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Background and objective: COPD, a systemic illness associated with the impairment of 

different organs, affects patient prognosis and quality of life. The aim of this study was to evaluate 

the association between right ventricle (RV) function, the BODE (body mass index, airflow 

obstruction, dyspnea, and exercise capacity) index (a multifunctional scale for the assessment 

of mortality risk), and quality of life in patients with COPD.

Methods: A cross-sectional study was carried out in 107 outpatients presenting with stable 

COPD who underwent clinical assessment, spirometry, arterial blood gas analyses, a 6-minute 

walk test, electrocardiography, and echocardiogram and who responded to the Saint George’s 

Respiratory Questionnaire (SGRQ).

Results: Among the study subjects, 53% (57/107) were males, and the mean age was 

65.26±8.81 years. A positive correlation was observed between RV dysfunction measured by 

the myocardial performance index using tissue Doppler (MPIt) and the BODE index, even after 

adjustment for age and partial pressure of oxygen (r2=0.47; P,0.01). Patients with alterations 

in the MPIt had worse quality of life, and a statistically significant difference was found for dif-

ferent domains of the SGRQ. Patients with a normal MPIt had a mean total score of 46.2±18.6, 

whereas for those with MPIt alterations, the mean total score was 61.6±14.2 (P=0.005). These 

patients had a 1.49-fold increased risk of exhibiting SGRQ total score above the upper limit 

of the 95% CI (P=0.01).

Conclusion: The findings of this study suggest that RV dysfunction as measured by the MPIt 

was associated with impairment in quality of life and a worse BODE index in COPD patients, 

irrespective of age and hypoxemia status.

Keywords: COPD, right ventricle dysfunction, echocardiography, BODE score, quality of life

Introduction
Over the years, severity assessments and prognostic predictions of patients presenting 

with COPD have been changing. Since the term COPD was proposed for the first time 

during the ninth Aspen Emphysema Conference in 1965,1 assessments of disease 

severity and prognosis have become more complete and complex. In addition to clas-

sical variables such as the degree of airflow obstruction2 and presence of hypoxemia,3,4 

other parameters have been proven to be important.

Celli et al5 identified certain variables that could predict a high risk of death in 

patients with COPD: body mass index (BMI), degree of airflow obstruction mea-

sured using postbronchodilator forced expiratory volume in 1 second (FEV
1
), degree 

of dyspnea evaluated using the modified Medical Research Council dyspnea scale 

(mMRC), and distance walked during the 6-minute walk test (6MWT). Based on 
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these variables, a multidimensional scale ranging from 0 to 

10 was created, the BODE index. The BODE index proved 

to be superior to FEV
1
 in predicting the risk of death from 

any cause in COPD patients. Since then, the importance of 

the presence of comorbidities in the prognoses of patients 

presenting with COPD has been proven time and again.6–8 The 

association between the presence of pulmonary hypertension 

and mortality in COPD patients has been known for a long 

time.9 Nonetheless, recent studies have shown that structural 

and functional alterations in the right heart may start before 

any increase in pulmonary arterial pressure to levels currently 

considered pathological. Hilde et al10 evaluated echocar-

diographic examinations and right-heart catheterizations in 

COPD patients with and without pulmonary hypertension 

as well as in healthy controls and found that impaired right 

ventricle (RV) function, hypertrophy, and dilation were pres-

ent even with slight increases in mean pulmonary arterial 

pressure (mPAP; #25 mmHg), indicating an early impact 

on RV structure and function in patients with COPD. In 

another study using magnetic resonance imaging (MRI), 

greater RV concentric hypertrophy was observed in COPD 

patients without hypoxemia compared with that observed in 

controls without COPD.11

Although recent studies have proven the importance 

of MRI in RV structural and functional assessments,12 the 

scarce availability and high cost of this technique make the 

routine assessment of patients with COPD virtually impos-

sible, which enhances the importance of carefully defining 

the parameters to be evaluated on echocardiograms. The 

American Society of Echocardiography guidelines sug-

gest examining the right heart during every examination 

of adults and using multiple windows to assess qualitative 

and quantitative parameters. Moreover, the report should 

include at least one anatomic measure of RV, right atrium 

(RA), and pulmonary artery systolic pressure (PASP); RV 

systolic function (fractional area change [FAC], pulsed-wave 

tissue Doppler peak velocity at the annulus, and tricuspid 

annular plane systolic excursion [TAPSE] with or without 

the myocardial performance index [MPI]); and measures of 

RV diastolic function in some cases.13

Some studies have assessed the impact of echocardio-

graphic alterations of RV on the prognosis of patients with 

COPD.14–17 Nonetheless, it is still unclear which parameter, 

among the available structural and functional ones, would 

be more suitable for this purpose.

