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Background: Chronic obstructive pulmonary disease (COPD) manifests itself in complex 

ways, with local and systemic effects; because of this, a multifactorial approach is needed for 

disease evaluation, in order to understand its severity and impact on each individual. Thus, our 

objective was to study the correlation between easily accessible variables, usually available 

in clinical practice, and maximum aerobic capacity, and to determine models for peak oxygen 

uptake (VO
2
peak) estimation in COPD patients.

Subjects and methods: Individuals with COPD were selected for the study. At the first visit, 

clinical evaluation was performed. During the second visit, the volunteers were subjected to the 

cardiopulmonary exercise test. To determine the correlation coefficient of VO
2
peak with forced 

expiratory volume in 1 second (FEV
1
) (% pred.) and the COPD Assessment Test score (CATs), 

Pearson or Spearman tests were performed. VO
2
 at the peak of the exercise was estimated from 

the clinical variables by simple and multiple linear regression analyses.

Results: A total of 249 subjects were selected, 27 of whom were included after screening 

(gender: 21M/5F; age: 65.0±7.3 years; body mass index: 26.6±5.0 kg/m2; FEV
1
 (% pred.): 

56.4±15.7, CAT: 12.4±7.4). Mean VO
2
peak was 12.8±3.0 mL⋅kg-1⋅min-1 and VO

2
peak (% pred.) 

was 62.1%±14.9%. VO
2
peak presented a strong positive correlation with FEV

1
 (% pred.), r: 0.70, 

and a moderate negative correlation with the CATs, r: -0.54. In the VO
2
peak estimation model 

based on the CAT (estimated VO
2
peak =15.148- [0.185× CATs]), the index explained 20% of 

the variance, with estimated error of 2.826 mL⋅kg-1⋅min-1. In the VO
2
peak estimation model 

based on FEV
1
 (estimated VO

2
peak =6.490+ [0.113× FEV

1
]), the variable explained 50% of 

the variance, with an estimated error of 2.231 mL⋅kg-1⋅min-1. In the VO
2
peak estimation model 

based on CATs and FEV
1
 (estimated VO

2
peak =8.441- [0.0999× CAT] + [0.1000× FEV

1
]), the 

variables explained 55% of the variance, with an estimated error of 2.156 mL⋅kg-1⋅min-1.

Conclusion: COPD patients’ maximum aerobic capacity has a significant correlation with 

easily accessible and widely used clinical variables, such as the CATs and FEV
1
, which can be 

used to estimate peak VO
2
.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a highly prevalent disease in clinical 

practice, currently affecting around 3 million subjects worldwide.1 Research indicates 

that it will become the third leading cause of death in 2030, with an evident impact 

on health care public expenditure.1,2

The costs for treatment and care of individuals with COPD increase substantially 

with the progression in severity of the disease, which leads to a circle of increased 

symptoms perception, reduced daily living activities, worsened quality of life percep-

tion, and increased exercise intolerance.3,4
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The complexity of COPD manifestation makes it dif-

ficult to choose a treatment protocol that encompasses each 

patient’s needs and to understand the disease impact on the 

individual’s life. Moreover, designing a severity staging 

system easily applicable in clinical practice is extremely 

difficult.5

The Global Initiative for Chronic Obstructive Lung 

Disease (GOLD) was established with the purpose to define 

COPD diagnosis, treatment, and prevention guidelines.7 

According to these guidelines, COPD staging was exclu-

sively based on pulmonary function, and by means of forced 

expiratory volume in the first second (FEV
1
) each patient 

was classified into 1 of 4 stages (mild, moderate, severe, 

and very severe).6

Therefore, pulmonary function evaluation, and especially 

FEV
1
, stood out in the care of individuals with COPD; 

besides, studies have shown FEV
1
 value to determine 

prognosis and mortality risk in this population.7 However, 

because COPD is a complex and heterogeneous disease with 

wide variation of symptoms and exacerbation frequency, 

updates of disease classification were proposed. The new 

2017 GOLD classification has come to consider pulmonary 

function, symptoms perception, and exacerbation frequency 

as fundamental parameters for the disease staging.8

In addition, evidence showed that COPD severity strongly 

correlates with exercise intolerance, which can be assessed 

by cardiopulmonary exercise test (CPET), which is the gold 

standard to assess the maximum aerobic capacity.9,10 Despite 

the importance of CPET for COPD management, the high 

cost involved in its performance makes its application unfea-

sible in clinical practice.

