the study population 

 

  pCO2 

Minimum 38.45 

Maximum 70.28 

Mean 52.69 

Std. Deviation 7.71 
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XI. Distribution of status of the subjects at follow  up after 6 months in the study 

population 

Among the study population, almost three fourths of the subjects, 75.6% were alive at 

6 months follow up. 14.6% subjects were expired and 9.8% subjects lost to follow up. 

Table 15: Distribution of status of the subjects at follow up after 6 months in the 

study population 

After 6 months Frequency Percent 

Expired 12 14.6 

Lost to follow up 8 9.8 

Alive 62 75.6 

Total 82 100.0 
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i. Distribution of Micro Albuminuria with the age group of the subjects in the 

study population 

Among the subjects in the study population, 61 – 70 years age group subjects had more 

prevalence of micro albuminuria (94.8%) followed by 51 – 60 years (84.3%) and 27.2% 

in less than 50 years age group subjects. 
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Table 16: Distribution of micro albuminuria with the age group of the subjects in 

the study population: 

AGE GROUP 

Micro Albuminuria 

Total 

Fisher exact p 

value 
Yes No 

<= 50 years 3 (27.27%) 8 (72.72%) 11 (100%) 

<0.001 

51 - 60 years 27 (84.37%) 5 (15.62%) 32 (100%) 

61 - 70 years 37 (94.87%) 2 (5.12%) 39 (100%) 

Total 67 (81.7%) 15 (18.29%) 82 (100%) 

 

The difference in the distribution of micro albuminuria among different age 

groups was statistically significant (p < 0.05). 
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ii. Distribution of Micro Albuminuria with the gender of the subjects in the 

study population 

Among the subjects in the study population, male subjects had more prevalence of 

micro albuminuria (83.1%) compared to 72.7% in female subjects. 

Table 17: Distribution of micro albuminuria with the gender of the subjects in the 

study population 

SEX 

Micro Albuminuria 

Total 

Fisher 

exact p 

value Yes No 

Male 59 (83.09%) 12 (16.9%) 71 (100%) 

0.212 Female 8 (72.72%) 3 (27.27%) 11 (100%) 

Total 67 (81.7%) 15 (18.29%) 82 (100%) 

 

The difference in the distribution of micro albuminuria among different gender was not 

statistically significant (p > 0.05). 
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iii. Distribution of Micro Albuminuria with the BMI of the subjects in the study 

population 

Among the subjects in the study population, underweight subjects had more prevalence 

of micro albuminuria (87.2%) followed by normal weight subjects (85.7%), obese 

(60%) and 55.5% in overweight subjects. 

Table 18: Distribution of micro albuminuria with the BMI of the subjects in the 

study population 

BMI 

Micro Albuminuria 

Total 

Fisher exact p 

value 
Yes No 

Underweight 41 (87.23%) 6 (12.76%) 47 (100%) 

0.012 

Normal 18 (85.71%) 3 (14.28%) 21 (100%) 

Overweight 5 (55.55%) 4 (44.44%) 9 (100%) 

Obese 3 (60%) 2 (40%) 5 (100%) 

Total 67 (81.7%) 15 (18.29%) 82 (100%) 

The difference in the distribution of micro albuminuria among different levels of 

BMI was statistically significant (p < 0.05). 
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iv. Distribution of Micro Albuminuria with the smoking index of the subjects 

in the study population 

Among the subjects in the study population, subjects with smoking index more than 600 

had more prevalence of micro albuminuria (93.54%) followed by subjects with smoking 

index up to 600 (75%) and 72.7% in never smoked subjects. 

Table 19: Distribution of micro albuminuria with the smoking index of the subjects 

in the study population 

Smoking Index 

Micro Albuminuria 

Total Fisher exact p value 

Yes No 

Never Smoked 8 (72.72%) 3 (27.27%) 11 (100%) 

0.001 

< 100 3 (75%) 1 (25%) 4 (100%) 

100 - 300 15 (75%) 5 (25%) 20 (100%) 

300 - 600 12 (75%) 4 (25%) 16 (100%) 

> 600 29 (93.54%) 2 (6.45%) 31 (100%) 

Total 67 (81.7%) 15 (18.29%) 82 (100%) 
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The difference in the distribution of micro albuminuria among different smoking index 

was statistically significant (p < 0.05). 

v. Distribution of Micro Albuminuria with the Gold Staging of the subjects in 

the study population 

Among the subjects in the study population, subjects with less than 30% predicted 

FEV1 had more prevalence of micro albuminuria (96%) followed by subjects with 30 

to 50% predicted FEV1 (73.9%) and 22.2% in 50 – 80% predicted FEV1 subjects. 

Table 20: Distribution of micro albuminuria with the Gold Staging of the subjects 

in the study population 

Gold Stage 

FEV1 % 

Micro Albuminuria 

Total 

Fisher exact p 

value 
Yes No 

50 - 80% predicted 2 (22.22%) 7 (77.77%) 9 (100%) 

0.001 

30 - 50% predicted 17 (73.91%) 6 (26.08%) 23 (100%) 

< 30% predicted 48 (96%) 2 (4%) 50 (100%) 

Total 67 (81.7%) 15 (18.29%) 82 (100%) 

The difference in the distribution of micro albuminuria among levels of Gold 

staging was statistically significant (p < 0.05). 
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vi. Distribution of Micro Albuminuria with the Acute Exacerbation of the 

subjects in the study population 

Among the subjects in the study population, subjects with acute exacerbation had more 

prevalence of micro albuminuria (96%) compared to subjects without acute 

exacerbation (60%). 

Table 21: Distribution of micro albuminuria with the Acute Exacerbation of the 

subjects in the study population 

Acute Exacerbation 

Micro Albuminuria 

Total p value 

Yes No 

Yes 46 (97.87%) 1 (2.12%) 47 (100%) 

< 0.001 No 21 (60%) 14 (40%) 35 (100%) 

Total 67 (81.7%) 15 (18.29%) 82 (100%) 

The difference in the distribution of micro albuminuria among acute 

exacerbation of the subjects was statistically significant (p < 0.05). 
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vii. Distribution of Serum Albumin & pCO2 with the age group of the subjects 

in the study population 

Among the subjects in the study population, 61 – 70 years age group subjects had low 

mean serum albumin (3.18 mg%) & high mean pCO2 (56.6 mmHg)and less than 50 

years age group subjects had high mean serum albumin (4 mg%) & low mean pCO2 

(46.6 mmHg) 
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Table 22: Distribution of Serum Albumin & pCO2 with the age group of the 

subjects in the study population 

Age group N Mean 

Std. 