Considering that COPD is a systemic disease, all the 

impacts of other organ and system impairments,18 and the 

recently described presence of structural and functional alter-

ations in the RVs of patients in the early stages of the disease 

and without hypoxemia,10,11 it is clear that the influence of 

impaired RV function on COPD patients’ prognoses and 

quality of life needs to be better understood.

This study aimed to assess the correlation between RV 

structural and functional variables and the BODE index 

(a multifunctional scale to evaluate mortality risk) and to 

check the association between these variables and quality 

of life in patients with COPD.

Methods
Patients and study design
Ethical approval for the study was obtained from the local 

research ethics committee of the Universidade Federal de 

Goiás (UFG, no 575696), and written informed consent was 

obtained from all subjects.

This cross-sectional study was carried out from May 6, 

2014, to July 20, 2015, on outpatients followed up in the 

pneumology clinic of the Hospital das Clínicas of the 

Universidade Federal de Goiás, Goiânia, Goiás, Brazil, and 

those referred for pulmonary function tests. This pneumology 

clinic is located in a tertiary hospital, which generally fol-

lows up patients presenting with signs of severe COPD. 

The laboratory of pulmonary function in the same clinic 

accepts patients who are generally in the early stages of the 

disease and referred from the basic units of health to undergo 

spirometry. The inclusion criteria were: age $40 years, 

presence of the diagnostic criteria for COPD according to 

the Global initiative for chronic Obstructive Lung Disease 

(GOLD),19 and agreement to participate in the study by sign-

ing the informed consent form. The exclusion criteria were 

patients presenting with clinical instability in the 4 weeks 

before study inclusion, significant radiographic abnormalities 

not attributable to COPD, incapacity to complete or respond 

to the questionnaires presented or to perform the study pro-

cedures, arrhythmias, alterations greater than moderate in 

the mitral, pulmonary, and aortic valves or left ventricular 

function, ejection fraction ,55% according to the Teichholz 

method, BMI .40 kg/m2, echocardiographic signals of myo-

cardial ischemia, or severe renal failure (glomerular filtration 

rate ,30 mL/min per 1.73 m2). The sample was composed 

of 107 patients (Figure 1).

Procedures
Anthropometric, epidemiological, and clinical history data 

were collected, and physical examinations were carried 

out. Dyspnea was assessed by the mMRC (Table 1), and 

the patients were asked to respond to the validated version 

of the Saint George’s Respiratory Questionnaire (SGRQ) in 

Portuguese.20 Blood samples were collected for creatinine 
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and arterial blood gas analyses. Additionally, spirometry, 

chest radiography, an electrocardiogram, 6MWT, and 

echocardiography were performed for all patients. Comor-

bidities were self-reported, and no confirmatory tests were 

carried out.

BODe index
The BODE index was calculated by adding the scores obtained 

from each of its components: BMI, postbronchodilator 

FEV
1
% predicted, mMRC, and distance walked during the 

6MWT. The BODE index ranges from 0 to 10, and higher 

scores are associated with a greater death risk.5

spirometry
Pre- and postbronchodilator spirometry analyses were 

performed using a MasterScope PC spirometer (Jaeger; 

VIASYS Healthcare Inc., Yorba Linda, CA, USA), and pre-

dicted values previously reported for the Brazilian population 

were employed.21

The 6-minute walk test
All patients underwent the 6MWT while supervised by 

trained physical therapists and following the protocol of the 

American Thoracic Society.22

Quality of life
Indices of health-related quality of life were obtained using 

the SGRQ. Three component indices were calculated using 

empirically derived weightings of the symptom, activity, 

and impact scores, from which a total score was computed. 

Scores range from 0 (no disability) to 100 (maximum 

disability).

