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ABSTRACT
Background: Complexity of COPD and mortality from the disease is increased by co morbidities and exacerbations
Objective: This study was conducted with aim to find the prevalence of cardiac co morbidity in COPD and its relation to severity 
staging of COPD.
Methods: The present cross sectional study was done in Pulmonary Medicine outpatient department of Mahatma Gandhi Medi-
cal College and Research Institute, Pondicherry from March 2013 to June 2014. The study diagnosed and newly diagnosed 
of COPD patients were subjected to Pulmonary Function Test (PFT), assessment of blood pressure, electrocardiography and 
echocardiography. The statistical analysis was done to assess the cardiovascular status of the study subjects and its relation to 
severity staging of COPD.
Results: In the total of 44 cases selected for study 42 (95.5%) were males and 2(4.5%) were females. On the basis of GOLD 
guidelines there were 5(11.4%), 13(29.5%), 16(36.4%) and 10(22.7%) mild, moderate, severe, and very severe COPD respec-
tively. Right axis deviation, p-pulmonale, T-wave inversions, dominant R-wave, persistent S-wave in electrocardiography were 
present in 45.5%,52.6%,40.0%,33.3%,36.4% of severe and 54.5%,36.8%,60.0%,58.3%,63.6% in very severe cases of COPD. 
In echocardiography, right atrium and ventricle dilatation, left ventricular dysfunction, tricuspid regurgitation, and regional wall 
motion abnormalities were present in 55.6%, 46.15%, 50.0%, 37.5% of severe and 38.9%, 53.85%, 33.3%, 62.5% of very severe 
cases of COPD. Pulmonary artery systolic pressure and systemic hypertension increased with severity of COPD.
Conclusion: Prevalence of cardiac co morbidities increases with the increase in severity of COPD. The severe and very severe 
stages of COPD are associated with significant cardiovascular diseases.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is character-
ized by progressive airflow limitation that is not fully revers-
ible1. It is a leading cause of death worldwide2. COPD bring 
forth high healthcare costs3, imposes a significant burden in 
footing of disability and impaired quality of life4. It is an 
important public health dispute that is both preventable and 
treatable. Among the diseases causing chronic morbidity and 
mortality throughout the world many elderly people suffer 

from COPD and die prematurely from it or its complications. 
In coming decades because of continued exposure to risk 
factors, COPD is projected to increase globally5.

COPD has been considered symptomatically as chronic 
bronchitis, anatomically as emphysema, physiologically 
as airflow obstruction in the past6. Both genetic and envi-
ronmental factors play a role in development of COPD. In 
addition to tobacco smoke, heavy exposure to occupational 
dusts, chemicals and indoor/outdoor air pollution may cause 
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COPD. The hereditary deficiency of 1-antitrypsin is genetic 
risk factor for development of COPD7-9. The socioeconomic 
status is inversely related to the development of COPD10. 

    Complexity and mortality of COPD is increased by its co 
morbidities and exacerbations11-14. COPD is a more complex 
systemic disease that has significant extra pulmonary effects 
along with pulmonary involvement15-17. In relation to COPD 
and its manifestations and co morbidities there are two 
different views. The first view is that there is systemic spill-
over of the inflammatory and reparatory events occurring 
in the lungs of COPD patients and second view is that the 
pulmonary manifestations occurring in COPD is just a form 
of expression of systemic inflammatory state with multiple 
organ compromise14,18. In two-thirds of the COPD patients 
there is one or two co morbidities19. The most common 
co morbidities described in association with COPD are 
arterial hypertension, coronary artery disease, heart failure, 
respiratory infections, lung cancer, diabetes mellitus and 
osteoporosis. There is significant impact of co morbidities 
on health status, healthcare costs and prognosis of COPD. 
The mortality is more from co morbid disease than COPD 
itself20-22. The most frequent and most important disease 
coexisting with COPD is cardiovascular diseases23, 24. 
Cardiovascular diseases particularly ischemic heart disease 
has been observed as the cause of death in COPD patients 
recently25, 26. It may be associated with smoking as it is a 
cause of both. But forced expiratory volume in first second 
(FEV1) is a well known risk factor for the development of 
ischemic heart disease that is independent of smoking habit27.