Deviation 

ANOVA p 

value 

Serum 

Albumin 

<= 50 years 11 4.00 0.50 

< 0.001 

51 - 60 years 32 3.36 0.45 

61 - 70 years 39 3.18 0.26 

Total 82 3.36 0.46 

pCO2 

<= 50 years 11 46.68 6.92 

< 0.001 

51 - 60 years 32 50.01 6.86 

61 - 70 years 39 56.60 6.58 

Total 82 52.70 7.70 

The difference in the distribution of serum albumin & pCO2 among different age 

groups was statistically significant (p < 0.05). 
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viii. Distribution of Serum Albumin & pCO2 with the gender of the subjects in 

the study population 

Among the subjects in the study population, male subjects had high mean serum 

albumin (3.37 mg%) compared to 3.35 mg% in female subjects. The mean pCO2 levels 

were higher among males (53.25 mmHg) compared to 49.15 mmHg in female subjects 

Table 23 : Distribution of Serum Albumin & pCO2 with the gender of the subjects 

in the study population 

Gender N Mean 

Std. 

Deviation 

t test p 

value 

Serum 

Albumin 

Male 71 3.37 0.47 

0.928 Female 11 3.35 0.39 

Total 82 3.36 0.46 

pCO2 

Male 71 53.25 7.69 

0.101 Female 11 49.15 7.10 

Total 82 52.70 7.70 
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The difference in the distribution of serum albumin & pCO2 among different 

gender was not statistically significant (p > 0.05). 

 

ix. Distribution of Serum Albumin & pCO2 with the BMI of the subjects in the 

study population 

Among the subjects in the study population, underweight subjects had a low mean 

serum albumin (3.29 mg%)and overweight subjects had a high mean serum albumin 

(3.67 mg%). Underweight subjects had a high mean pCO2 (53.95mmHg) whereas 

obese subjects had a low mean pCO2 (48.78 mmHg). 

 

The difference in the distribution of serum albumin & pCO2 among different 

BMI levels was not statistically significant (p > 0.05). 
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Table 24: Distribution of Serum Albumin & pCO2 with the BMI of the subjects in 

the study population 

BMI N Mean 

Std. 

Deviation 

ANOVA p 

value 

Serum 

Albumin 

Underweight 47 3.29 0.41 

0.146 

Normal 21 3.39 0.52 

Overweight 9 3.67 0.33 

Obese 5 3.38 0.72 

Total 82 3.36 0.46 

pCO2 

Underweight 47 53.95 7.23 

0.333 

Normal 21 51.60 8.40 

Overweight 9 50.91 7.96 

Obese 5 48.78 8.30 

Total 82 52.70 7.70 
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x. Distribution of Serum Albumin & pCO2 with the smoking index of the 

subjects in the study population 

Among the subjects in the study population, subjects with mean serum albumin is low 

in smoking index >600 subjects (3.18mg%) whereas mean serum albumin is high in 

300-600 subjects(3.52 mg%). Mean pCO2 is more in smoking index<100 subjects 

(55.88mmHg) whereas mean pCO2 is low in 100-300 subjects (51.23 mmHg). 

Table 25: Distribution of Serum Albumin & pCO2 with the smoking index of the 

subjects in the study population 

  N Mean Std. Deviation 

ANOVA p 

value 

Serum 

Albumin 

Never 

Smoked 

11 3.3518 .38958 

0.059 

< 100 4 3.3675 .62425 

100 - 300 20 3.5210 .50518 

300 - 600 16 3.5219 .51350 

> 600 31 3.1842 .35755 
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The difference in the distribution of serum albumin & pCO2 among different smoking 

index was not statistically significant (p > 0.05). 

 

 

  

Total 82 3.3637 .46110 

pCO2 

Never 

Smoked 

11 49.1473 7.10226 

0.258 

< 100 4 55.8850 7.67365 

100 - 300 20 51.2350 8.83983 

300 - 600 16 52.8050 8.75494 

> 600 31 54.4345 6.25274 

Total 82 52.6977 7.70138 
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xi. Distribution of Serum Albumin & pCO2 with the gold staging of the 

subjects in the study population 

Among the subjects in the study population, subjects with mean serum albumin is low 

in gold staging <30%predicted (3.18 mg%) subjects whereas mean serum albumin is  

high in 50-80%predicted (3.69 mg%) subjects. Mean pCO2 is more in gold staging 

<30% predicted (55.54mmHg) subjects whereas mean pCO2 is low in 50-80%predicted 

(46.25mmHg) subjects. 

 

 

The difference in the distribution of serum albumin & pCO2 among different 

gold staging was statistically significant (p < 0.05). 
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Table 26: Distribution of Serum Albumin & pCO2 with the gold staging of the 

subjects: 

GOLD staging N Mean Std. Deviation 

ANOVA 

p value 

Serum 

Albumin 

50 - 80% predicted 9 3.6956 .45703 

< 0.001 

30 - 50% predicted 23 3.6300 .52752 

< 30% predicted 50 3.1814 .32404 

Total 82 3.3637 .46110 

pCO2 

50 - 80% predicted 9 46.2589 6.86200 

< 0.001 

30 - 50% predicted 23 49.0265 7.71225 

< 30% predicted 50 55.5454 6.43713 

Total 82 52.6977 7.70138 
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xii. Distribution of Serum Albumin & pCO2 with the acute exacerbation of the 

subjects in the study population 

Among the subjects in the study population, subjects with mean serum albumin is low 

in subjects with acute exacerbation (3.16mg %) whereas mean serum albumin is high 

in subjects without acute exacerbation (3.64 mg %). Mean pCO2 is more in subjects 

with acute exacerbation (56.88mmHg) whereas mean pCO2 is low in subjects without 

acute exacerbation (47.08 mmHg) 

Table 27: Distribution of Serum Albumin & pCO2 with the acute exacerbation: 

  

Acute 

Exacerbation 

N MEAN 

STD. 