For successful management of COPD, it is fundamental 

to apply evaluation methods which, apart from pulmonary 

function, take into consideration the individual’s perception 

of their own disease, symptoms and impact on their general 

health, functional capacity, and quality of life. The COPD 

Assessment Test (CAT) consists of a unidirectional question-

naire that considers the individual’s perception of the disease 

and reflects their functional status.11 However, whether the 

CAT score (CATs) could estimate peak oxygen uptake (VO
2
) 

in this population has never been investigated.

Thus, the objective of the present study was to assess 

the correlation between easily accessible variables, usually 

available in clinical practice, such as the CATs and pulmo-

nary function parameters, and maximum aerobic capacity, 

and to determine models for peak VO
2
 estimation in COPD 

patients.

Methods
subjects
We recruited for the present study individuals with a diag-

nosis of COPD (stages I–IV), according to the criteria estab-

lished by the GOLD,12 who participated in previous studies 

and were undergoing COPD treatment at Sao Carlos Medical 

Specialties Center (CEME), Brazil. The collection of data 

happened between August 2015 and September 2017.

The exclusion criteria were as follows: no telephone 

contact; no confirmation of COPD diagnosis according to 

the GOLD criteria;12 conditions compatible with COPD 

exacerbation according to the GOLD criteria12 over the 

3 months preceding the evaluations; use of home oxygen 

therapy; previous or current treatment with antiarrhyth-

mic drugs; cardiac pacemaker; body mass index below 

18.5 kg/m2 or above 35 kg/m2; musculoskeletal diseases or 

deficits (cognitive, visual, auditory) that would compromise 

the performance of physical exercise on a cycle ergometer; 

previous or current history of alcoholism; any evaluation 

nonattendance.

ethics aspects
The study was approved by the Committee of Ethics in 

Research with Human Beings (protocol no 1.484.831). The 

volunteers received elucidation and guidance regarding all the 

experimental procedures to which they would be submitted 

and their noninvasive nature. After agreeing to participate in 

the study, all the volunteers signed a formal consent form, 

in compliance with the National Health Council Resolution 

no 466/2012.

Outcome measurements
The primary outcome of the present study was the relation-

ship between VO
2
peak, FEV

1
 (% pred.) and the CATs in 

COPD patients. Subsequently, FEV
1
 (% pred.) and the CATs 

were used independently to determine VO
2
peak estimation 

equations for this population.

Protocol
The experimental procedures were performed over 2 visits 

at the laboratory. During the first visit, the volunteers under-

went a clinical evaluation, which consisted of personal and 

anthropometric data collection, history of current and previ-

ous disease and comorbidities investigation, and pulmonary 

function evaluation. During the second visit, the volunteers 

performed the CPET.
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Inquiry
An inquiry was applied in an interview format; the volun-

teers answered questions related to personal data (name, 

age, address, telephone contact, and profession); history of 

current and previous disease (diagnosis, treatment, exac-

erbations, and/or hospitalizations); and symptomatology 

(evaluated through the CAT, which will be described in the 

following).

CaTs
In order to investigate the patients’ symptomatology, 

the CAT questionnaire (in its version validated for the 

Portuguese language) was applied through an interview.13 

The questionnaire includes questions about 8 items: cough, 

catarrh, chest tightness, dyspnea, limitations in home-based 

activities, confidence in leaving home, sleep, and energy. 

For each item, the volunteer chooses only 1 option, whose 

score ranges from 0 to 5, where 0 corresponds to the absence 

of symptoms and 5 to maximum symptom perception. The 

final score is given by the sum of all items, thus varying 

from 0 to 40, with higher values reflecting greater COPD 

symptoms perception.14

lung function test
To confirm their COPD diagnosis and staging, the volun-

teers underwent spirometry (CPFS/S, Med. Graphs and 

1085 ELITE DTM, Medical Graphics Corporation, St Paul, 

MN, USA). The volunteers performed 3 acceptable and 

reproducible forced expiratory maneuvers according to 

the criteria established by the American Thoracic Society/

European Respiratory Society.15 Predicted values were 

obtained considering reference values for the Brazilian 

population.16 All lung function variables were analyzed 

postbronchodilator.

CPeT
All volunteers performed a CPET on a cycle ergometer (Cori-

val Recumbent, Medical Graphics Corporation). An Oxycon 

Mobile® system (Mijnhardt/Jäger, CareFusion Corporation, 

Würzburg, Germany) was used to analyze exhaled gases.

