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Abstract

Introduction: Chronic Obstructive Pulmonary Disease patients typically present breathlessness and reduced
exercise capacity. Our study aimed to better understand the correlation between 6MWD and CPET performance.

Methods: We conducted an observational prospective study. Consecutive stable COPD patients referred to the
Lung Function Laboratory were recruited.

Results: Our 116 patients were predominantly male (88%), very symptomatic (68% GOLD B or D) and non-
exacerbators (69%). Most patients had severe or very severe airflow limitation (55%) - median FEV1 was 48% (IQ
38-68). Median DLCO was 58% (IQ 46-75). Median 6MWD was 480m (406-515) and median workload (CPET)
was 64W (46-88) with peakVO2 15.7L/min/kg (13.6-18.1). Median ASpO, was 5% (3-9%) in 6MWT and 2% (1-6) in
CPET. FEV1 and DLCO were important predictors of exercise capacity and desaturation in CPET and 6MWT. The
6MWD correlated with CPET peak workload and peak VO2; 6MWD of 440m estimates reduced exercise capacity

in CPET (VO2 <60%).
Conclusion: 6MWD can estimate CPET peakVO2.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a progressive
disease characterized by breathlessness and daily life activities
impairment [1]. Assessment of exercise capacity is an important
marker for patients” ability to perform daily tasks, to determine disease
severity and progression over time, to assess treatment response it also
it is a prognostic marker for survival [2-4].

The 6-minute walk test (6MWT) is the most used exercise test
mainly due to the simplicity. The 6MWT is self-paced and can be
continuous or intermittent, depending on whether the subject rests
during the test. It is a quick, reproducible, robust, and cheap field
exercise test and distance walked during the test is used to predict
disease's severity and rehabilitation response [5,6]. The variation in the
6 minute walking distance (6MWD) correlates well with spirometry
and FEV1 [7,8] and predicts mortality in COPD patients [9-11] despite
patients’ comorbidities [11,12]. Oxygen desaturation during 6MWT is
common in COPD patients independently of their comorbidities [13]
and was also previously identified as a marker for exacerbations and
survival [14].

The cardiopulmonary exercise test (CPET) is more complex than
6MWT but allows the thorough understanding of a patient’s level
of exercise limitation and its causes [15,16]. For this purpose, it is
the “gold standard” but also more expensive and may be difficult to
execute. Peak VO2 obtained from CPET has also been shown to be
a predictor of mortality in COPD [17] CPET is also used to indicate
workload levels in rehabilitation programs [18].

Comparing 6MWT and CPET in COPD patients, previous studies
suggested that both heart rate (HR) and dyspnoea were greater during
the 6MWT than during CPET [19] but also that greater desaturation
and a more profound hypoxemia occurs at the end of the field
walking tests compared to the end of the CPET [20]. The reasons for

this difference remain unclear but are probably related to increased
ventilation/perfusion mismatching during walking; differences in body
posture, functional residual capacity, and/or pulmonary hemodynamic;
the effect of reflex impulses to the respiratory centres arising from
the upper limb muscles, probably more active during walking than
cycling; higher ventilation during cycling due to higher levels of lactate
accumulation and an increased chemical drive to breathe while walking
[8,20]. Recently Gupta R, et al. [21] identified diffusion capacity for
carbon monoxide (DLCO) as the only significant independent
predictor for the magnitude of O, saturation variation (ASpO2) and
the occurrence of O, desaturation of at least 4% during the 6MWT
[21] and DLCO cut-off 45% appeared promising to identify patients at
risk for exertional hypoxemia during a 6MWT [18]. Previous studies
proposed different equations to estimate peak VO2 using 6MWT
parameters but the agreement between measured and estimated peak
VO2 or peak work using these equations was poor to moderate and
the 11 available equations did not estimate peak VO2 or peak work
sufficiently to be used effectively for prescription of exercise intensity
during rehabilitation [22].

The main objective of the present study was to better understand
the relation between exercise performance accessed by 6MWT and
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CPET in COPD patients across all GOLD stages and analyse the
correlation between the 6-minute walked distances (6MWD) and peak
VO2 measured during CPET. The 6MWT may be a surrogate when
CPET is unavailable, or patients cannot perform the test.

