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ABSTRACT | OBJECTIVE: To evaluate the behavior of 
cardiovascular adaptation and peripheral oxygen saturation 
in individuals with COPD submitted to the six-minute walk test 
(6MWT). MATERIAL AND METHODS: It was performed a 
descriptive study with person with a diagnosis of COPD confirmed 
by spirometry of both sexes. The Medical Research Council (MRC) 
dyspnea scale and the COPD Assessment Test (CAT) questionnaire 
were used to assess the magnitude of symptoms. The 6MWT was 
used to assess effort tolerance. To measure the maximum heart 
rate (HRmax) predicted for age, specific equations were used 
for the Brazilian population. RESULTS: 34 individuals with COPD 
were evaluated, 20 (58.8%) men; FEV1 / FVC ratio was 56.7% 
± 10.2% after BD. Fourteen (41.2%) were classified as grade 
2 and were classified as grade 2 (MRC scale). The means of 
the distances covered in the first and second TC6 were 383.5 ± 
13.6; 408.6 ± 85.7 meters, corresponding to 70.7%; 75.1% in 
relation to the predicted value (p = 0.001). The mean maximum 
heart rate at the end of the first and second 6MWT were 94.1 
± 21.9; 92.3 ± 17.9 bpm and the heart rate post-percentage 
of the predicted maximum heart rate before and after the 
6MWT were 61.1% ± 17.7%; 59.7% ± 21.5% and 14 (41.2%) 
patients presented O2 desaturation on the 6MWT; 9 (26.5%) in 
the second test. CONCLUSIONS: Patients with COPD throughout 
the 6MWT show increased heart rate and O2 desaturation in 
exercise activity. 
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RESUMO | OBJETIVO: Avaliar o comportamento da adaptação 
cardiovascular e da saturação periférica de oxigênio em indiví-
duos com DPOC submetidos no teste de caminhada dos seis mi-
nutos (TC6). MATERIAL E MÉTODOS: Trata-se de um estudo de 
corte transversal, que foram incluídas pessoas com diagnóstico 
de DPOC, confirmado pela espirometria e de ambos os sexos. 
A magnitude de sintomas foi avaliada pela escala de dispneia 
Medical Research Council (MRC) e questionário COPD Assessment 
Test (CAT). Aplicou-se o TC6 para avaliar a tolerância ao esfor-
ço. Para mensurar a frequência cardíaca máxima (FC máx) pre-
vista para a idade foram utilizadas equações específicas para 
população brasileira. RESULTADOS: Avaliou-se 34 indivíduos 
com DPOC, 20 (58,8%) homens; relação VEF1/CVF foi 56,7% 
± 10,2% pós broncodilatador (BD). Quatorze 14 (41,2%) indi-
víduos apresentaram impacto clínico moderado; 16 (47,2%) dos 
avaliados apresentou grau 2 na escala do MRC. As médias das 
distâncias percorridas no primeiro e segundo TC6 foram 383,5 
± 13,6; 408,6 ± 85,7 metros, correspondendo a 70, 75%; 
75,10% em relação ao valor previsto (p=0,001). As médias da 
FC máx ao final do primeiro e segundo TC6, foram 94,1 ± 21,9; 
92,3 ± 17,9 bpm e a FC pós percentual da FC máx prevista 
pré e pós TC6 foram 61,1% ± 17,7%; 59,7% ± 21,5% e 14 
(41,2%) pacientes apresentaram dessaturação de O2 no primei-
ro TC6; 9 (26,5%) no segundo teste. CONCLUSÕES: Pacientes 
com DPOC, apresentam aumento da FC identificado pelo esforço 
submáximo, por meio do percentual da FC max. Indivíduos com 
maior comprometimento da função pulmonar apresentaram des-
saturação de O2.

