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Introduction

Exertional dyspnoea and reduced exercise capacity are typical
features of chronic obstructive pulmonary disease (COPD) [1]. Lung
function parameters evaluated at rest cannot accurately predict
exercise capacity, thus exercise testing is a precious tool to evaluate
these patients [2].

Dyspnoea is the most common exercise-limiting symptom in COPD

[3, 4] and a better explanatory factor for exercise inactivity than FEV1
[5]. Dyspnea correlates with patient’s performance during the 6-minute
walk test (6BMWT) [6] better than FEV1 [7]. Nonetheless, characterizing
COPD only according to breathlessness does not achieve a full vision
of the disease and the patient’s daily limitations as it is recognized that
COPD has multiple symptomatice ectson health-related quality of life
(HRQoL) [8]. Several patient-reported outcome (PRO) measures are
used to assess HRQoL [9-12]. e severity of air ow limitation alone
is not strongly correlated with HRQoL in COPD patients and exercise
testing is believed to better assess functional performance and overall
HRQoL [13, 14]. Nonetheless, the extent to which laboratory and  eld-
based exercise test correlate with PROs in not fully understood. Since
2011, Global Initiative for Chronic Obstructive Lung Disease strategy
(GOLD) adopted St. George’s Respiratory Questionnaire (SGRQ) [15]
as a new assessment tool for COPD patients. SGRQ is the most widely
used and valid tool to evaluate the health status of COPD patients
[9] but it is composed of 50 items with 76 weighted responses which
may be di cult to use in clinical practice. e COPD Assessment Test
(CAT) was developed to minimize the complexity of SGRQ, and it
is associated with clinically important variables in COPD patients —
dyspnoea measured by mMRC, exacerbations and lung function [11].
e clinical COPD Questionnaire (CCQ) is a simple questionnaire; it

is easy to apply in daily routine and correlates well with SGRQ, CAT

and lung function [12, 16-18]. CCQ also seems to be a good instrument
for assessing health status and predict mortality in COPD patients [19].
GOLD recommends a comprehensive approach to adequately manage
symptoms in COPD and proposes the mMRC, CAT and CCQ as
interchangeable instruments for evaluation health status [17, 20].

e easiest and most used exercise test in COPD is the 6BMWT [21].
It provides important data such as the walked distance and desaturation
during the test and it is a crucial parameter of the BODE index [22].
e variation in the distance covered during the 6MWT correlates
with changes in spirometry [23] and it is also a better predictor of
mortality than FEV1 [24, 25]. Still, the cardiopulmonary exercise test
(CPET) is considered the gold standard in these patients, due to its
ability to determine the level of exercise limitation and its causes [26].
CPET indexes, such as peak oxygen uptake (VO, peak), ventilatory
equivalents for carbon dioxide production (VE/VCO,) and arterial
oxygen saturation (SpO2) provide important functional information
and are better prognostic predictors than lung function measurements
obtained at rest [27-29].
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In clinical practice, exercise testing is not always available or is not
used by clinicians and the severity of symptoms or QoL impairment
should be a stimulus for further investigation. Only limited evidence is
available to support an association between exercise test outcomes and
PRO in patients with COPD [30]. e limited data available for CPET
suggests that it may be more closely associated with the SGRQ and
other HRQoL outcomes than the 6MWT [30-32], but more studies are
needed. e aim of the present study is, therefore, as primary outcome
to investigate if breathlessness, measured by mMRC, and respiratory
symptoms and QoL, measured by CAT and CCQ, can predict maximal
exercise capacity assessed by CPET and 6MWT, using a large cohort
of COPD patients across all severity stages and the scope of this
association.

Material and Methods

Stud ¢ design and participants

Single-centre, prospective studies to evaluate the impact of PRO in
exercise capacity in COPD patients. We included patients with stable
COPD de ned by GOLD. Patients were selected consecutively a er
reference to the lung function department for respiratory function
assessment between October 2018 and March 2019, if they could
complete exercise tests (Cyclergometer — incremental protocol and
6MWT) and QoL questionnaires, irrespectively of their age, smoking
history and GOLD stage. All bronchodilators and corticosteroid
medication were allowed in the study. Patients were classi ed as non-
exacerbators if they did not have moderate to severe exacerbations in
the past 12 months.