The protocol included a 5-minute rest until gas exchange 

measurements were stable. Afterwards, the volunteers 

performed a warm-up; they were instructed to start the 

exercise and maintain a cadence of 60 rpm for 1 minute, 

with 0 workload. Then, the exercise phase was started; 

a ramp protocol was applied, with load increases from 5 

to 10 W/min, until tolerance limit. The load increase was 

individualized according to each patient’s exercise tolerance; 

patients were encouraged to perform the test until exhaus-

tion. Thus, an exercise period of between 8 and 12 minutes 

was guaranteed.

In order to guarantee the volunteers’ safety, the CPET 

was performed by a physician and 2 physiotherapists, who 

monitored a 12 leads electrocardiogram (WinCardio Systems, 

Micromed, Brasília, Brazil) and minute-to-minute blood 

pressure.

statistical analysis
The results are presented as mean and SD or median and 

interquartile range, according to data distribution. Data 

normality was analyzed by the Shapiro–Wilk test. Pearson 

or Spearman test was used to measure the correlation coef-

ficient of VO
2
peak with BMI, FEV

1
 (% pred.), and CATs. 

Correlation magnitude was determined considering the fol-

lowing classification scheme for r values: 0.26–0.49, low or 

weak; 0.50–0.69, moderate; 0.70–0.89, strong or high; and 

0.90–1.0, very high. Simple and multiple linear regressions 

were applied to determine VO
2
peak estimation models based 

on the CATs and FEV
1
 (% pred.). The level of significance 

was set at 5% (P#0.05).17,18

Statistical analysis was performed using SigmaPlot for 

Windows, version 11.0 (SyStat Software, Inc., San Jose, 

CA, USA) and SPSS, version 17.0 (SPSS Inc., Chicago, 

IL, USA).

Results
subjects’ characteristics
A total of 249 individuals were selected to participate in the 

present study based on the preestablished inclusion criteria. 

Ninety-two of them were not reachable by telephone. Thus, 

157 individuals were contacted, 44 of whom refused to par-

ticipate in the study, 29 of whom presented exclusion criteria, 

15 of whom reported not having a COPD diagnosis and not 

making use of medications, and 6 of whom were deceased. 

After this selection, 63 individuals attended the first visit at 

the laboratory, 12 of whom did not have a COPD diagnosis 

confirmed by the GOLD criteria, 14 of whom presented 

exclusion criteria, 2 of whom died during the study period, 

and 8 of whom did not complete all the evaluations or dis-

continued participation. Thus, 27 volunteers completed the 

study protocol, as shown in the flow diagram presented in 

Figure 1.

The subjects’ anthropometric and clinical characteristics 

are shown in Table 1.
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Maximum aerobic capacity
The volunteers presented a mean VO

2
peak of 12.8±3.0 

mL⋅min-1⋅kg-1, which represents 62.1%±14.9% of the 

predicted value. The variables obtained in the CPET are 

presented in Table 2.

VO
2
peak presented a strong positive correlation with 

FEV
1
 (r: 0.70, P#0.05) and a moderate negative correlation 

with CATs (r: -0.54, P#0.05). VO
2
peak did not present a 

significant correlation with BMI. Significant correlations are 

presented in Figure 2.

VO2peak estimation models
Considering the significant correlations found between 

VO
2
peak and CATs and FEV

1
 (% pred.), a simple linear 

regression analysis was performed. In the VO
2
peak estima-

tion model based on the CATs, this variable explained 20% 

of VO
2
peak variance, and the following predictive equation 

was obtained: Estimated VO
2
peak (mL⋅kg-1⋅min-1) =15.148- 

(0.185× CATs), with an estimated standard error of 

2.826 mL⋅kg-1⋅min-1. The model is described in Table 3.

In the model based on FEV
1
 (% pred.), this variable 

explained 50% of VO
2
peak variance, and the following 

equation was obtained: estimated VO
2
peak (mL⋅kg-1⋅min-1) = 

6.490+ (0.113× FEV
1
), with an estimated error of 

2.231 mL⋅kg-1⋅min-1. The model is described in Table 4.