Cutoff values above the upper limit of the 95% CI of a 

previous study23 of COPD patients were taken into consid-

eration for each domain and the total score to categorize the 

study subjects.

echocardiography
Echocardiographic examinations were performed by an 

experienced echocardiographer using a MyLab™30 Gold 

Cardiovascular system (Esaote North America, Indianapolis, 

IN, USA), with images stored digitally. The measures 

obtained corresponded to the mean of three consecutive 

regular heart beats in sinus rhythm. The assessment of 

RV systolic function was both qualitative (subjective) and 

quantitative (Teichholz method). RV linear measures were 

obtained at the end of the diastole in the parasternal long 

axis (proximal RV), parasternal short axis (distal RV and 

pulmonary branches), and apical four chambers (basal, 

mid, and longitudinal cavity diameter). The measurement 

of RV wall thickness was obtained through the subcostal 

window. The linear measurements and the calculation of RA 

area were obtained through the apical four chamber plane 

at the end of the ventricular systole. Echocardiographic 

parameters of RV systolic function were measured in all 

patients. MPI was measured using pulsed-wave Doppler 

and the formula: 

  
MPI

IVCT IVRT

ET
=

+

 
(1)

where IVCT, isovolumic contraction time; IVRT, isovolumic 

relaxation time; and ET, ejection time (Figure 2). FAC was 

obtained in the apical four chamber plane by tracing RV 

endocardium both in systole and diastole (FAC = [RV area 

in diastole − RV area in systole]/RV area in diastole). TAPSE 

was measured in apical four-chamber view. Peak velocity 

at the annulus (S′) was measured using tissue Doppler and 

apical four-chamber window with the sample volume placed 

at the basal level of the RV free wall. PASP was determined 

by measuring maximal tricuspid regurgitation velocity 

(continuous Doppler in the apical four chamber plane), 

applying the simplified Bernoulli equation, and adding to 

this value an estimated RA pressure. All the measurements 

Figure 1 study sample.
Abbreviation: sgrQ, saint george’s respiratory Questionnaire.

Table 1 Modified Medical Research Council Dyspnea Scale 
(mMrC)

Grade Description of Breathlessness

mMrC 0 I only become breathless with strenuous exercise.
mMrC 1 I become short of breath when hurrying on the level 

or walking up a slight hill.
mMrC 2 I walk slower than most people the same age on the 

level because of breathlessness, or I have to stop for 
breath when walking at my own pace on the level.

mMrC 3 I stop for breath after walking ∼100 m or after a few 
minutes on the level.

mMrC 4 I am too breathless to leave the house or breathless 
when dressing or undressing.
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were performed according to the criteria established by the 

American Society of Echocardiography.13

statistical analysis
Data were stored in an electronic spreadsheet (Excel® 

Version 14.4.7; Microsoft, Redmond, WA, USA) and a unique 

database and analyzed using the IBM Statistical Package for 

the Social Sciences (SPSS) Version 23.0 (IBM Corporation, 

Armonk, NY, USA). Quantitative variables are presented as 

descriptive statistics: the mean, SD, median, minimum, and 

maximum, whereas qualitative variables of the studied group 

are presented as the absolute frequency and percentage.

A normality test of the quantitative data was performed 

using the Kolmogorov–Smirnov test. Parametric variables 

were analyzed using Student’s t-test and Pearson’s correla-

tion; variables that did not present a normal distribution were 

analyzed using the Mann–Whitney test (two levels) and/or the 

Kruskal–Wallis test (more than two levels) and Spearman’s 

correlation. Furthermore, a multiple ordinal regression was 

carried out. The chi-squared test was performed to verify 

the strength of the association between the categorized 

MPI using tissue Doppler (MPIt) and quality of life. For all 

statistical analyses, a 5% (P,0.05) level was considered 

statistically significant.

Results
Table 2 shows that among the 107 study subjects included 

in the study, 53% were men. Over half of them (51%) 

presented at least one episode of exacerbation in the year 

before their inclusion in the study. Regarding comorbidities, 

61% of the participants reported having at least one of the 

following: systemic arterial hypertension, 50%; diabetes, 

14%; dyslipidemia, 11%; and osteoporosis, 8%. One patient 

reported being treated for depression. The functional para-

meters of the 107 study subjects are also shown in Table 2.

For the assessment of dyspnea, the mMRC was used 

to classify the patients according to GOLD criteria: 22.4% 

(24/107) were GOLD A, 18.7% (20/107) were GOLD B, 14% 

(15/107) were GOLD C, and 44.9% (48/107) were GOLD D. 