DEVIATION 

p VALUE 

BY ‘t’ 

TEST 

Serum 

Albumin 

Yes 47 3.16 0.27 

0.001 

No 35 3.64 0.52 

pCO2 

Yes 47 56.88 5.43 

0.001 

No 35 47.08 6.69 

The difference in the distribution of serum albumin & pCO2 among different 

acute exacerbation was statistically significant (p < 0.05). 
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xiii. Distribution of Gold staging at baseline with the gold staging at 6 months 

follow up of the subjects in the study population 

According to gold staging at follow up, after six months of follow up 6(100)% subjects 

maintained 50-80% predicted and none of them showed deterioration in 30-50% 

predicted and <30% predicted.  In 30-50% predicted baseline, after six months of follow 

up 4(22.22%) subjects showed improvement 50-80% predicted and 5(27.77%) subjects 

maintained in 30-50% predicted, whereas 9(50%) subjects showed deterioration 

to<30% predicted.  In <30% predicted at baseline, one (2.63%) subject showed 

improvement to 50-80% predicted and 15(39.47) subjects improved to 30-50% 

predicted whereas, 22(57.89%) subjects maintained in <30% predicted.  
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Table28:  Distribution of Gold staging at baseline with the gold staging at 6 months 

follow up: 

Gold Stage at 

Baseline 

Gold Stage at follow up Mc 

Nemar 

 p value 
50 - 80% pred. 30 - 50% pred. <30% predicted 

50 - 80% predicted 6 (100%) 0 (0%) 0 (0%) 

0.09 

30 - 50% predicted 4 (22.22%) 5 (27.77%) 9 (50%) 

< 30% predicted 1 (2.63%) 15 (39.47%) 22 (57.89%) 

Total 11 (17.74%) 20 (32.25%) 31 (50%) 

The difference in the distribution of gold staging at follow up was not statistically 

significant (p >0.05).  
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xiv. Distribution of micro albuminuria at baseline and at 6 months follow up of 

the subjects in the study population 

Among the subjects in the study population, those subjects who showed micro 

albuminuria in baseline, after six months of follow up, 2(3.84%) subjects had shown no 

micro albuminuria in follow up.  Those subjects who did not have micro albuminuria 

in baseline, 5(50%) subjects showed micro albuminuria and 5(50%) subjects did not 

show micro albuminuria after six months of follow up respectively. 

Table29: Distribution of micro albuminuria at baseline and at 6 months follow up: 

Micro 

Albuminuria 

Micro Albuminuria at follow-up 

Total 

McNemar 

 p value Yes No 

Yes 50 (96.15%) 2 (3.84%) 52 (100%) 

0.453 No 5 (50%) 5 (50%) 10 (100%) 

Total 55 (88.7%) 7 (11.29%) 62 (100%) 

The difference in the distribution of microalbuminuria at follow up was not statistically 

significant (p >0.05). 
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xv. Distribution of serum albumin at baseline and follow up of the subjects in 

the study population 

Among the subjects in the study population, mean serum albumin at baseline was 3.38 

mg% which had increased after 6 months at follow up is 3.56mg%. 

Table 30 :Distribution of serum albumin at baseline and follow up of the 

subjects: 

Serum Albumin N Mean Std. dev 

Paired t test p 

value 

Baseline 62 3.38 0.47 

0.002 

Follow up 62 3.56 0.47 

The difference in the distribution of serum albumin at baseline and follow up was 

statistically significant (p <0.05). 
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xvi. Distribution of pCo2 at baseline and follow up of the subjects in the study 

population 

Among the subjects in the study population, mean pCo2 at baseline is 52.52mmHg 

which had decreased after 6 months at follow up (49.58mmHg) 

Table 31 : Distribution of pCo2 at baseline and follow up of the subjects: 

pCO2 N Mean Std. dev 

Paired t test 

p value 

Baseline 62 52.52 7.75 

0.001 

Follow up 62 49.58 6.19 

 

The difference in the distribution of pCo2 at baseline and follow up was statistically 

significant (p <0.05). 
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7. Discussion 

The main objective of this study is to evaluate the biomarkers 

(Microalbuminuria, Serum albumin, pCo2) associated with COPD and Cor Pulmonale 

and the effect of therapeutic measures on these markers. In this study, Among the study 

population, 47.6% of the subjects were in 61 - 70 years age group followed by 39% 

subjects each in 51 – 60 years and 13.4% in less than or equal to 50 years age group. 

There is increase of COPD patients over age, which is explained by the effect of age in 

the COPD manifestation. Normally there is decline in FEV1 over age i.e it will usually 

reduce to half from age of 25 to 75. However, there is an accelerated reduction by two 

thirds in COPD patients over age.(26)  

 In this study, 86.6% of the subjects were males and 13.4% were females. In all 

age groups, the distribution of males is 5-7 many times the number of females. The 

main confounding factors are tobacco usage and occupational exposure, which is more 

among males. The males are more in 61 – 70 years age group and least in less than or 

equal to 50 years age group. However, females are more in 51 – 60 years age group and 

no females in less than or equal to 50 years age group. Women with COPD will present 

differently, may have a different pattern of comorbidities, and may have improved 

survival after acute exacerbations.(66) Sorheim et al, studied the gender differences in 

COPD and concluded that Female gender was associated with lung function reduction 

and more severe disease in patients with COPD with early onset of disease or low 

smoking exposure.(67)  
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In this study, Male subjects had more prevalence of micro albuminuria (83.1%) 

compared to 72.7% in female subjects. This can be explained by high sample size and  

the presence of microalbuminuria due to other causes of endothelial injury and 

inflammation in males. Festo K. Shayo et al, studied the Albuminuria in 104 patients 

with chronic obstructive pulmonary disease through a cross-sectional study in Tanzania, 

Africa. They found that prevalence of Albuminuria was 24 % in patients with chronic 

obstructive pulmonary disease and 100% in patients with history of CVD. It was 

increased significantly with severity of COPD, which is consistent with our study.(68) 

The difference in the distribution of micro albuminuria among different age groups was 

statistically significant (p < 0.05).  