Multiple linear regression analysis was also performed 

considering CAT and FEV
1
 (% pred.), which explained 

55% of VO
2
peak variance, and the following equation was 

obtained: estimated VO
2
peak (mL⋅kg-1⋅min-1) =8.441- 

Table 1 COPD patients’ anthropometric and clinical 
characteristics

Characteristics COPD (n=27)

age, years 65.0±7.3
gender, male/female 21/5
BMI, kg/m² 26.6±5.0
CaTs 12.4±7.4
lung function

FeV1/FVC 49.1±15.7
FeV1, % predicted 56.4±19.4

gOlD stage, n (% of patients)
1. Mild 3 (11.1)
2. Moderate 13 (48.1)
3. severe 7 (25.9)
4. Very severe 4 (14.9)
gOlD risk class, n (% of patients)

a 7 (25.9)
B 10 (37.1)
C 2 (7.4)
D 8 (29.6)

Note: Data are presented as mean ± sD or number (%).
Abbreviations: BMI, body mass index; CaTs, COPD assessment test score; COPD, 
chronic obstructive pulmonary disease; FeV1, forced expiratory volume in 1 second; 
FVC, forced vital capacity; gOlD, global Initiative for Chronic Obstructive lung 
Disease.

Table 2 Variables obtained in the CPeT in COPD patients

CPET variables COPD (n=27)

rest
hr peak, bpm 77.1±9.8
sBP, mmhg 137.0±14.0
DBP, mmhg 82.4±8.9
spO2, % 94.0±2.4
BOrg dyspnea score 0.2±0.8
BOrg lower limbs fatigue score 0.1±0.6

Incremental exercise
VO2peak, ml⋅min-1 972.6±298.9
VO2peak, ml⋅min-1⋅kg-1 12.8±3.0
VO2peak, % predicted 62.1±14.9

VCO2peak, ml⋅min-1 1,080±389.5
rer 1.1±0.1

Ve, l⋅min-1 43.4±17.0
Ve/MVV 73.9±22.8
hr peak, bpm 124.7±15.9
sBP peak, mmhg 204.4±24.5
DBP peak, mmhg 106.6±10.3
spO2 peak, % 86.8±8.9
Power, W 72.8±39.2
exercise time, seconds 568.4±142.0
BOrg dyspnea score peak 6.1±2.3
BOrg lower limbs fatigue score peak 4.3±3.6

Note: Values are presented as mean ± sD.
Abbreviations: CPeT, cardiopulmonary exercise test; DBP, diastolic blood 
pressure; hr, heart rate; MVV, maximal voluntary ventilation; rer, respiratory 
exchange ratio; sBP, systolic blood pressure; spO2, oxygen saturation; VCO2, carbon 
dioxide output; Ve, minute ventilation; VO2, pulmonary oxygen uptake.

Figure 1 Study flowchart.
Abbreviations: COPD, chronic obstructive pulmonary disease; gOlD, global 
Initiative for Chronic Obstructive lung Disease.
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(0.0999× CATs) + (0.1000× FEV
1
), with an estimated stan-

dard error of 2.156 mL⋅kg-1⋅min-1. The model is described 

in Table 5.

Discussion
The COPD patients who participated in the present study 

presented a mean VO
2
peak of 12.8±3.0 mL⋅kg-1⋅min-1, 

which represented 62.1%±14.9% of the predicted value. 

For this population, VO
2
peak presented a strong positive 

correlation with FEV
1
 and a moderate negative correlation 

with CATs. In the VO
2
peak estimation model based on CAT 

(estimated VO
2
peak [mL⋅kg-1⋅min-1] =15.148- [0.185× 

CATs]), this variable explained 20% of the variance, with 

an estimated error of 2.826 mL⋅kg-1⋅min-1. In the VO
2
peak 

estimation model based on FEV
1
 (% pred.) (estimated 

VO
2
peak [mL⋅kg-1⋅min-1] =6.490+ [0.113× FEV

1
]), this 

variable explained 50% of the variance, with an estimated 

error of 2.231 mL⋅kg-1⋅min-1. The CATs and FEV
1
 (% pred.) 

in the VO
2
peak estimation model based on CAT and FEV

1
 

(% pred.) (estimated VO
2
peak [mL·kg–1·min–1] =8.441- 

[0.0999× CATs] + [0.1000× FEV
1
]) were able to 

explain 55% of the variance, with an estimated error of 

2.156 mL⋅kg-1⋅min-1.

Due to COPD pathophysiology, it was expected that 

the volunteers would present deficits in their maximum 

aerobic capacity, measured by VO
2
peak, which is the most 

widely used variable obtained from the CPET. The values 

of VO
2
peak and percentage of the predicted value found in 

the present study are consistent with reported data, such as 

those presented in the study by Barron et al,19 in which COPD 

patients underwent CPET on a cycle ergometer and presented 

a mean VO
2
peak of 16.7 mL⋅kg-1⋅min-1, representing 69.9% 

of the predicted value.