Their classifications according to the BODE index are pre-

sented in Figure 3. Median BODE index was 3±3.

Quality of life was assessed using the SGRQ (Table 3) and 

valid scores were obtained for 105 patients. Table 4 shows 

Table 2 Baseline characteristics of study subjects (n=107)

Variable Mean ± SD n Frequency (%)

age (years) 65.26±8.81
BMI (kg/m2) 25.44±5.66
Pack-years smoking history 48.57±38.94
FeV1 (l) 1.37±0.67
FeV1 (%) 52.97±21.33
FVC (l) 3.00±0.97
FVC (%) 91.09±19.22
6mWT (m) 427.48±97.40
pO2 (mmhg) 71.14±16.96
pCO2 (mmhg) 40.89±5.10
Pulse oximetry (%) 93.64±4.92
Current smoker 32 29.9
Former smoker 75 70.1
Male 57 53.3
exacerbation in the last year 55 51.4
systemic arterial hypertension 54 50.5
Diabetes 15 14.0
Dyslipidemia 12 11.2
Osteoporosis 9 8.4
Depression 1 0.9

Abbreviations: BMI, body mass index; FeV1, forced expiratory volume in one 
second; FVC, forced vital capacity; 6mWT, six-minute walk test; pO2, partial 
pressure of oxygen; pCO2, partial pressure of carbon dioxide.

Figure 2 Measures of the myocardial performance index using tissue Doppler 
(MPIt) and peak velocity at the annulus (S′).
Notes: Measured using pulsed-wave Doppler of the tricuspid annulus: a, ejection 
time; b, isovolumic contraction time (1–2) + ejection time (a) + isovolumic relaxation 
time (3–4). MPI = (b − a)/a.

′

Figure 3 Distribution of the 107 study subjects according to the BODe index.
Abbreviation: BODE, body mass index, airflow obstruction, dyspnea, and exercise 
capacity.
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the echocardiographic characteristics of the study subjects. 

Except for PSAP, the other RV structural and functional 

parameters were measured in the 107 study subjects. Among 

the 126 patients assessed in this study, only one was excluded 

due to the impossibility of performing echocardiographic 

measurements. Because of a lack of tricuspid insufficiency 

values, PASP estimates were possible for just 48% (61/107) 

of the study subjects. The mean LV ejection fraction was 

66.8%±3%, and the RVSP was 37.4±20.73 mmHg. A posi-

tive correlation was observed between the BODE index and 

the diameter of the distal RV outflow tract, the MPI using 

pulsed-wave Doppler (MPIp), and the MPIt (Figure 4). For 

all other echocardiographic variables, the correlations were 

not significant (Table 4). Using an ordinal multiple regression 

model between the BODE index variable and all predictor 

variables obtained using echocardiography adjusted for age 

and partial pressure of oxygen, the MPIt maintained a sig-

nificant value (r2=0.47; P=0.01).

Moreover, after separating the study subjects into two 

groups according to normal or altered MPIt values, a sig-

nificant difference was observed in the mean BODE index 

between the two groups: 5.6±1.8 in patients with an altered 

MPIt and 2.5±1.8 in those with a normal MPI (P,0.001).

Patients with altered MPIt had the worst quality of life, 

with significant statistical differences in the activity and 

impact domains and the total score. The mean total score was 

46.2±18.6 for participants with normal MPIt and 61.6±14.2 

for those with altered MPIt (P=0.005; Figure 5). Patients 

presenting with altered MPIt had a 1.67-fold increased risk 

of exhibiting impact domain values above the upper limit 

Table 3 results of the saint george respiratory Question-
naire (sgrQ) of study subjects that completed it appropriately 
(n=105)

Domain Mean ± SD Median Minimum Maximum

symptom 48.7±21.2 49.4 0.0 88.9
activity 60.5±21.3 66.2 5.2 93.9
Impact 40.9±21.0 41.5 1.6 95.2
Total score 48.1±18.7 48.5 5.3 86.9

Notes: results range from 0 to 100; higher scores mean worse quality of life.