Methods
Study design and population

Single-centre, prospective study to investigate relation between
exercise capacity evaluated by 6MWT, a field simple test and peak
exercise parameters assessed by CPET with cycle ergometer. The study
protocol and all amendments were reviewed by the Ethics Committee
of the Hospital-199/2018. The study was conducted according to the
ethical principles of the Declaration of Helsinki. All patients signed
written informed consent before any assessment was performed.

Stable COPD outpatients referred to functional assessment
between October 2018 and March 2019 were considered for the study,
irrespective of their age, smoking history and GOLD stage. COPD was
diagnosed according to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) consensus and patients had to be able of
completing exercise tests (cycle ergometry-incremental protocol and
6MWT). All bronchodilators and inhaled corticosteroids were allowed
in the study.

Exclusion criteria included: current documented diagnosis of
asthma; a diagnosis of thyrotoxicosis; a history of myocardial infarction
within 6 months; life-threatening cardiac arrhythmia; known active
tuberculosis; patients with severe emphysema requiring endobronchial
interventions within 6 months prior to screening; pregnancy, long
term oxygen therapy (LTOT), recent COPD exacerbation (6 months)
(Figure 1).

Data collection

As part of routine assessment, COPD patients did spirometry, lung
volumes assessment by plethysmography and exercise tests (6MWT
and CPET). Plethysmography, 6MWT and CPET were performed
by the Pulmonary Function Testing Laboratory cardiopulmonary
technicians. After patients’ consent, the authors (pulmonology

physicians and cardiopulmonary technicians) collected all data.

Pulmonary function testing followed the ATS/ERS guidelines
(23], including routine post-bronchodilator spirometry [24] and
lung volumes were assessed with plethysmography [25], using Master
Screen Body (Jaeger, Wurzburg, Germany). DLCO value was corrected
by haemoglobin [26].

CPET (Jaeger Vyntus CPX; Vyaire Medical) followed ATS/
ACCP standards [27,28]. An incremental modified Bruce protocol to
exhaustion was specified for each participant based on reported exercise
tolerance. Patients were evaluated with breath-by-breath monitoring of
cardiopulmonary variables [pulmonary O, uptake (VO,), pulmonary
CO, output (VCO2), minute ventilation (VE), heart rate (HR)],
assessment of perceptual responses (dyspnoea and leg discomfort
measured by BORG scale) and measurements such as exercise-related
arterial oxygen desaturation and dynamic hyperinflation. Dynamic
hyperinflation was assessed by measuring inspiratory capacity (IC)
repetitively during CPET-patients were required to take a deep
inspiration, after normal expiration, at predetermined intervals of
2 min [6]. Ventilatory limitation at peak exercise was defined by
VE/maximum voluntary ventilation (MVV) above 85% [29,30]. All
patients had arterial blood gas (ABG) collected before exercise testing
to assess resting arterial oxygen pressure (pO,) and resting arterial
carbon dioxide (pCO,) pressure: 2 ml blood were collected from the
radial artery with a pre-heparinized syringe and immediately analysed
using an ABL 90 flex plus blood gas analyser (Radiometer, Copenhagen,
Denmark).

Exercise tolerance measured using the 6-minute walk distance
testing followed the ATS recommendations [31-33]. Participants
were permitted to stop during the test if their symptoms became
intolerable but were encouraged to resume the walking as soon as
possible. The 6MW T was monitored by a single operator who recorded
the test parameters at the same time. The distance walked in the test
was reported in meters and as a percentage of predicted value using
reference equations previously developed for healthy population [34].
BORG scale results and pulse oxygen saturation variation (ASpO2) were
also measured and recorded [34]. Oxygen desaturation was defined as
a 24% reduction between arterial oxygen saturation measured by pulse

COPD patients assessed for eligibility (n= 132)

Excluded (n=14)
» = Incgpable gfperfomﬁng exercise tests (n=6)
Patients using LTOT (n=8)

Patients screened (n=118)

Excluded (n= 2}
1. Did not complete PFT and exercise testing

L

‘ Completedto PFT, 6MWT and CPET {n= 124) ‘

|

‘ Analyzed (n=116) ‘

Figure 1: COPD: Chronic Obstructive Pulmonary Disease; PFT: Pulmonary Function Tests; 6BMWT, 6-Minute Walking Test; CPET: Cardiopulmonary Exercise Test.
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oximetry pre- and post-test (A SpO2 24%) and post-test SpO2 <90%,
according to the Royal College of Physicians' guidelines [9,35]. Each
patient did only one 6MWT mainly due to staff and time constraints
and taking into account that we did not intent to evaluate patients over
time [36].