In this study, among the study population, 57.3% of the subjects were 

underweight followed by 25.6% were normal weight, 11% were overweight and 6.1% 

were obese. In this study, Underweight subjects had more prevalence of micro 

albuminuria (87.2%) followed by normal weight subjects (85.7%), obese (60%) and 

55.5% in overweight subjects. The difference in the distribution of microalbuminuria 

among different levels of BMI was statistically significant (p < 0.05), which correlates 

with study done by Fisun Karadag et al. (69)  Yibin Guo et al, did a meta analysis 

and concluded that Overweight is associated with a reduced risk of all-cause mortality 

among patients with COPD while underweight is associated with a increased risk of all-

cause mortality in these patients.(70) 

Smoking, which is prevalent in up to 80% of COPD patients, is also a major risk 

factor for CVD. In this study, 37.8% of the subjects had smoking index more than 600 

followed by 24.4% subjects with smoking index 100 – 300, 19.5% had smoking index 
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between 300 and 600 and 4.9% had less than 100. 13.4% of the subjects never smoked. 

In this study, subjects with smoking index more than 600 had more prevalence of 

microalbuminuria (93.54%) followed by subjects with smoking index up to 600 (75%) 

and 72.7% in never smoked subjects. The difference in the distribution of 

microalbuminuria among different smoking index was statistically significant (p < 

0.05).  

In the study population, 61% of the subjects had less than 30% predicted FEV1 

followed by 28% had 30 – 50% predicted FEV1 , 11% had 50 – 80% predicted. In this 

study, subjects with less than 30% predicted FEV had more prevalence of micro 

albuminuria (96%). The difference in the distribution of micro albuminuria among 

levels of Gold staging was statistically significant (p < 0.05). Casanova et al, found no 

association between micro albuminuria and spirometry severity of COPD, whereas, 

Khalid Mehmood et al, found that COPD patients with micro albuminuria had 

significantly lower levels of FEV1.(13,72) However, reduced FEV1 is not specific to 

COPD and may be manifested in other diseases such as congestive heart failure, asthma, 

cystic fibrosis, thoracic kyphosis, multiple sclerosis, and other conditions. (73) 

In this study, more than half of the subjects, 57.3% of the subjects had acute 

exacerbation. In this study, subjects with acute exacerbation had more prevalence of 

micro albuminuria (96%) compared to subjects without acute exacerbation (60%). The 

difference in the distribution of micro albuminuria among acute exacerbation of the 

subjects was statistically significant (p < 0.05). A. Kömürcüog˘lu et al, established an 

association with the exacerbations and the microalbuminuria.(74) Serum albumin on 
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the first day of admission can predict respiratory failure in COPD patients with acute 

exacerbation. (75) 

In this study, More than three fourths of the subjects, 81.7% of the subjects had 

Micro Albuminuria. the serum albumin of the subjects ranged from 2.8 mg% to 4.9 

mg% with a mean of 3.36 mg% with a standard deviation of 0.46 mg%, our study 

showed significant association with study done by Jai 

Kumar  Samaria, Kumar Utsav et al(15). 

In this study, The pCO2 of the subjects ranged from 38.45 mmHg to 70.28mmHg 

with a mean of 52.69mmHg with a standard deviation of 7.71, which is consistent with 

study done by  Jai Kumar Samaria, Kumar Utsav et al.(15)  

In this study, Almost three fourths of the subjects, 75.6% were alive at 6 months 

follow up. 14.6% subjects were expired and 9.8% subjects lost to follow up.  

In this study, 61 – 70 years age group subjects had low mean serum albumin 

(3.18 mg%) & high mean pCO2 (56.6 mmHg)and less than 50 years age group subjects 

had high mean serum albumin (4 mg%) & low mean pCO2 (46.6 mmHg) The difference 

in the distribution of serum albumin & pCO2among different age groups was 

statistically significant (p < 0.05). This association indicates COPD and Cor Pulmonale  

patients with MAB were more hypercapnia. 

In this study, underweight subjects had a low mean serum albumin (3.29 

mg%)and overweight subjects had a high mean serum albumin (3.67 mg%). 

Underweight subjects had a high mean pCO2 (53.95mmHg) whereas obese subjects 
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had a low mean pCO2 (48.78 mmHg). SUPPORT investigators (Study to Understand 

Prognoses and Preferences for Outcomes and Risks of Treatments) found survival time 

was independently related to severity of illness, body mass index (BMI), age, previous 

functional status, PaO2/FIO2, congestive heart failure, serum albumin, and the presence 

of cor pulmonale.(17) 

In this study, subjects with mean serum albumin is low in smoking index 

>600subjects (3.18mg%) whereas mean serum albumin is high in 300-600subjects(3.52 

mg%). Mean pCO2 is more in smoking index<100subjects (55.88mmHg) whereas 

mean pCO2 is low in 100-300subjects(51.23 mmHg). subjects with mean serum 

albumin is low in gold staging <30%predicted (3.18 mg%) subjects whereas mean 

serum albumin is high in 50-80%predicted (3.69 mg%) subjects. Mean pCO2 is more 

in gold staging <30% predicted (55.54mmHg) subjects whereas mean pCo2 is low in 

50-80%predicted (46.25mmHg) subjects. The difference in the distribution of serum 

albumin & pCO2 among different acute exacerbation was statistically significant (p < 

0.05).  

In this study, subjects with mean serum albumin is low in subjects with acute 

exacerbation (3.16mg %) whereas mean serum albumin is high in subjects without acute 

exacerbation (3.64 mg %). Mean pCO2 is more in subjects with acute exacerbation 

(56.88mmHg) whereas mean pCO2 is low in subjects without acute exacerbation (47.08 

mmHg) The difference in the distribution of serum albumin & pCO2 among different 

acute exacerbation was statistically significant (p < 0.05). A. Kömürcüog˘lu et al, 

established an association with the pCO2 and the microalbuminuria and not with po2. 

(74) 
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In this study, no statistically significant difference in distribution of Gold staging at 

baseline with the gold staging at 6 months follow up of the subjects in the study 

population.  

Similarly no statistically significant difference in distribution of microalbuminuria at 

baseline and at 6 months follow up of the subjects, which reflects the irreversibility of 

pulmonary endothelial damage and these marker can used to identify the Cor Pulmonale 

in COPD patients on treatment.  