In the study by Robles et al,20 COPD patients performed a 

CPET and presented VO
2
peak values similar to those found 

in our study (mean value of 14.2 mL⋅kg-1⋅min-1). The study 

by Skjørten et al21 also showed similar CPET parameters 

for COPD patients without pulmonary hypertension for: 

reached workload, pulmonary ventilation, and heart rate at 

the peak of the exercise. However, their results showed a 

VO
2
peak value higher than the one observed in our study 

(mean of 17.6 mL⋅kg-1⋅min-1). However, since the authors 

did not present predicted percentage values for the analyzed 

specific population, we believe that this result might have 

been observed due to differences in the ethnic characteristics 

of the population.

Table 3 VO2peak estimation model based on CaTs in COPD 
patients

Variable Coefficient Standard 
error

P-value

R2=0.200
Constant 15.148 1.072 ,0.001
CaTs -0.185 0.0742 0.019

Abbreviations: CaTs, COPD assessment test score; COPD, chronic obstructive 
pulmonary disease; VO2, pulmonary oxygen uptake.

Table 4 VO2peak estimation model based on FeV1 (% pred.) in 
COPD patients

Variable Coefficient Standard 
error

P-value

R2=0.501
Constant 6.490 1.338 ,0.001
FeV1 (% pred.) 0.113 0.0224 ,0.001

Abbreviations: COPD, chronic obstructive pulmonary disease; FeV1, forced 
expiratory volume in 1 second; % pred., percentage of predicted value; VO2, 
pulmonary oxygen uptake.

Figure 2 Significant correlations between (A) CaTs and VO2peak and (B) FeV1 (% pred.) and VO2peak in COPD patients.
Abbreviations: CaTs, COPD assessment Test score; COPD, chronic obstructive pulmonary disease; FeV1, forced expiratory volume in 1 second; % pred., percentage 
of predicted value; VO2, pulmonary oxygen uptake.
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The parameters obtained in the CPET have great rel-

evance for individuals with COPD, as shown in the study by 

Hiraga et al,22 where the authors stated that exercise capacity 

parameters measured during the CPET may be used to deter-

mine a prognosis for COPD individuals.

Understanding COPD severity and determining a prog-

nosis is a major challenge in clinical practice due to the com-

plexity of pulmonary and extrapulmonary manifestations, and 

it is now accepted that airflow limitation alone, marked by 

FEV
1
, is an insufficient marker of the disease severity.23–25

Because of this, the GOLD initiative proposes that the dis-

ease approach should be multidimensional and recommends 

that the symptoms and risk of exacerbation be considered to 

establish the severity of the disease and the risk groups.1 This 

new approach frames a significant portion of patients into a 

different risk category, thus allowing the identification and 

consequent closer monitoring of more severe patients.26

According to Hernández et al26 this new approach cri-

teria classifies higher proportions of patients in the lighter 

and more severe groups, which also occurred in our study, 

considering that approximately 11% of the volunteers 

were framed as mild (GOLD 1) and 15% as very serious 

(GOLD 4), according to GOLD 2007,1 while approximately 

26% were classified as risk A and 30% as risk D by GOLD 

2015. These data highlight the importance of assessing the 

perception of symptoms of COPD patients and reiterate the 

need to consider this variable concomitantly to the limitation 

of airflow in clinical practice.

In addition to the importance of assessing airflow limita-

tion and perception of symptoms in COPD to understand the 

disease severity, it is interesting to note that these variables 

correlate with the exercise capacity in this population. In our 

study, we found a moderate correlation between the percep-

tion of symptoms and VO
2
peak and a strong correlation 

between FEV
1
 and VO

2
peak.

The moderate correlation between CATs and VO
2
peak 

found in COPD patients in our study is in agreement with 

the findings by Chuang et al,27 which showed a significant 

moderate negative correlation between the 2 variables 

(r=-0.53, P,0.0001).20

The strong correlation between FEV
1
 and VO

2
peak that 

we found in our study was an expected result, on the basis 

of results presented in previous studies, such as that by 

Frisk et al,28 that showed a significant reduction of VO
2
peak 

over the course of 4.5 years in COPD subjects and that this 

decrease was related to an FEV
1
 reduction.

Interestingly, the correlation between FEV
1
 and VO

2
peak 

is not a unique characteristic of COPD; the study by Hassel 

et al29 showed that a predictive model of VO
2
peak in an 

elderly population without chronic diseases can be sig-

nificantly improved by the inclusion of the FEV
1
 and that, 

especially in elderly men, this parameter is an important 

predictor of cardiovascular fitness.