There is limited studies and research into the co-morbidities 
of COPD. Most of the studies have analyzed the relation 
of COPD with several isolated diseases. This study was 
conducted to find the prevalence of cardiac co-morbidity in 
relation to severity staging of COPD.

METHODOLOGY

This study was an institutional cross sectional study done 
in Pulmonary Medicine outpatient department of Mahatma 
Gandhi Medical College and Research Institute, Pondicherry 
from March 2013 to June 2014. The study was approved by 
the institutional ethical committee.

The study subjects were all the patients who were previously 
diagnosed and newly diagnosed of COPD attending the Pul-
monary Medicine outpatient department of Mahatma Gandhi 
Medical College and Research Institute, Pondicherry select-
ed by series allocation from March 2013 to June 2014. All 
patients with acute exacerbation of COPD unable to perform 
spirometry and patients with contraindication for spirometry 
like history of recent myocardial infarction, congenital heart 
disease were excluded from the study. A volunteer written 

consent was taken from all the patients before the study. 

The selected patients were subjected to Pulmonary Func-
tion Test (PFT) with flow sensing PFT machine of MIR 
Spirobank 2 and assessed for severity and stage of COPD 
according to GOLD guidelines as per follows.

Classification of Severity of Airflow Limitation in COPD 
according to GOLD guidelines

Based on Post Bronchodilator Forced Expiratory Volume in 
first second (FEV1).In patients with FEV1/Forced Vital Ca-
pacity (FVC) < 0.70:

GOLD 1:  Mild               FEV1 >/= 80% Predicted

GOLD 2:  Moderate       FEV1 >/= 50% to </= 80% Predicted

GOLD 3:  Severe            FEV1 >/= 30% to </= 50% Predicted

GOLD 4:  Very Severe   FEV1 < 30% Predicted

In the established cases of COPD and the newly diagnosed 
cases of COPD, blood pressure assessment, electrocardiog-
raphy (ECG) and transthoracic Doppler echocardiography 
was done to assess for cardiac abnormalities. 

Blood pressure was measured using a calibrated sphyg-
momanometer. The study was done by taking two independ-
ent blood pressure measurements with 5 min pause after 
a rest of 5 min in a sitting position. In current analysis the 
mean of two measurements was taken. The blood pressure 
was classified according to the guidelines of Seventh Joint 
National Committee (JNC 7).

Table 1: Seventh Joint National Committee (JNC7) classifica-
tion of blood pressure

Blood Pressure Clas-
sification

Systolic 
BP(mmHg)

Diastolic 
BP(mmHg)

Normal <120 and < 80

Pre hypertension 120 - 139 or 80 - 89

Stage 1 Hypertension 140 - 159 or 90 - 99

Stage 2 Hypertension ≥ 160 or ≥ 100

All the patients were subjected to Electrocardiography 
(ECG) using machine of Mortara ELI 250. A twelve lead 
ECG including 3 bipolar limb leads, 3 unipolar limb leads 
and 6 unipolar precordial leads was performed. All necessary 
precautions desired in ECG were observed. Various ECG 
parameters like rate, axis deviation, P-wave changes, QRS 
complex, T-wave changes, ST changes were observed. The 
axis of P-value and QRS complex was calculated by hex-
axial reference system. 

All patients were then subjected to transthoracic Doppler 
echocardiography using machine of Philips iE33 with a mul-
ti frequency probe of 2- 4.3 MHz to assess for, right side 
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chamber size, left ventricle function, valvular status and pul-
monary artery systolic function according to American Soci-
ety for Echocardiography (ASE) guidelines.