PALAVRAS-CHAVE: Doença Pulmonar Obstrutiva Crônica. 
Frequência cardíaca. Dessaturação de oxigênio. Teste de 
Caminhada dos Seis Minutos.
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Introduction 

Chronic Obstructive Pulmonary Disease (COPD) 
is a preventable and treatable frequent disease.  
Is characterized by chronic and persistent 
inflammation of small and medium caliber airways, 
usually progressive. The inflammatory pulmonary 
reaction is associated to exposure to cigarrete 
smoke, occupational fumes and biomass combustion.  
The clinical presentation of COPD consists of 
dyspnea, cough and sputum production, pulmonary 
exacerbations and exercise capacity reduction1,2. 
Beyond the respiratory system pathophysiologic 
modifications, there are systemic alterations as 
muscle weakness, inferior limbs dysfunction, and 
muscular fatigue, leading to exercise intolerance 
and reduction in functional capacity3.

Due to those pathophysiological characteristics, a 
functional evaluation then becomes imperative, not 
only to determinate the functional status but also 
to design therapeutic actions, including pulmonary 
rehabilitation4. The six minute walk test (6MWT) 
has the objective of evaluate a subject functional 
capacity, being a low cost, safe, fast and cheap 
test, being not necessary any specific or complicated 
technology, and also correlates well with the 
activities of daily living (ADL), being considered 
a good predictor of COPD patients mortality. The 
distance walked in six minutes is the main outcome of 
the 6MWT, because it permits to evaluate and stage 
severity and prognosis of COPD5. 

Furthermore, 6MWT provides a submaximal effort 
cardiac frequency variation and oxygen desaturation 
in COPD patients, specially when compared to 
other functional tests described in the literature. 
Several factors contribute to the pattern of exercise 
modification of cardiac variables during this field 
test, specially exercise-induced hypoxemia, dynamic 
hyperinflation, and systemic inflammation, than can 
contribute to the submaximal response to exercise, 
which also correlates to prognosis in COPD6.

Peripheral oxygen desaturation pattern, induced by 
6MWT, provides not only useful clinical information 
associated to the reduction of ADL, but also 
correlate to the decline of Forced Expiratory Volume 
in 1 second (FEV1) linked to a worsening in COPD 
prognosis7. 

It is quite common that COPD patients experience 
dyspnea during ADL1. Once those subjects are 
limited in performing such ADL, it becomes necessary 
to describe the level of functional limitation in order 
to tailor therapeutic interventions, giving the 6MWT 
a relevant role in clinical practice. The objective 
of the present study is to describe the pattern of 
cardiovascular and peripheral SpO2 adaptation of 
COPD patients when performing the 6MWT.

Material e methods 

A cross – sectional, descriptive study was conducted 
in COPD subjects participating in the Chronic 
Respiratory Diseases Assistential Program (Programa 
Assistencial a Pessoa com Doenças Respiratórias 
Crônicas), a public practical care and educational 
program of the Phisiotherapy Department of State 
University of Bahia- UNEB  (Curso de Fisioterapia 
do Departamento de Ciências da Vida (DCV) da 
Universidade do Estado da Bahia – UNEB), ubicated 
in Salvador  – Bahia, a northwestern city of Brazil, 
between February to June, 2018. Inclusion criteria 
were stable COPD diagnosis (according to Global 
Initiative for Chronic Obstructive Lung Disease- 
GOLD Guidelines) and spirometry containing a post 
bronchodilator FEV1/FVC ratio < 0,71.  

Exclusion criteria were: 1- Any clinical condition, 
verified by a physician evaluation, that precluded 
performing the 6MWT (including uncontrolled 
systemic hypertension, unstable angina, myocardial 
infarction in the preceding three months, unstable 
cardiac or any orthopedic condition that limitated the 
performance in the test; 2- Any technical incapacity 
to detect SpO2 and HR monitoring signals on the 
pulse oximeter during the 6MWT; 3-Withdrawal of 
the Free and Informed Consent Form.    

The present study used primary and secondary data 
sources, and the data collection was performed at 
the Laboratory of Exercise Physiology, DCV / UNEB, 
Salvador-Bahia. Individuals were submitted to 
single day evaluation by a member of the research 
trained team. Sociodemographic characteristics 
were collected: age in years; sex (male and 
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female); color (white, mulatto, black, yellow); weight 
(kg); height (meter); body mass index (BMI) (kg / 
m2); social status (married, single, widowed). Clinical 
variables collected were: spirometry, stage of 
the disease, prognosis, degree and frequency of 
respiratory symptoms, and 6MWT (in two times, with 
an intervals of up to 30 minutes between them). The 
data of recent pulmonary function were obtained in 
the patient's chart of the outpatient clinic that they 
were located.  