Table 4 anatomic and functional parameters observed in the 
echocardiograms of study subjects (n=107) and correlation of the 
right ventricle variables with the BODe index

Heart anatomy and function Mean ± SD Correlation with 
the BODE index

rVOT proximal diameter (mm) 24.5±3.7 r=0.11; P=0.26
rVOT distal diameter (mm) 27.3±3.0 r=0.27; P=0.01
rV basal diameter (mm) 33.2±5.0 r=0.12; P=0.20
rV medium diameter (mm) 23.7±4.8 r=0.02; P=0.84
rV longitudinal diameter (mm) 64.2±8.8 r=0.01; P=1.00
rV wall thickness (mm) 4.9±0.9 r=0.16; P=0.10
ra major dimension (mm) 40.8±6.8 r=−0.06; P=0.52
ra minor dimension (mm) 32.8±6.0 r=0.01; P=0.92
ra area (mm2) 10.6±3.2 r=0.03; P=0.79
Pulsed-wave tissue Doppler peak 
velocity at the annulus (cm/s)

11.9±2.0 r=−0.11; P=0.24

TaPse (mm) 21.6±3.8 r=−0.12; P=0.21
FaC (%) 45.6±7.6 r=−0.07; P=0.46
MPI tissue Doppler 0.4±0.1 r=0.31; P=0.01
MPI pulsed-wave Doppler 0.4±0.2 r=0.22; P=0.02
Pa diameter (mm) 19.3±2.6 r=−0.05; P=0.60

Abbreviations: RVOT, right ventricle outflow tract; RV, right ventricle; RA, right 
atrium; TaPse, tricuspid annular plane systolic excursion; FaC, fractional area 
change; MPI, myocardial performance; Pa, pulmonary artery; BODe, body mass 
index, airflow obstruction, dyspnea, and exercise capacity.

Figure 4 scatter plot of the correlation between the BODe index and tissue 
Doppler (MPIt).
Abbreviations: MPIt, myocardial performance index using tissue Doppler; BODe, 
body mass index, airflow obstruction, dyspnea, and exercise capacity.

Figure 5 Mean quality of life scores with 95% CIs between normal myocardial 
performance index values using tissue Doppler (MPIt; #0.55) and MPIt with 
alterations (.0.55). *P,0.01.
Abbreviation: sgrQ, saint george’s respiratory Questionnaire.
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of the 95% CI (P=0.004) and a 1.49-fold increased risk 

regarding the total score (P=0.01). For the symptom and 

activity domains, the associations were not significant.

Discussion
The findings of the present study showed a correlation 

between impaired RV function according to the MPI and the 

BODE index score. Furthermore, it showed that patients with 

impaired RV function had worse quality of life than those 

presenting with normal parameters.

The MPI is an easily measurable parameter, feasible in 

most patients, and reproducible.13,14 It provides an index of 

both diastolic and systolic global RV function. It is defined 

as the relationship between isovolumic time (isovolumic 

contraction time + isovolumic relaxation time) and ejection 

time (Figure 2).

The prognostic value of echocardiographic findings 

regarding RV structure and function in COPD patients has 

been focused on in some studies. In a longitudinal study, 

Burgess et al14 evaluated 87 patients with chronic pulmonary 

diseases (including 18 with COPD) and reported that com-

bined systolic and diastolic function measurements as well 

as the MPI presented significant prognostic value. The MPI 

could be measured in almost all study subjects (86/87), simi-

lar to our study. In a retrospective study including 49 patients 

with COPD, a significant correlation was observed between 

the MPI and mMRC, one of the components of the BODE 

index. In the same study, the MPI presented correlations with 

the general survival rate and hospitalization.15

In two other studies, the authors searched for confirma-

tions of associations between echocardiographic alterations 

and the BODE index. In the first, Cuttica et al16 found an 

association between RA area, RV wall thickness, and distance 

walked during the 6MWT, regardless of pulmonary function, 

sex, age, race, or BMI (P=0.003 and P=0.04, respectively). 

Each 1 mm change in RV wall thickness was associated with 

a 43.8 m decline in the distance walked during the 6MWT. 

In the present study, no significant correlation was found 

between structural measures of the RV and the 6MWT (data 

not shown) or the BODE index. Similarly, Cuttica et al16 

did not find correlations between variables of RV function 

(TAPSE and FAC) and the 6MWT or the BODE index. 