Tricuspid regurgitant flow was identified by color flow Dop-
pler technique and the maximum jet velocity was measured 
by continuous wave Doppler without the use of intravenous 
contrast. In the absence of right ventricular outflow obstruc-
tion the pulmonary artery systolic pressure equals the right 
ventricular systolic pressure (RVSP) in echocardiography. 
The Modified Bernoulli equation (∆p=4V2) was used, where 
∆p  is the pressure gradient between the right ventricle and 
right atrium and v is the velocity of the tricuspid regurgi-
tant jet. Right ventricular systolic pressure was calculated as: 
right ventricular systolic pressure = 4TRV2 + RAP where v 
is the velocity of the tricuspid regurgitant jet and RAP the 
right atrial pressure. Right atrial pressure was estimated from 
the inferior vena cava imaged with two-dimensional echo-
cardiography. RAP was estimated to be 5, 10, or 15 mmHg 
based on the variation in the size of inferior vena cava with 
inspiration as follows: complete collapse, RAP = 5 mmHg; 
partial collapse, RAP = 10 mmHg; and no collapse, RAP = 
15 mmHg28. Pulmonary hypertension (PH) was defined in 
this study as Pulmonary Artery Systolic Pressure (PASP) ≥ 
30 mmHg28. This value was chosen according to the defi-
nition of pulmonary hypertension. Pulmonary hypertension 
was classified into mild, moderate, and severe category as 
PASP 30–50, 50–70, >70 mmHg, respectively.

STATISICAL METHOD

SPSS version 19.0 (IBM SPSS, US) was used to analyze the 
data. The quantitative variables have been described as mean 
± SD or Frequency analysis with numbers and percentage. 
The study was statistically analyzed by Pearson Chi- square 
test. Value of p< 0.05 was considered significant.

RESULTS

In a total of 44 patients with COPD enrolled in the study 
42(95.5%) were males and 2(4.5%) were females. The mini-
mum age observed was 42 years and maximum 79 years. 
The mean age group in our study was 61.25 with a standard 
deviation of 8.662.

The distribution of patients with severity staging of COPD 
on the basis of GOLD guidelines described in Table 2

Table 2: Severity staging of COPD
Severity staging of COPD Count Column N %

Post BD Fev 1% 
Predicted

Mild 5 11.4%

Moderate 13 29.5%

Severe 16 36.4%

Very severe 10 22.7%

Total 44 100.0%

The ECG changes observed in our study were right axis de-
viation, p pulmonale, t wave inversion in V1 and V2 was 
dominant r wave in V1 lead, persistent S wave in V5 and V6.

The changes of right axis deviation was seen in 11(25.0%) 
of which 5(45.5%) and 6(54.5%) was severe and very se-
vere COPD respectively (p value 0.005). The presence of 
P pulmonale was observed in 19(43.2%) patients of which 
2(10.5%), 10(52.6%), 7(36.8%) were moderate, severe and 
very severe COPD respectively (p value 0.004). The chang-
es of T wave inversion in V1 and V2 lead was observed in 
5(11.4%) of which 2(40.0%) and 3(60.0%) was severe and 
very severe COPD respectively. The changes of dominant R 
wave in V1 lead was seen in 12(27.3%) of which 1(8.3%), 
4(33.3%) and 7(58.3%) was moderate, severe and very se-
vere COPD respectively (p value0.003). The changes of per-
sistent S wave in V5 and V6 lead seen in 11(25.0%) of which 
4(36.4%) and 7(63.6%) was severe and very severe COPD 
respectively (p value 0.001).

The echocardiography findings seen in our study were right 
atrium and ventricle dilatation, left ventricular dysfunction, 
tricuspid regurgitation, regional wall motion abnormality 
and increase in Pulmonary artery systolic pressure (PASP).