Patients were then divided into groups according 
to the severity of the airflow limitation, determined 
by GOLD 2017, taking into account spirometry 
parameters such as forced vital capacity (FVC), 
forced expiratory volume in the first second (FEV1), 
and FEV1/FVC ratio1. 
 
The COPD Assessment Test (CAT), a questionnaire 
validated for the Portuguese language / Brazil, was 
used to evaluate symptoms of respiratory magnitude, 
which is composed of eight items, called cough, phlegm, 
chest tightness, shortness of breath, limitations in home 
activities, confidence in leaving home, sleep and 
energy. The results varied according to the range of 
the obtained scores, classified as follows in relation to 
the clinical impact: 6-10 points, mild; 11-20, moderate; 
21-30, severe; and 31-40; very severe and varying 
the score between 0 (best) and 40 (worse)8. 
 
For the assessment of dyspnea, the mMRC (Modified 
Medical Research Council) scale was used, an 
instrument that assesses the degree of dyspnea from 
strenuous physical activity to simple activities of daily 
living. This scale is divided into five groups: grade 
0 indicates that the patient refers to shortness of 
breath when performing intense physical activity as 
running, giving, practicing sport. Grade 1 indicates 
that the patient refers to shortness of breath when 
walking in a plane or when climbing a raised surface. 
Grade 2 states that the patient walks more slowly 
than people of the same age from lack of air; or 
when the patient walking on the plane, at the same 
pace, has to stop to breathe. Grade 3 indicates that 
the patient, after walking a few meters or a few 
minutes in the plane, has to stop breathing. Grade 
4 states that the patient experiences shortness of 
breath when he or she performs a simple daily life 
activity (ADL) or when this shortness of breath has 
come a time to stop him from leaving the house9. 
 

The BODE index was used to assess the systemic 
COPD impairments that reflect the limitations to 
perform ADLs10. This instrument is considered a 
multidimensional graduation system composed of 
four domains, namely: the degree of impairment of 
pulmonary function (FEV1) after bronchodilator use; 
the perception of dyspnea on the MRC scale; body 
mass index (BMI) and exercise capacity (6MWT) 
by the distance traveled in meters. The BODE index 
comprises a score ranging from zero to ten points, 
divided into four quartiles. Quartile 1 score varies 
from 0 to 2 points; quartile 2, from 3 to 4 points; 
quartile 3, from 5 to 6 points and quartile 4, from 7 
to 10 points. Such division in quartiles makes possible 
to functionally classify the COPD individuals and, the 
higher the score, the greater not only the limitation in 
the ADLs but also the mortality risk of each subject10. 

The 6MWT is simple field test, well tolerated and 
reproducible, requiring low cost equipment11,12. Each 
subject had his vital signs recorded twice by the 
researcher, before and after the test.  Systolic and 
diastolic blood pressure (BP) and heart rate (HR) 
were measured using an aneroid sphygmomanometer 
(Premium®, G-TECH). Peripheral oxygen saturation 
(SpO2) was measured with the individual in a sitting 
position while breathing room air (using a pulse 
oximeter - Rossmax®, model Palpus1 SA210). 
Dyspnea and lower limb fatigue were evaluated 
by applying the Modified Borg scale immediately 
after performing the 6MWT11.12. A practice 6MWT 
was performed before the test that was considered 
for the research, as the literature states13. There was 
a 10-minute rest interval, and then the investigator 
timed the time to perform the test. To predict the 
distance traveled during the established time, 
healthy adult reference values, both sexes, were 
used based on a study described by Britto et al12. To 
calculate the predicted maximum heart rate for age 
equations were used for the Brazilian population, 
where FC max = 211 - (0.87 * age) for men and 
FC max = 212 - (0.89 * age) for women13,14. To 
evaluate the behavior of cardiovascular adaptation, 
the equations ΔCF = (peak HR - rest HR) and HR 
reserve = (HR peak - HR rest) / (220 - age - HR 
rest) x 100 were used14,15. Regarding the SO2 
percentage drop in clinical practice the peripheral 
O2 desaturation is considered in the effort when 
SpO2 occurs a variation of 4%16. 
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The study used a convenience sample, and the sample 
of 34 individuals was able to detect, in terms of 
accuracy, a variation of 8 mmHg in systolic or diastolic 
blood pressure, or 5 bpm in heart rate, based on data 
from the literature and from the sample calculation 
table described in Hulley SB et al4,17. 
 