The strength of this study is the determination of a 

VO
2
peak estimation model for individuals with COPD based 

on CATs and FEV
1
, which are easy to obtain in clinical 

practice. To date, no other studies are available that have 

proposed VO
2
peak estimation models for COPD patients 

using simple variables which are easily obtainable in clinical 

practice. This result is relevant in clinical practice because, 

despite the importance of VO
2
peak to understand the impact 

of the disease on the patient’s health condition and to estab-

lish a prognosis, high costs of CPET, due to the need of a 

specific equipment and of specialized personnel, make it 

difficult to be used on a large scale in the daily clinical care 

of COPD patients.

Thus, indirect methods for VO
2
peak estimation are 

needed. In the present study, we proposed an estimation 

model based on the CATs, which has been gaining promi-

nence in clinical practice and has become part of the new 

approach for COPD patients’ risk classification.8 Given this 

parameter’s importance for the health condition understand-

ing of COPD patients, we expected that a model based on 

the CATs would be able to reliably estimate VO
2
peak. This 

hypothesis was confirmed by our results that showed that 

the CATs was able to explain 20% of the dependent vari-

able. The proposed prediction equation presented an esti-

mated error of 2.8 mL⋅kg-1⋅min-1, corresponding to ,1 SD 

(3.0 mL⋅kg-1⋅min-1) of directly measured VO
2
peak values.

We also expected FEV
1
 to be an important parameter 

in VO
2
peak estimation in COPD patients, because of its 

importance in the classification of COPD risk and severity, 

its well-known correlation with maximal aerobic capacity, 

and its capacity to improve VO
2
peak estimative models in an 

elderly population without chronic disease. This hypothesis 

Table 5 VO2peak estimation model based on CaTs and FeV1 
(% pred.) in COPD patients

Variable Coefficient Standard 
error

P-value

R2=0.553
Constant 8.441 1.774 ,0.001
CaT -0.0999 0.0599 0.109
FeV1 (% pred.) 0.1000 0.0230 ,0.001

Abbreviations: CaTs, COPD assessment test score; COPD, chronic obstructive 
pulmonary disease; FeV1, forced expiratory volume in 1 second; % pred., percentage 
of predicted value; VO2, pulmonary oxygen uptake.

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2018:13 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3155

Oxygen uptake prediction in COPD patients

was confirmed by our findings, which showed that FEV
1
 

was able to explain 50% of the dependent variable, with an 

estimated error of 2.2 mL⋅kg-1⋅min-1.

Using the 2 variables (CATs and FEV
1
) concomitantly 

for VO
2
peak estimation in COPD patients, we obtained an 

even more robust model, where the independent variables 

were able to explain 55% of the dependent variable, with an 

estimated error of 2.1 mL⋅kg-1⋅min-1.

The use of CATs and FEV
1
 for VO

2
peak estimation, 

both isolated and concomitantly, generated models with 

estimated errors corresponding to ,1 SD. It is worth noting 

that the VO
2
peak estimation model used in clinical practice 

presents an error around 20%–30%.30 Thus, the models 

we proposed can be used in clinical practice, also due to 

the practicality and low cost needed to obtain the indepen-

dent variables.

The present study has limitations that must be consid-

ered. Since a BMI below 18.5 kg/m2 or above 35 kg/m2 was 

defined as an exclusion criterion, the VO
2
peak estimation 

equations we presented should not be used for COPD patients 

presenting these specific characteristics. In addition, due to 

the sample characteristics, it was not possible to analyze the 

gender impact on maximal aerobic capacity, which may be 

a limitation to estimateVO
2
peak. However, we emphasize 

that the findings of the present study are clinically relevant 

and may greatly contribute to COPD patients’ pulmonary 

rehabilitation, also considering the low cost, simplicity, and 

practicality to estimate aerobic capacity in these patients. 

We also emphasize that new studies are fundamental to 

help understand the influence of clinical variables, such as 

symptoms and pulmonary function, on maximal aerobic 

capacity in COPD patients. It is worth mentioning that the 

monitoring over time of these variables in this specific popu-

lation may provide data of great interest for COPD patients’ 

rehabilitation.

Conclusion
We conclude that clinical variables that are easy to assess 

and widely used in clinical practice present a significant cor-

relation with maximum aerobic capacity in COPD patients 

and that VO
2
peak estimation models based on the CATs and 

FEV
1
 can be used in this specific population.
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