The changes of right atrium and ventricle dilatation was seen 
in 18(40.9%) of which 1(5.6%), 10(55.6%) and 7(38.9%) 
was moderate, severe and very severe COPD respectively 
(p value 0.001). There was left ventricular dysfunction in 
13(29.5%) of which 6(46.15%) and 7(53.85%) was severe 
and very severe COPD respectively (p value 0.001). The 
changes of tricuspid regurgitation was seen in 24(54.5%) 
of which 4(16.7%), 12(50.0%) and 8(33.3%) was moderate, 
severe and very severe COPD respectively (p value 0.003). 
The presence of regional wall motion abnormality was seen 
in 8(18.2%) of which 3(37.5%) and 5(62.5%) was severe and 
very severe COPD respectively (p value 0.013).

The Pulmonary artery systolic pressure (PASP) observed 
were mild (30-50mmHg), moderate (50-70 mmHg) and se-
vere (>70 mmHg) in 26(59.09%), 13(29.55%) and 5(11.36%) 
of patients respectively. The distribution of PASP on the ba-
sis of severity staging of COPD is depicted in Figure 1
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Figure 1: PASP (mmHg) on the basis of severity staging of 
COPD (x axis- percentage of patients, y axis- correlation of 
PASP with severity staging of COPD) 

The assessment of blood pressure in our study showed 
distribution in all stages as depicted in Figure 2.

Figure 2: Staging of blood pressure 

The correlation of blood pressure with severity staging of COPD is depicted in Table3.

Table 3: Blood pressure with severity staging of COPD

Table 2
Normal Pre hypertension Stage 1 Hypertension Stage 2 Hypertension

Count Column N % Count Column 
N %

Count Column N % Count Column N %

POST BD 
FEV1% PRE-
DICTED

Mild 4 16.7% 0 .0% 1 10.0% 0 .0%

Moderate 10 41.7% 3 37.5% 0 .0% 0 .0%

Severe 7 29.2% 5 62.5% 3 30.0% 1 50.0%

Very severe 3 12.5% 0 .0% 6 60.0% 1 50.0%

Total 24 100.0% 8 100.0% 10 100.0% 2 100.0%

DISCUSSION

There are various cardiac manifestations in COPD which 
complicate its clinical course. In patients with COPD with 
associated cardiovascular diseases the morbidity and mortal-
ity is seen to be increased as shown in various studies29-31.

COPD and cardiovascular diseases has various common risk 
factors, including smoking and aging. The presence of pro 
inflammatory mechanism and oxidative stress is seen in both 
diseases32-35. The sedentary lifestyle in COPD may also con-
tribute to risk of developing cardiovascular diseases36.

Among the 44 cases in our study all patients had ECG chang-
es. The changes of right axis deviation in ECG were present 
in only severe and very severe COPD in our study. In a study 
by Padmavati et al the observation of right axis deviation in 
ECG of COPD patients were found to be 80%37. In concord-
ance with our results, a study by D Holtzman et al reported 
high prevalence of right axis deviation in ECG in COPD pa-
tients, increasing with severity of the disease38.

P pulmonale is diagnosed when the amplitude of P wave in 
Lead  II, III, and/or aVF is more than 2.5 mm. In a study by 
D.H Spodicks et al39,  p pulmonale was observed in 13.9% 
of COPD patients. F. I Carid et al40 found the incidence of p 
pulmonale in 15.5% while R.C Scott et al41 and Pinto et al42 

done a study on COPD patients showing the incidence of p 
pulmonale of 32.7%. In an Indian study by Aggarwal et al43 
the incidence of p pulmonale was found to be 35.7%. In our 
study the p pulmonale was observed more in severe COPD 
10(52.6%).

However in our study the T wave inversion in V1 and 
V2 leads were not statistically significant but was seen in 
2(40.0%) and 3(60.0%) patients of severe and very severe 
COPD respectively.

Our study showed statistically significant changes in ECG 
like dominant R wave in V1 lead and persistent S wave in V5 
and V6 increasing with the severity of COPD.

The observed data shows that the features suggesting right 
ventricular hypertrophy increases with severity of COPD 
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with more number of cases reported in severe and very se-
vere stages of COPD.