Data were stored in an Excel© data sheet and in the 
SPSS (v.22.0) database. The data were expressed 
as a measure of central tendency, dispersion and 
proportions. Normality of data were tested with a 
Shapiro-Wilk test. Comparisons of continuous data 
were done using  paired T – test. A p value <0.05 
was considered statistically significant. 
 
The study was approved by the Ethical and Research 
Committee of Universidade do Estado da Bahia 
(UNEB).  
 
The English version of this study was translated from 
the original portuguese by an English  speaker but 
not native speaker, using, after translating, the 1 

Checker Online software (available from : http://
www.1checker.com), a free online software designed 
and developed by SchoolPal Online Co., Ltd., 
powered by Artificial Intelligence (AI) and Natural 
Language Processing (NLP) Technologies.  

Results 
 
Thirty-four individuals with a diagnosis of COPD 
were examined according to the eligibility criteria 
and included in the final analysis of the study (Figure 
1). Twenty (58.8%) were male and 19 (55.9%) had 
less than or equal to 60 years. It was observed that 
31 (92.7%) individuals were classified as having 
black skin color and 21 (61.8%) were married   and 
in relation to the school status, 17 (50.0%) of those 
had completed elementary education. According to 
nutritional status (BMI), 17 (50.0%) were eutrophic 
(Table 1). 

Figure 1. Participants flowchart 
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Table 1. Sociodemographic charactheristics of COPD subjects, from a public university Exercise Physiology Laboratory, Salvador, BA, Brasil, 2018 (n= 34)

Table 2 shows the clinical characteristics of patients with COPD. It was observed that pulmonary function had a 
mean post bronchodilator (BD) of FVC of 66.6% ± 14.6 of predicted, FEV1 of 46.5% ± 13.1% of predicted 
and FEV1 / FVC was 56.7% ± 10.2%. More than 70.0% of the individuals were classified as having a moderate 
degree of disease according to FEV1. According to the BODE index, 13 (38.2%) patients were classified in 
quartile one and two. Regarding the symptoms, cough, phlegm, chest tightness, shortness of breath, limitations in 
home activities, confidence in leaving home, sleep and energy evaluated by the COPD Assessment Test (CAT) 14 
(41.2%) had moderate to severe clinical impact. Sixteen (47.2%) patients had shortness of breath during ADLs. 
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Table 2. Clinical charachteristics of COPD subjects, from a public university Exercise Physiology Laboratory, Salvador, BA, Brasil, 2018 (n= 34)
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Mean distance walked in the first and second 6MWTs 
were, respectively, 387.5 ± 85.6 and 411.3 ± 
87.3 meters. None patient stopped the test and the 
tests were not interrupted. According to predicted 
6MWT values12, participants walked 70.7 5 % 
meters in the first test and 75.10 % in the second test 
(p < 0.001 between the predicted value and the 
performed test). There were no statistical difference 
between the first and the second distance walked 
in the 6MWT. When comparing pre and post-test, 
there was a statistically significant increase in heart 
rate (HR), respiratory rate (RR), blood pressure 
(BP), dyspnea and lower limb fatigue, as well as 
decreased peripheral oxygen saturation, without 
clinical repercussion of this parameter. Mean HR 

variation and mean reserve HR, pre and post tests 
were, respectively, 20.2 ± 15.8 bpm; 18.8 ± 10.7 
bpm; 26.2 ± 20.4 bpm; 24.6 ± 15.3 bpm and no 
statistical difference were found. Mean maximum 
predicted HR for age was 153.7 ± 8.8. Mean 
maximum HR at the end of the first and second 
6MWT were, respectively, 94.1 ± 21.9 and 92.3 ± 
17.9 bpm (p = 0.875 between them), corresponding 
to 61,1% ± 17,7% e 59,7% ± 21,5%, respectively, 
of the age and sex percentual of predicted, being 
those predicted values  statistically different between 
them (p<0,05). In addition, the SpO2 desaturation 
observed in the present study was evidenced in 
individuals with greater impairment of pulmonary 
function. 