Mean serum albumin at baseline was 3.38 mg% which had increased significantly after 

6 months follow (3.56mg%), mean pCo2 at baseline was 52.52mmHg which had 

decreased significantly after 6 months at follow up (49.58mmHg). These reflects either 

serum albumin and pCO2 may serve as tool for monitoring the therapy or these markers 

indicate only the severity of COPD, not the Cor Pulmonale. A large prospective study 

need to address this issue.  
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8. Limitation: 

The use of history alone to define the presence of comorbidity might have 

underestimated the existence of other disorders that may cause albuminuria. Feasibility 

and economic reasons did not allow for blood biomarker analysis. 

Sample size is small and the follow up period is less to make cause-effect relationship 

inferences from the study. 

There was no control group for comparing the variation of these markers  in COPD 

patients without Cor Pulmonale. 

Matching for the other causes of albuminuria were not done, and hence the confounding 

bias may arise due to those variables/factors.  

The lesser proportion of women included in study made evaluation of possible sex 

differences in microalbuminuria, serum albumin, pCO2 impossible.  
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9. Recommendation: 

The results of this study specify a solid association between microalbuminuria and Cor 

Pulmonale in COPD patients. Therefore, COPD patients should undergo routine 

microalbuminuria screening since this is associated with endothelial injury, which plays 

a major role in the pathogenesis of Cor Pulmonale. The results of this study showed a 

significant association between serum albumin (< 3.29mg %), pCO2 (>54.5mmHg) and 

Cor Pulmonale in COPD patients at baseline. There is significant variation seen in  

serum albumin and pCO2 after therapeutic intervention, so these markers can be used 

as tool for disease control. 

Further studies are essential with greater sample size to investigate whether 

microalbuminuria, serum albumin, pCO2 could be a quick simple biomarker of Cor 

Pulmonale  in patients with COPD. 
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10. Conclusion: 

Microalbuminuria is significantly associated with age, BMI, Smoking Index, 

GOLD severity staging and acute exacerbations. Microalbuminuria is not significantly 

associated with gender. Serum Albumin and pCO2 was not associated with Smoking 

Index, but associated with GOLD severity staging and acute exacerbations. There is no 

significant change in  microalbuminuria after therapeutic intervention. Serum albumin 

and pCO2 were significantly reduced at follow up.  

The determination of microalbuminuria, serum albumin and pCO2, is simple and 

inexpensive. These markers can serve to diagnose Cor Pulmonale early in COPD 

patients in resource limited and emergency setting. Serum albumin and pco2 may  serve 

as tool a for monitoring the therapeutic intervention. This study suggests that endothelial 

and microvascular mechanisms are promising targets for early detection of  Cor 

Pulmonale and management. 
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PATIENT INFORMATION SHEET 

 

TITLE OF THE STUDY : “To evaluate the markers  (MICROALBUMINURIA , 

SERUM ALBUMIN , pCO2 ) in patients with COPD and COR PULMONALE  

and the effect of therapeutic measures on these markers” 

We are conducting a study among patients attending Govt Hospital of Thoracic 

Medicine, Tambaram and Stanley Medical College.  

The purpose of this study to evaluate the markers (MICROALBUMINURIA, SERUM 

ALBUMIN, pCO2) in patients with COPD and Cor Pulmonale and the effect of 

therapeutic measures on these markers.To compare the BMI and the biomarkers 

associated with COPD  and Cor Pulmonale and to evaluate the effect of therapeutic 

measures on these biomarkers.  

We are selecting stable COPD patients with spirometry post bronchodilator 

FEV1/FVC <0.70. Patients will be subjected to basic blood investigations, ABGA , 

microalbuminuria , ECG ,2D ECHO with colour doppler, body mass index. Patients 

will be treated with appropriate medications as per GOLD guidelines ,and the same 

investigations repeated after a follow up of 6 months . 

The privacy of the patients in the research will be maintained throughout the study. In 

the event of any publication or presentation resulting from the research, no personally 

identifiable information will be shared. Taking part in this study is voluntary. You are 

free to decide whether to participate in this study or to withdraw at any time; your 

decision will not result in any loss of benefits to which you are otherwise entitled.  

The results of the study will be intimated to you at the end of the study to aid in the 

management or treatment. 

Signature of Investigator      Signature of Participant 

Date: 
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ஆராய்ச்சி தகவல் தாள்  
ஆராய்ச்சி தலைப்பு:மூன்றாம் பராமரிப்பு மருத்துவமனையில் ஒரு எதிர்கால 
நநாக்காை ஆய்வின் மூலம் நாட்பட்ட மூச்சுகுழாய் அனடப்பு மற்றும் அதைால் 
ஏற்படும் இருதய நநாய் நநாயாளிகளின் ஆய்வக காரணிகள் ( குரிதிநீர்ப்பயத்தில் 
கருப்புரதத்தின் அளவு ,குருதி பகுதியமுக்கம் கரியமிலவாயு அளவு மற்றும் 
சிறுநீரில்நுண் கருப்புரதம் ) அளனவ கண்டறிதல் மற்றும் அதனை குணபடுத்தும் 
இயல்புனடய நடவடிக்னக எடுப்பதாைால் ஏற்படும் வினளவுகனள கண்டறிதல். 

ஆராய்ச்சியாளர் பபயர் : மருத்துவர் அ . இராமசாமி 

பங்நகற்பாளர் பபயர் : 

ஆராய்ச்சியின் ந ாக்கம் :  

1 . மூன்றாம் பராமரிப்பு மருத்துவமனையில் ஒரு எதிர்கால நநாக்காை ஆய்வின் 
மூலம் நாட்பட்ட மூச்சுகுழாய் அனடப்பு மற்றும் அதைால் ஏற்படும் இருதய நநாய் 
நநாயாளிகளின் ஆய்வக உயிர்காரணிகள் ( குரிதிநீர்ப்பயத்தில் கருப்புரதத்தின் 
அளவு ,குருதி பகுதியமுக்கம் கரியமிலவாயு அளவு மற்றும் சிறுநீரில்நுண் 
கருப்புரதம் ) அளனவ கண்டறிதல் . 