In our study echocardiography changes of right atrium and 
ventricle dilatation were seen increasing in severe cases of 
COPD. Soriano et al23 the overall prevalence of heart failure 
in COPD was observed as 7%. It was corresponding to the 
severity of airflow limitation.

In a study by Higham M.A et al in which the presence of 
tricuspid regurgitation (TR) was observed in 56(77%) out of 
73 COPD patients44. We also observed a significant number 
of patients in severe and very severe COPD with this abnor-
mality.

Our study showed that a significant number of patients also 
had regional wall motion abnormality and left ventricular 
dysfunction. In a study the prevalence of chronic obstruc-
tive pulmonary disease in patients with catheter diagnosed 
coronary artery disease by Ahmed A.H et al has shown that 
more than 1 in 4 patients with coronary artery disease had 
concomitant COPD45. In a study by Reed R.M et al preva-
lence of angiographically proven coronary artery disease in 
COPD was 59%46.

Pulmonary hypertension (PH) was defined in this study as 
Pulmonary Artery Systolic Pressure (PASP) ≥ 30 mmHg28. 
This value was chosen according to the definition of pulmo-
nary hypertension. Pulmonary hypertension was classified 
into mild, moderate, and severe category as PASP 30–50, 
50–70, >70 mmHg, respectively. In our study the following 
was the distribution as depicted in Table4

Table 4: Correlation of Pulmonary artery systolic pressure with 
severity staging of COPD

Pulmonary 
artery systolic 
pressure
(PASP) in 
mmHg

Mild 
COPD

Moderate 
COPD

Severe 
COPD

Very severe 
COPD

Mild (30 – 50) 19.2% 50.0% 19.2% 11.5%

Moderate (50 
– 70)

0 0 76.9% 23.1%

Severe (>70) 0 0 20.0% 80.0%

In another study by M.A Higham et al the pulmonary artery 
systolic pressure was increased in 25%, 43%, and 68% of pa-
tients with mild, moderate, and severe COPD, respectively44. 
There is evidence suggesting that elevation of pulmonary 
arterial pressure is reported to occur in twenty to ninety per-
cent of patients of COPD47-50. The presence of Cor pulmonale 
was seen in approximately 25% patients with COPD51.  An 
autopsy study showed Cor pulmonale in 40% patients with 
COPD49,52.

The Correlation of blood pressure with severity staging of 
COPD in our study is depicted in Table 5.

Table 5: Correlation of Pulmonary artery systolic pressure with 
severity staging of COPD

Blood pres-
sure

Mild COPD Moderate 
COPD

Severe 
COPD

Very severe 
COPD

Normal 16.7% 41.7% 29.2% 12.5%

Pre hyperten-
sion

0 37.5% 62.5% 0

Stage1 hy-
pertension

10.0% 0 30.0% 60.0%

Stage2 hy-
pertension

0 0 50.0% 50.0%

In a study by Engstrom et al it was found that lung func-
tion was inversely associated with future blood pressure in-
crease53. Our study also showed that the mean distribution of 
patients with increased blood pressure were more in advance 
stages of COPD.

The study has some limitations. First the sample size was 
less. Second, the absence of a control group limits a definite 
assessment of the role of COPD in the pathogenesis of car-
diac disorders. Thirdly, the study had a cross-sectional de-
sign, so no causal relationships with clinical outcomes could 
be established. Studies with larger sample size with a longer 
duration will be required to assess the outcome. The other co 
morbidities in COPD should have to be taken for study with 
considering the individual as whole.

The study indicates that COPD is associated with a higher 
risk for cardiovascular diseases and the risk of cardiovascu-
lar diseases increases with the severity of COPD. 

CONCLUSION

The study showed that cardiac disorders are highly prevalent 
in patients with severe-to-very severe COPD. All COPD pa-
tients must be evaluated for cardiac co- morbidities, since it 
might help establish adequate treatment that may potentially 
improve patient prognosis.
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