Table 3. Distance walked and predicted and clinical variables of First (6MWT1) and Second (6MWT2) of COPD subjects, from a public university Exercise 
Physiology Laboratory, Salvador, BA, Brasil, 2018 (n= 34)
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Discussion 
 

The present study describes the both cardiovascular 
and respiratory adaptation during the 6MWT in 
outpatients with stable COPD. The standardized, 
submaximal, 6MWT induced an increase in HR and 
a decrease in SpO2 in the patients studied. At the 
end of the 6MWT, the participants of this study 
assumed around 60% of the maximum HR predicted, 
confirming this submaximal behavior of the assumed 
exercise. There was also a mean drop of SpO2 in 
the first and second test, respectively, of -3.4 ± 4.1 
and 3.8 ± 5.3 , ratifying the capacity of 6MWT in 
identifying SpO2 desaturation during this test and 
corroborating the findings in the literature18-22. 

These physiological findings corroborate that stable 
COPD patients assume a spontaneous submaximal 
level of exercise during this field test, justifying 
the use of 6MWT in assessing functional capacity 
in individuals with chronic obstructive pulmonary 
disease. This study also shows that the 6MWT is an 
easy and feasible test to apply in a clinical practice 
situation, specially in a limited space and resource 
setting, because it is a simple to perform and there is 
no need to use expensive or complicated equipment5. 
 
When comparing the initial and final HR in the 
pre and post 6MWT, it is possible to observe a 
significant increase in HR at the end of the test. 
The increase in HR in individuals with COPD in a 
submaximal effort activity can be attributed to 
several pathophysiological aspects: increased 
metabolic demand; a increase in the air trapped 
in the alveoli during exercise, due to an increase in 
the airflow resistance of smaller airways (also called 
dynamic hyperinflation);  an increase in intrathoracic 
pressure (due to the dynamic hyperinflation), 
which consequently can produce a reduction in left 
ventricular ejection volume and, in turn, reflects 
in the increase in HR (in the intention to maintain 
elevation of cardiac output imposed by increased 
metabolic demand). Finally, an increase in HR is 
also mediated by the activation of baroreceptors19. 
Other aspects related to the cardiopulmonary 
dynamics in COPD also justify the elevation of the 
HR during the 6MWT. One of them is the stimulation 
of pulmonary stretch receptors, induced by the 
increase of tidal volume during exercise, which 
produces lowering of venous return, lowering of end 

diastolic left ventricular pressure, and consequent 
tachycardia in order to maintain a higher cardiac 
output (during exercise)13. In addition, people with 
COPD have a limited increase in systolic ventricular 
volume ejection, which can be explained by several 
factors that can be present in COPD patients, such 
as a decrease in the reserve of right ventricular 
preload, reduction of the right ventricular inotropic 
reserve, myocardial ischemia, tricuspid insufficiency, 
right-to-left ventricular interaction and alteration 
of right ventricular diastolic function20. In addition, 
the increase in heart rate during the 6MWT may be 
related to the inability of the elevation of the cardiac 
output, which can reflect a worsening of prognosis18. 
It has also been demonstrated in the literature that, 
during the 6MWT, patients with COPD spontaneously 
adopt a level of self-determined walking speed, 
which, according to the pathophysiological changes 
imposed by the disease, is unconsciously adjusted 
to reach a bearable level of exercise, submaximal, 
which by definition corresponds to the " critical 
power " or "critical walking speed " described by 
Casas et al., thus reproducing a spontaneous daily 
life activity, and justifying the use of this test as a 
way to evaluate functional capacity using an activity 
quite similar to a daily activity21. 
 