However, different from the present study, they did not assess 

the MPI. The authors included patients presenting a higher 

mean age and, despite having included only subjects with 

an FEV
1
 .50%, they reported a smaller mean value for the 

6MWT compared with the present study, which could account 

for the differences between the findings of the studies.

In the second study conducted by Gökdeniz et al,17 

which included 135 patients with COPD and 37 controls 

not presenting with any respiratory disease, the authors 

observed impairment of RV functional parameters in patients 

presenting with higher BODE index scores. They also found 

significant differences in TAPSE, systolic myocardial 

velocity, FAC, MPI, and RV-free wall strain between groups 

divided into quartiles according to the BODE index, as well 

as significant correlations between two of the variables that 

compose the BODE index (FEV
1
 and 6MWT) and all the 

RV functional variables. In our study, the MPI was the only 

functional parameter that presented a significant correlation 

with the BODE index and its components. Most subjects in 

the study conducted by Gökdeniz et al17 were male (92.5%), 

different from our study, and it also included a higher number 

of patients presenting a higher BODE index, which could 

imply they were sicker and explain the differences in the 

results of the studies.

In a broad recent prospective study, which encompassed 

777 patients presenting other forms of pulmonary hyperten-

sion, the higher prognostic value of the MPI was confirmed 

among all assessed echocardiographic RV function parame-

ters (hazard ratio, 3.42; 95% CI, 1.777–6.584; P,0.001).24

MPI evaluates global cardiac function (systolic + 

diastolic), different from the other assessed parameters that 

measure systolic function (FAC, TAPSE, S′). RV concentric 

hypertrophy precedes systolic dysfunction.11 In some recent 

studies, the correlation between diastolic function and 

exercise capacity, measured by 6mWT, one of the com-

ponents of the BODE index, has been demonstrated.25,26 

These findings may explain why only MPI and not the other 

functional variables were correlated with the BODE index 

in our study, which included patients presenting with all 

stages of COPD.

Thus far, to the best of our knowledge, no study has been 

conducted to evaluate the impact of changes in RV structure 

and function on the quality of life of COPD patients as 

assessed using specific questionnaires. It has already been 

shown that even patients with mild airflow obstruction can 

have worse quality of life scores than normal individuals27,28 

and that the presence of comorbidities can be related.28,29

Other variables such as obstruction severity,30 degree 

of dyspnea,31 and exacerbations32 have been reported as 

independent factors associated with quality of life. In this 

study, the SGRQ was used, and statistically significant dif-

ferences were found in the total score and other domains 

when comparing groups of patients with or without altered 

MPIs, which is the same variable that was correlated with the 
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BODE index. Study subjects with altered MPIs had higher 

scores, which indicate a more compromised quality of life 

compared with those with normal MPIs. In this study, a sig-

nificant association was observed between the MPI and qual-

ity of life regarding the impact domain and the total score, 

which mostly reflect cardiac conditions, since they assess 

activities affected by the disease as well as its psychosocial 

impact. The lack of association with the symptom domain 

was expected, because the questions are intended to mainly 

evaluate bronchial symptoms. For the activity domain, the 

small number of patients presenting altered values together 

with the small number of questions in this domain might 

not have been sufficient to show statistical significance. 

This finding suggests an impaired quality of life in patients 

presenting with altered RV function.

Limitations
Although the total number of patients included in this 

study was relatively small compared with the number 

of all patients with COPD, since they were consecutive 

patients scheduled for appointments or spirometry, this 

might have resulted in good representativeness of the 

patient population of both a tertiary hospital and of a 

primary health care unit. Nevertheless, the small proportion 

of patients presenting with BODE index scores .5 may 

have hindered a stronger correlation between this index 

and echocardiographic variables. The lack of comparisons 

using MRI, considered the gold standard for assessing the 

RV ejection fraction, may also be considered a limitation 

of this study. However, the objective of the present study 

was to assess the correlation between RV structural and 

functional variables and the BODE index in a feasible and 

easily reproducible way, even in small municipalities with 

scarce resources.

Conclusion
RV functional alteration, appropriately measured in most 

patients using the MPI, was a predictor of a worse BODE 

index in COPD patients, regardless of age and degree of 

hypoxemia, and a compromised quality of life. These find-

ings corroborate the importance of a better understanding of 

echocardiographic parameters that reflect RV function, and 

especially the MPI, to better treat patients with COPD.
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