Statistical analysis

For data description, mean + standard deviation (sd) or median
+ interquartile range (IQ) were used. Unpaired t-test and one-way
ANOVA were used to compare patients’ characteristics between
different groups. Correlation was evaluated by Pearson coefficient
or the non-parametric Spearman rank. A significant level of p=0.05.
A cut-oft value for 6SMWT median distance was investigated through
Receiver Operating Characteristic (ROC) curve. All analyses were
carried out using SPSS 26.

Results

One hundred thirty-two patients were screened for the study, but
6 patients were unable to complete exercise tests (morbid obesity or
physical impairments), 2 patients failed the scheduled tests, and 8
patients were excluded due to LTOT (Figure 1).

Our group was predominately male (88%), age of 66+9 years old.
Most patients reported significant symptoms - GOLD B or D (68%) and
had severe or very severe airflow limitation (55%), with median FEV1
of 48% (IQ 38-68%). Static hyperinflation was present in 46 patients
(40%) and 74% patients presented with dynamic hyperinflation
during CPET. Forty-three patients (37%) were enrolled in pulmonary
rehabilitation programs previously to study enrolment. Most patients
had low DLCO (86%) — median 58% (IQ 46-75) (Table 1).

The median 6MWD was 480 meters (406-515) and in CPET,
median workload was 64 watts (46-88) with peak VO2 of 15.7 L/min/
kg (13.6-18.1), 65£14% predicted. Median ASpO2 in 6MWT was 5%
(3-9%), which was greater than ASpO2 in CPET (2%, 1-6%). Lower
FEV1 and DLCO correlated with reduced exercise capacity and ASpO2
in both CPET and 6MWT (Table 2).

Hypoxemia and hypercapnia assessed by ABG correlated with
ASpO2 in CPET and 6MWT. Interestingly, lower pO2 and higher
pCO2 also predicted lower peak workload in CPET.

Higher BMI was weakly associated with diminished 6MWD but
conversely, in cyclergometry, the lower BMI had a moderate correlation
with lower peak VO2 and lower peak O2/HR.

In 6MWT, the distance walked, ABorg dyspnoea and ASpO2 were
associated with the majority of CPET parameters: peak workload, peak
V02, ASpO2, VCO2 equivalents, peak O2 pulse and peak maximum
ventilation (Table 3).

The distance walked in 6MWT correlated with exercise capacity
in CPET, with higher peak workload and peak VO2 in patients that
walked more meters. Increased ASpO2 and ABorg dyspnoea in 6MWT
were associated with reduced exercise capacity in CPET (workload and
peak VO2).

A shorter distance covered in the 6MWT was associated with a
reduced peak VO2 in CPET and a distance < 440m related to peak VO2
<60% predicted, reflecting greater exercise impairment and bigger
disability in COPD patients (Figure 2).

Discussion

Our study included a large cohort of patients with clinically stable

Table 1: Characteristics of study participants.
COPD patients

Sex: Male, n (%) 102 (88)
Age (years-old) 66 £ 9"
Smoking History

Current smokers, n (%) 34 (29)
Former smokers. N (%) 74 (64)
UMA 45 (27-60)*
BMI (kg/m?) 26 +4
Exacerbator, n (%) 48 (41)
GOLD stage

A, n (%) 25 (22)

B, n (%) 44 (38)

C, n (%) 12 (10)

D, n (%) 35 (30)
Inhaled Medication

LAMA, n (%) 104 (90)
LABA, n (%) 108 (93)
ICS, n (%) 64 (55)
Respiratory Rehabilitation, n (%) 43 (37)
OSA, n (%) 9(8)
Heart Disease, n (%) 17 (15)
ABG

pO2 (mmhg) 71+ 9
pCO2 (mmhg) 415
Lung function

FEV1 (%) 48 (38-68)*
FVC (%) 80 (69-92)*
IC (%) 91 (74-105)*
TLC (%) 115 (106-129)*
IC/TLC 0.33 (0.26-0.39)*
RV (%) 159(135-187)*
RV/TLC 0.56 (0.48-0.62)*
DLCO (%) 58 (46-75)*
KCO (%) 70 (56-87)*
6MWT