The SpO2 desaturation in people with COPD, 6MWT 
induced in the present study is justified by the 
presence of the change in the ventilation - perfusion 
mismatch in those patients, which can be worsened 
by effort, a known pathophysiological feature in 
COPD1,13. These aspects are justified not only by the 
ventilatory limitation, but also by the disproportion 
between   consumption and delivery of O2, in 
addition to a systemic inflammation and oxidative 
stress, which end up affecting peripheral muscle 
oxygenation22,23. Thus, there is a significant decrease 
in circulating levels of oxygen at both the blood and 
the muscle level, a factor that becomes responsible 
for sympathetic stimulation, causing an increase in 
blood pressure, peripheral vascular resistance, and, 
consequently, increasing the perception of dyspnea 
and muscle fatigue, thus reducing tolerance in the 
performance of submaximal exercises by these 
patients, and these physiopathological factors can 
be present both in isolation and in conjunction7. 
Previous studies have shown that the time of 
desaturation during the 6MWT is indicative of the 
possibility of desaturation during activities daily, 
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culminating in severe hypoxemia and the need for 
oxygen therapy7,12, 14. 
 
In the present study, a significant reduction in the 
distance walked in the 6MWT was seen, according 
to the predicted values for healthy individuals, 
based on the study by Brito et al12. Individuals with 
COPD in the present study walked around 70 to 
75% of the maximum distance predicted by age, 
a factor that could be justified, in addition to the 
physiopathological aspects previously described, to 
the state of inactivity, common in those patients, as 
well as in the sedentary lifestyle adopted, described 
by the low frequency and intensity effort during the 
performance of activities of daily living, as well 
as by social, cultural factors, and specially the low 
motivation of these people because of the severity 
of symptoms when performing ADLs tasks1. 
 
The perception of dyspnea and fatigue in LBW is 
one of the main complaints reported by people with 
COPD, which results in decreased functionality and 
decline in functional independence. This information 
was observed in the results of the present study, 
in which these symptoms were able to compromise 
the performance of the evaluated volunteers. The 
main explanation for this result would be because of 
the physical condition, degree of instruction about 
disease and social factors. However, some scientific 
studies show that the sensation of dyspnea and 
fatigue in lower limbs are the main symptoms of 
effort intolerance14, 21,22. These results are important 
for the understanding that not only pulmonary 
mechanics, but other factors are involved in exercise 
tolerance as well as abnormal gas exchange, 
cardiac dysfunction, dysfunction of the global 
skeletal muscle22-24. 
 
It is also added that the abnormal nutritional status 
in people with COPD is a frequent complication 
in such patients, since they are related to the 
systemic inflammation and oxidative stress related 
to the disease, which justifies the loss of muscular 
mass. In this study, however, the mean BMI of the 
sample studied were around the normal value of 
reference25,26. This finding can possibly be justified 
by sample size and sampling limitations due to the 
study design, however.
 

Among the advantages of the 6MWT, it can be 
pointed out the simplicity in performing the test, 
the utility in evaluating the limitation of functional 
capacity, as well as showing the behavior of HR 
and SpO2 in people with COPD, among with a 
low cost ( since it does not require high technology 
equipment ), good safety and  good validation in 
the literature1,11. Another important point of the 
present study is the ability of the 6MWT to correlate 
with the ADLs, determining the functional profile of 
individuals with COPD, giving a practical and useful 
application. 
 
The limitations of this study relates to the sample 
size and sampling adopted in the study design, and 
some limitation in the external validation of data 
due to the subjects become in the totality from an 
outpatient public university clinic, characterized by 
more severe and symptomatic patients, which may 
limit the generalization of results especially for a 
primary care setting where patients have milder 
stage and symptoms presentation.  
 

Conclusion 
 
It can be concluded that the 6MWT induces an 
increase in HR at the level of a submaximal effort, 
according to the predicted value for age. In this 
study, subjects with COPD also presented SpO2 
desaturation during the 6MWT performance. The 
6MWT was shown to be simple and had a low cost 
test, which justifies its use in the majority of COPD 
health care settings available.   
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