2 . எனட உயரம் விகித குறியடீ்னட, உயிர்சார்ந்த காரணிகள் ஒப்பிடுதல்  

3 . நாட்பட்ட மூச்சுகுழாய் அனடப்பு நநானய குணபடுத்தும் இயல்புனடய 
நடவடிக்னக எடுப்பதாைால் ஏற்படும் வினளவுகனள கண்டறிதல். 

ஆய்வு முலை :  
. நாட்பட்ட மூச்சுகுழாய் அனடப்பு மற்றும் அதைால் ஏற்படும் இருதய நநாய் 
நநாயாளிகனள நதர்ந்பதடுத்து அவர்களுக்கு அடிப்பனட இரத்த பரிநசாதனை , 
தமைிகுருதி வளிமங்கள், சிறுநீரில்நுண் கருப்புரதம் அளவு , இதயதுடிப்பனல 
அளவி , இரண்டு பரிமாணம் மின் ஒலி இதய வனரவு , எனடஉயரம் குறியடீு 
பரிநசாதனை பசய்யப்படும் . அதன் அடிப்பனடயில் நநாயாளிகளுக்கு  தக்க 
மருத்துவம் அளிக்கப்படும்.  

நநாயாளிகளின் ரகசியத்தன்னம ஆய்வின் முழுவதும் பாதுகாக்கப்படும். ஆய்வில் 
பங்நகற்பது நநாயாளிகளின் பசாந்த விருப்பத்திற்கு உட்பட்டது. ஆய்விைினடநய 
நநாயாளிகள் பதாடர்ந்து பங்நகற்க விரும்பாவிட்டால் அவர்கள் விலகிக் 
பகாள்ளலாம். இதைால் அவர்களுக்குண்டாை எவ்வித  மருத்துவ மற்றும் பிற 
சலுனககளும் மறுக்கப்பட மாட்டாது. ஆய்வின் மூலம் கண்டறியும் முடிவுகள் 
நநாயாளிகளிடம் பதரிவிக்கப்படும். 

 

 

ஆராய்ச்சியாளர் னகபயாப்பம்                                            பங்நகற்பாளர் னகபயாப்பம்  

நததி 
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PATIENT CONSENT FORM 

Study detail:  “To evaluate the markers  (MICROALBUMINURIA , SERUM ALBUMIN , pCO2 ) in 

patients with COPD and COR PULMONALE  and the effect of therapeutic measures on these markers” 

Study Centre: Dept. of Thoracic medicine  GHTM, Tambaram and Stanley Medical College.  

Patient’s Name: 

Patient’s Age/sex: 

ID No: 

Patient may check (√) these boxes 

a) I confirm that I have understood the purpose of procedure for the above study. I have the opportunity to ask 

question and all my questions and doubts have been answered to my complete satisfaction  ❏                                                                                                                                                           

b) I understand that my participation in the study is voluntary and that I am free to withdraw at any time without 

giving reason, without my legal rights being affected .  ❏                                                                                                                                                      

c) I understand that sponsor of the clinical study, others working on the sponsor’s behalf, the ethical committee 

and the regulatory authorities will not need my permission to look at my health records, both in respect of 

current study and any further research that may be conducted in relation to it, even if I withdraw from the study 

I agree to this access. However, I understand that my identity will not be revealed in any information released to 

third parties or published, unless as required under the law. I agree not to restrict the use of any data or results 

that arise from this study. ❏                                                  

d) I agree to take part in the above study and to comply with the instructions given during the study and 

faithfully cooperate with the study team and to immediately inform the study staff if I suffer from any 

deterioration in my health or well being or any unexpected or unusual symptoms. ❏                        

e) I hereby consent to participate in this study. ❏                                                                                   

f) I hereby give permission to undergo detailed clinical examination, radiographs ,blood investigation as 

required. ❏                                                                                                          

Signature/thumb impression    Signature of Investigator 

Patient’s Name and Address:    Study Investigator’s Name:  
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ஆராய்சச்ி ஒப்புதல் படிவம் 

ஆராய்ச்சி தனலப்பு: 

மூன்றாம் பராமரிப்பு மருத்துவமனையில் ஒரு எதிர்கால நநாக்காை ஆய்வின் 
மூலம் நாட்பட்ட மூச்சுகுழாய் அனடப்பு மற்றும் அதைால் ஏற்படும் இருதய நநாய் 
நநாயாளிகளின் ஆய்வக காரணிகள் ( குரிதிநீர்ப்பயத்தில் கருப்புரதத்தின் அளவு , 
குருதி பகுதியமுக்கம் கரியமிலவாயு அளவு மற்றும் சிறுநீரில் நுண் கருப்புரதம் ) 
அளனவ கண்டறிதல் மற்றும் அதனை குணபடுத்தும் இயல்புனடய நடவடிக்னக 
எடுப்பதாைால் ஏற்படும் வினளவுகனள கண்டறிதல் . 
 

ஆய்வு நினலயம்: தாம்பரம் பநஞ்சக மருத்துவமனை மற்றும் ஸ்டான்லி மருத்துவ 
கல்லூரி 

ஆராய்ச்சியாளர் பபயர் : மருத்துவர் அ . இராமசாமி 

பங்நகற்பாளர் பபயர் : 

பங்நகற்பாளர் எண் : 

நமநல குறிப்பிட்டுள்ள மருத்துவ ஆய்வின் விவரங்கள் எைக்கு விளக்கப்பட்டது. 
என்னுனடய சந்நதகங்கனள நகட்கவும், அதற்காை  தகுந்த விளக்கங்கனள 
பபறவும் வாய்ப்பளிக்கப்பட்டது. 

நான் இவ்வாய்வில் தன்ைிச்னசயாகத்தான் பங்நகற்கிநறன். எந்த 
காரணத்திைாநலா எந்த கட்டத்திலும் எந்த சட்ட சிக்கலுக்கும் உட்படாமல் நான் 
இவ்வாய்வில் இருந்து விலகி  பகாள்ளலாம் என்றும் அறிந்து பகாண்நடன்.  