6MWD (m) 480 (406-515)*
ASpO2 (%) 5 (3-9)*
ABorg dyspnoea 1(0-3)*
ABorg fatigue 2 (0-3)*
CPET

Peak workload 64 (46-88)*

Peak vo2 (ml/min)
Peak vo2 (ml/min/kg)

1100 (902-1315)¢
15.7 (13.6-18.1)*

Peak VO2 (%) 65+ 14’
ASpO2 (%) 2 (1-6)*

At (%peakvo2) 47 (42-54)*
Velvco2@at 37 (34-42)*
Peak o2/hr 9.2 (7.7-10.7)*
Peak hr (%) 79 (71-86)*
Peak VE (I/min) 40 (32-49)*
Peak VE (%mvv) 89 (71-102)*
Ventilatory limitation, n (%) 82 (71)
Dynamic hyperinflation, n (%) 86 (74)

Data presented as mean and standard deviation” or median and quartiles” and n/%
for qualitative variables.

AT: Anaerobic threshold; BMI: body mass index; bpm: beats per minute; CPET:
Cardiopulmonary Exercise Test; DLCO: Lung diffusion capacity for carbon monoxide;
FEV1: Forced Expiratory Flow in 1sec; FVC: Forced Vital capacity; GOLD: Global
Initiative for Chronic Obstructive Lung Disease; HR: Heart rate; IC: Inspiratory
capacity; ICS: Inhaled corticosteroid; LABA: Long acting beta agonist; LAMA: Long
acting muscarinic antagonist; L: Liters; m: metres; ml: millilitre; Min: Minimum; min:
minute; mmHg: millimetre of mercury; MVV: Maximal voluntary ventilation; n: number;
OSA: Obstructive sleep apnoea; PaO2: Arterial pressure of oxygen; PaCO2: Arterial
pressure of carbon dioxide; KCO: Carbon monoxide transfer coefficient; peak 02/
HR: Peak oxygen pulse; peak W: peak incremental cycle work rate; peak VO2: peak
oxygen uptake; RV: Residual volume; SpO2: pulse oxygen saturation; TLC: Total
lung capacity; VE: Minute ventilation; VE/VCO2: Minute ventilation/carbon dioxide
production; W: watt; BMWT: 6-minute walk test; 6MWD: 6-minute walk distance; %:
percentage; %pred: percentage predicted.
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COPD across all GOLD severities (A-D) and was one of the few to
consider the relationship between exercise capacities measured with
both field and laboratory studies.

As previously described, we also found that FEV1 and DLCO were
important predictors of exercise capacity and desaturation in both
CPET and 6MWT [21]. ASpO2 was higher in 6MWT than CPET, also
as expected [19,20]. Patients with hypoxemia and hypercapnia had
higher ASpO2 in both tests, but they also had lower exercise capacity
in CPET, despite these were poor correlations. Perez T, et al. [13]
reported that resting SpO2 was a poor marker for desaturation during
6MWT. To our knowledge this is the first study to look at ABG resting

Table 2: Pearson’s correlations between BMI, FEV 1, DLCO and ABG parameters
and exercise capacity evaluated by CPET and 6MWT.

6MWT

Distance = ASpO2 (%) ABorg ABorg

(m) dyspnoea fatigue

Lung FEV1 (%) .239* -.302** -.324** -0.108

function DLCO 378" -454* -430* -0.097

(%)

ABG pO2 .276** -.354** -.209* 0.013
(mmHg)

pCO2 -0.119 .265** 0.062 -0.086
(mmHg)

BMI -0.184* -0.087 -0.084 0.141

Significant correlations on bold, * p<0.05, ** p<0.01

ROC Curve

Sensitivity

1 - Specificity

Diagonal segments are produced by ties.

Figure 2: Receiver operating characteristic curve (ROC) analysis of 6MWT
distance for prediction of impaired exercise capacity measured in CPET (peak
V0O2<60%). With the cut off value of 440m for the distance walked in 6MWT, the
area under the curve was 0.694 (95% confidence interval, 0.585 to 0.803; p<0.001)
with the sensitivity of 63% and specificity of 70%.

parameter’s ability to predict exercise capacity measured by 6MWT
and CPET. Further studies are necessary to improve the understanding
of this correlation but pO2 and pCO2 may be helpful predictors of
exercise capacity in stable COPD patients.