E xlusion criteria included: Diagnosis of asthma; Severe
emphysema requiring endobronchial interventions within 6 months
prior to screening; Pregnancy; History of myocardial infarction
within 6 months; Life-threatening cardiac arrhythmia; Diagnosis of
thyrotoxicosis; Known active tuberculosis. A total of 8 participants were
excluded (132 subjects screened): 6 subjects had physical limitations
that impaired the ability to perform exercise tests and 2 subjects missed

the scheduled exams (Figure 1).
Procedure

Ethical approval for this study was obtained from the Ethics
Committee (CHVNG —199/2018). e study was conducted according
to the ethical principles of the Declaration of Helsinki. e purpose
of the study was explained to prospective participants and informed
consent form was obtained before any assessment was performed.

Data were collected by the authors and respiratory function tests
were performed by the Pulmonary Function Testing Laboratory
cardiopulmonary technicians. Sociodemographic characteristics
and medications prescribed were recorded and anthropometric
characteristics were measured. CAT, CCQ and mMRC dyspnoea scale
were collected before respiratory testing. In assessment of COPD, An
MMRC value<2, a CAT value<10 or a CCQ value<1.5 suggest stable
health status [1].

Patients performed pulmonary function testing following ATS/
ERS guidelines [33] including routine post-bronchodilator spirometry
[34] and lung volumes measurement with plethysmography [35]. e
6MWT followed the ATS recommendations [36-37]. Participants were
encouraged to resume walking as soon as possible but they were allowed
to stop during the test if their symptoms became intolerable. A single
operator monitored and recorded the 6MWD simultaneously. e
distance walked in the test was reported in meters and as a percentage
of predicted value using reference equations previously developed for
healthy population [38]. Oxygen desaturation and dyspnoea and leg
discomfort measured by BORG scale in the beginning and end of the
test [39] were recorded. Desaturation was de ned as = 4% reduction
between arterial oxygen saturation measured by Pulse oximetry pre-
and post-test (ASpO2 = 4%) and post-test SpO2<90% [24,40]. Use of
oxygen during the test was standardised, if required (patients with long
term oxygen therapy (LTOT) completed the test with oxygen). Due to
practical reasons (time and sta constrains), each patient performed
only one 6MWT. Incremental CPET followed ATS/ACCP standards

Flow Chart
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Figure 1: Flow chart (COPD- Chronic Obstructive Pulmonary Disease; PFT- Pulmonary Function Tests; 6MWT- 6 Minute Walking Test; CPET- Cardiopulmonary Exercise
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[41]. Patients were subjected to symptom-limited incremental exercise
with progressively increasing work rate until fatigue was reached
(increment selected to maintain exercise for 8-10 min). We performed
breath-by-breath monitoring of cardiopulmonary variables [Minute
ventilation (V,), Pulmonary O2 uptake (VpO,), Pulmonary CO, output
(VCO,), Heart Rate (HR)]. Dynamic hyperin ation was assessed by
measuring IC repetitively during CPET as patients were required to
take a deep inspiration, a er normal expiration, at predetermined
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the CAT and CCQ did not correlate with desaturation in both exercise
tests. Crisafulli E et al. had not been able to establish a relation between
desaturation during CPET and mMRC [32].

PR is known to improve exercise capacity [42] and it was previously
known that the CCQ, SGRQ, CRQ and CAT all signi cantly improved
a er PR [47-49] but in our group of patients, PR was associated with
less symptoms (MMRC<2) and improved QoL measured by CCQ
(CCQ<1.5) but not with CAT score, suggesting that CCQ may be a
better choice to evaluate COPD patient’s response to rehabilitation,
despite the good correlation between them. CAT is recommended in
clinical practice to follow patients under rehabilitation [18, 50] and
our contradictory results may be related to the inclusion of GOLD
A COPD patients in our cohort, who are less symptomatic, have no
indication for PR and usually are not included in PR studies. We need
further studies comparing both questionnaires.

Non-exacerbators had less symptoms and lower QoL, measured
with the three questionnaires (p<0.01), as expected from previous
literature [11, 16].

FEV 1 and hyperin ation, measured by IC/TLC, correlated with
MMRC and CCQ but not with CAT. In fact, no di erence was found
for FEV1 and hyperin ation between patients with CAT<10 and CAT
> 10. Similarly, DLCO correlated with both symptoms (mMRC) and
QoL (CCQ and CAT) but the correlation with CAT was weak and no
di erence was found when we compared patients with CAT<10 and
patients with CAT = 10. Previous studies had found weak to moderate
correlations between FEV1 and both CCQ and CAT [12] and this
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