இந்த ஆய்வு சம்மந்தமாகநவா  இனத சார்ந்த நமலும் ஆய்வு நமற்பகாள்ளும் 
நபாதும் இந்த ஆய்வில் பங்குபபறும் மருத்துவர் என்னுனடய மருத்துவ 
அறிக்னககனள பார்ப்பதற்கு என் அனுமதி நதனவயில்னல எை அறிந்து 
பகாள்கிநறன். நான் ஆய்வில் இருந்து விலகி பகாண்டாலும் இது பபாருந்தும் எை 
அறிகிநறன். 

இந்த ஆய்வின் மூலம் கினடக்கும் தகவல்கனளயும், பரிநசாதனை 
முடிவுகனளயும் மற்றும் சிகிச்னச பதாடர்பாை தகவல்கனளயும் மருத்துவர் 
நமற்பகாள்ளும் ஆய்வில் பயப்படுத்திக்பகாள்ளவும் அனத பிரசுரிக்கவும் என் 
முழுமைதுடன் சம்மதிக்கின்நறன் 

இந்த ஆய்வில் பங்கு பகாள்ள ஒப்புக்பகாள்கிநறன்.எைக்கு பகாடுக்கப்பட்ட 
அறிவுனரகளின்படி நடந்து பகாள்வதுடன் இந்த ஆய்னவ நமற்பகாள்ளும் 
மருத்துவ அணிக்கு உண்னமயுடன் இருப்நபன் என்று உறுதியளிக்கிநறன். 

 

 

ஆராய்ச்சியாளர் னகபயாப்பம்                       பங்நகற்பாளர் னகபயாப்பம்  

நததி 
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EVALUATION FORM: 

 

1. NAME: 

 

2. AGE/SEX:  

 

3. IP/OP NO: 

 

4. Biomass Exposure: 

 

5. Occupation: 

 

6. Smoking history 

 

7. Modified Medical Council grades(mMRC): 

 

8. Body Mass Index : 

 

9. Blood investigations: 

 

10. Chest x ray:  

 

 

 

11. Spirometric analysis: FEV1/FVC – 

                                                    FEV1-  

                                                    FVC-  

                                                    Post bronchodilator reversibility: 

12. ABGA  

 

13. ECG , ECHO  

 

14. Micro albuminuria 
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1 chandran  

M 

53 2 2 3 S N 3.6 38.5 

 

3 AE Y 3.8 54.5 

2 sivamani M 58 3 1 3 AE Y 4.2 54.74 

 

4 S Y 4.1 44.8 

3 devaki F 54 1 0 2 S Y 3.52 41.5 LFU 0 0 0 0 0 

4 saravanan M 50 4 3 3 S N 4.58 39.98 

 

3 S N 4.36 42 

5 chandrasekar M 61 1 4 3 S Y 3.26 56.36 

 

4 S Y 3.2 56.36 

6 jeevanantham M 56 1 4 4 AE Y 3.08 54.78 EXPIRED 0 0 0 0 0 

7 srinivasan M 62 2 3 4 AE Y 2.86 56.92 

 

3 AE Y 3 55.25 

8 kasi M 54 1 2 3 S Y 4 42.56 

 

4 S Y 4.3 43.2 

9 munusamy M 66 1 4 4 AE Y 2.84 59.62 EXPIRED 0 0 0 0 0 

10 vinothkumar M 64 1 4 4 AE Y 3.2 55.64 

 

4 S Y 3.98 45.3 

11 govindasamy M 55 2 4 4 S Y 2.98 48.52 

 

4 S Y 4.2 48.64 

12 nagalaksmi F 62 1 0 4 AE Y 3.16 50.34 

 

4 AE Y 2.98 49.5 
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13 natarajan  M 52 2 4 4 AE Y 3.3 55.4 

 

4 S Y 3.86 44.65 

14 marimuthu M 65 1 4 4 AE Y 2.9 56.36 EXPIRED 0 0 0 0 0 

15 ezhumalai M 50 1 2 2 S N 4.5 42.56 LFU 0 0 0 0 0 

16 paramasivan M 64 1 3 3 AE Y 3.35 59.64 

 

2 S Y 4.1 50.32 

17 rajan M 62 1 4 4 AE Y 3.22 58.2 

 

3 S N 3.12 56.3 

18 ramachandren M 51 1 2 3 S Y 3.46 56 

 

4 S Y 3.98 49.4 

19 kanmani F 54 1 0 2 S N 4 40.68 

 

2 S N 4.2 42 

20 karuppan  M 62 1 3 4 AE Y 3.04 54.66 

 

4 AE Y 3.2 54.6 

21 nithiyananthan M 55 1 2 4 AE Y 2.86 55.5 

 

4 S Y 3.52 47.2 

22 kannadasan M 63 1 4 4 AE Y 3.12 56 

 

4 S Y 3.69 54.68 

23 velmurugan M 49 3 3 2 S N 3.6 43.25 

 

2 S N 4.3 40.28 

24 boobalan M 53 2 2 3 S Y 3.48 54.56 

 

4 S Y 3.79 51.6 

25 salim M 61 1 4 4 AE Y 3.32 54.78 

 

4 AE Y 3.2 54.86 

26 vasantha F 54 2 0 4 AE Y 3.02 53.9 

 

4 AE Y 3.12 55.86 

27 rani F 61 1 0 4 AE Y 3.47 54.5 EXPIRED 0 0 0 0 0 

28 shankar M 58 1 4 4 S Y 3.46 49.5 

 

3 S Y 3.26 54.54 

29 kanchana F 62 2 0 4 AE Y 2.98 55.2 EXPIRED 0 0 0 0 0 

30 arumugam M 64 1 2 3 AE Y 2.85 56.98 

 

4 S Y 3.33 48.25 

31 rajaram M 48 3 2 2 S N 3.62 44 

 

2 S N 3.83 45.65 

32 subramani M 56 4 4 4 AE Y 3 54.82 

 

4 S Y 3.95 49.42 
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33 ellumalai M 65 2 2 4 AE Y 3.3 70.28 

 

3 AE Y 2.78 65.25 

34 purusothaman M 63 1 3 4 AE Y 3.48 64.6 

 

4 AE Y 3.62 58.32 

35 ravichandren M 54 1 2 3 S Y 3.32 43.52 

 