The distance walked during field walking test was high in our group
compared to previous studies [13,22], which is probably related to the
inclusion of patients from all GOLD stages and also due to the inclusion
of patients already enrolled in pulmonary rehabilitation programs
(37%). PR is known to improve exercise performance with 6 MWT and
CPET (mean improvements of 44 m and 11% peak in VO2 and 6.8 w in
peak workload, respectively) [6] and probably contributed to the mean
distance walked in the 6 MWT and peak workload and VO2 in CPET,
despite the severity of the patients enrolled. Walking but not cycling
performance was negatively influenced by weight, corroborating Sava
F, et al. findings [37] but further analysis of the overweight and obese
COPD population can improve our comprehension of the underlying
mechanisms of this association.

One limitation of our study is the lack of duplicate 6 MWT but most of
the included patients had previously performed the test (88%), minimizing
the impact of a potential lack of the learning effect. Also, according to the
ATS/ERS technical standards, a second test is more relevant for comparison
over time than for single time evaluation studies [33].

It's well established that the 6MWT is a powerful exercise test
to evaluate and follow COPD patients over time [1,6,36] and it was
also previously demonstrated that the mean walked distance and
desaturation during 6MWT may also predict exacerbations and
survival [9,14,17] but in our study, we corroborated that the walked
distance correlated moderately to peak workload and peak VO2
achieved during the incremental CPET [17,19] and most importantly,
we were able to establish that a walked distance bellow 440 m estimates
reduced exercise capacity in CPET (VO2 <60%), which was never
described before. This was previously tried by Kirkham AA, et al. [22],
through equations capable of estimating peak VO2 or peak workload
using the 6BMWT parameters, but the agreement between measured
and estimated peak VO2 or peak workload using these equations
revealed to be below the threshold for reasonable clinical test validity. A
significant relationship between VO2 measured by 6MWT and CPET
was previously found in patients with more severe COPD but not in
mild to moderate disease stages [38].

The sample size and wide spectrum of disease severity are strengths
of the study. Another strength of our work is the representation of real-
world clinical practice, since we included both non-smokers (7%) and
smokers or former smoker patients and we did not exclude patients
with cardiac disease-15% (5 patients had cardiac arrhythmias, 2 had
valvular disease, 2 had ischemic heart disease and 6 had heart failure),

Table 3: Pearson’s correlations between BMI, FEV 1, DLCO and ABG parameters and exercise capacity evaluated by CPET.

Peak | Peak VO2 Peak VO2
workload ' (mL/min)  (%predicted) kg (ml/min/

(watts) kg)
Lung  FEVA (%) 420% 371 541* A97*
function p) co 482+ .588** 577+ 313+
(%)
ABG pO2 (mmHg)  .216* 0.182 0.132 0.146
pCco2 -.236* 0,142 -0,088 0,125
(mmHg)
BMI 0,147 .384" 334" 0,145

Significant correlations on bold, * p<0.05, ** p<0.01

-.394**

-.261**
272%

CPET

Peak VO2/ ASpO2 (%) AT (%) VE/NCO2 Peak 02/ Peak HR | Peak VE (L) Peak VE
@AT HR (Y%predicted) (%MVV)

-.285** .260* 0,120 313* .230* .676* -.529**

.294** | -.368** 461** .260** .358** -212*

-0.107 . -0.078 0.069 219* 0.176 -0.181

0,137 | -.448** -0,066 -0,095 -.452** 0.101

-0,102 4117 -.220° 490" -0,069 87 -0.134
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contrasting with previous studies.

Conclusion

CPET and 6MWT are complementary tests but cannot be used

interchangeably. CPET remains an important tool in COPD patient’s
evaluation since it can provide information on the nature of the
cardiopulmonary response to an exercise, which is not accessed by
6MWT. Nonetheless, 6MWT informs the clinician about exercise
capacity, helps to predict exacerbations and survival and according
to our study, a walked distance bellow 440 m can estimate reduced
exercise capacity in CPET (VO2 <60%), which can be very useful in
clinical practice, especially when patients are unable to cycle and/
or there is no access to laboratory exercise tests or to individualised
exercise prescriptions in PR programs. Additional studies can further
access the accuracy and utility of our findings.
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