2 S Y 3.08 43.53 

36 suresh M 49 2 2 2 S N 3.52 54.5 LFU 0 0 0 0 0 

37 mohan M 69 1 1 4 AE Y 2.94 65 EXPIRED 0 0 0 0 0 

38 kumar M 60 1 4 4 S Y 3.06 44.8 

 

4 S Y 3.75 44.44 

39 bhakiyalaksmi F 51 3 0 3 S N 3.64 46.44 

 

4 S Y 3.84 48.2 

40 vijayan M 52 2 3 4 AE Y 3.14 54.5 

 

4 AE Y 3 56.24 

41 duraidass M 50 1 4 4 AE N 3.48 39.94 

 

3 S Y 3.6 40.3 

42 rajakumari F 61 2 0 3 S Y 3.92 40.24 

 

4 S Y 4.2 44.56 

43 vinayagam M 63 1 2 4 AE Y 3.2 60.3 

 

3 S Y 4 46.4 

44 parasuram M 53 3 3 2 S Y 4.2 38.8 

 

2 S Y 4.2 39.96 

45 egambaram  M 62 1 4 4 AE Y 2.86 64 

 

4 AE Y 2.9 60.6 

46 vengadesan M 63 2 3 3 S Y 3.18 40.28 LFU 0 0 0 0 0 

47 krishnan M 54 1 2 3 S Y 3.3 58 

 

2 S Y 3.62 42.5 

48 malliga F 56 3 0 2 S N 3.2 55.52 

 

2 AE Y 3.3 55 

49 mariadass M 61 1 4 4 AE Y 3 62.5 

 

3 AE Y 3.24 57.23 

50 parthiban M 49 3 2 3 S Y 3.66 54.5 

 

3 S Y 3.6 48.23 

51 senthilkumar M 65 1 4 4 AE Y 3.2 61.3 EXPIRED 0 0 0 0 0 

52 rangan M 64 1 3 4 AE Y 2.98 62.2 

 

3 S Y 3.9 46.52 



143 

 

53 sugumar M 55 2 4 4 AE Y 2.84 55.52 

 

4 S Y 3.58 47.52 

54 chinnasamy M 57 1 4 4 AE Y 3.1 54.5 

 

3 AE N 3.12 55.2 

55 rahim M 65 3 3 4 AE Y 3.46 61.45 

 

4 S Y 3.24 50.26 

56 arokiyadass M 46 2 2 3 S Y 4.9 40.32 

 

3 AE Y 3.33 46.52 

57 balamuran M 62 1 4 4 AE Y 3.16 60.3 

 

3 S Y 3.3 48.65 

58 varadhan M 59 1 4 3 S Y 3.24 41.82 LFU 0 0 0 0 0 

59 kangabash M 61 3 2 4 AE Y 3.48 59.48 EXPIRED 0 0 0 0 0 

60 gajapathi M 58 1 4 4 AE Y 3.32 59.8 EXPIRED 0 0 0 0 0 

61 selvarani F 62 2 0 3 S Y 3.16 42.5 

 

3 AE Y 3.23 57.54 

62 arjunan M 65 1 4 4 AE Y 2.8 59.35 

 

4 AE Y 3 56.54 

63 kamalakanan M 56 2 4 4 AE Y 2.98 56.25 

 

4 S Y 2.8 56.28 

64 sivakumar M 64 2 3 4 AE Y 3.22 58.48 

 

2 S Y 3.72 45.68 

65 sampathkumar M 48 1 3 3 S N 3.8 42.56 LFU 0 0 0 0 0 

66 maila shalam M 70 1 1 4 AE Y 2.84 57.4 EXPIRED 0 0 0 0 0 

67 radhakrishnan M 52 1 2 2 S N 3.1 55.52 

 

2 AE N 3.26 55.98 

68 devaraj M 57 1 4 4 AE Y 3.3 47.64 

 

4 AE Y 2.98 58 

69 venkatraman M 63 2 3 4 AE Y 3.24 57.32 

 

3 S Y 3.1 55.28 

70 thangam M 65 1 4 4 AE Y 3.2 56.45 

 

4 S Y 3.58 41.8 

71 yesudass M 58 4 2 4 S Y 3.04 42.92 

 

3 S Y 2.9 42.92 

72 janardhanan M 61 1 4 4 S N 2.88 60.2 LFU 0 0 0 0 0 
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73 syed 

mohammed 

M 62 1 4 4 AE Y 3.24 58.8 

 

4 AE Y 3.2 56.78 

74 bhakiyaraj M 47 2 2 3 S Y 3.9 56.25 LFU 0 0 0 0 0 

75 sadaiyan M 63 1 4 4 S Y 3.52 43.5 

 

3 S Y 3.6 44.3 

76 rajalaksmi F 56 4 0 3 AE Y 2.8 59.8 

 

4 S Y 3.56 48.89 

77 ganesan M 59 1 4 4 S Y 4.8 45.52 

 

3 S Y 4.8 40.38 

78 muniyandi M 64 1 4 4 AE Y 3.05 55.3 EXPIRED 0 0 0 0 0 

79 selvakumar M 45 2 3 3 S N 4.4 55.66 

 

2 S Y 4.2 46.24 

80 kandasamy M 62 1 3 4 AE Y 3.82 54.58 

 

3 AE Y 3.9 44.54 

81 vengatasubbu M 54 2 2 4 AE Y 3.33 38.45 

 

4 S Y 3.2 38.35 

82 paranthaman M 61 4 1 3 S N 3.49 46.4 EXPIRED 0 0 0 0 0 

 

SEX: 

MALE  M 

FEMALE  F 

BMI :        

< 18.5 1 UNDER WEIGHT  

18.5-24.9 2 NORMAL  

25- 29.9 3 OVER WEIGHT 

>30 4 OBESE 

SMOKING INDEX: 

NEVER SMOKER  1 

100 - 300 2 

300-600 3 

>600 4 

GOLD SEVERITY STAGING: 

1 > 80% predicted 

2 50-80%  predicted 

3 30-50% predicted 

4 <30% predicted 
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MICROALBUMINURIA  

 

DETECTED Y 

NOT DETECTED N 

 
STABLE COPD S 

ACUTE EXARCEBRATION AE 

LOST TO FOLLOW UP LFU 


