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ABSTRACT
Background The relevance of screening for airway
obstruction in subjects not complaining of COPD
symptoms may depend on the definition of airway
obstruction. Response to exercise in asymptomatic
subjects with persistent airway obstruction as defined by
a postbronchodilator FEV1/FVC <5th centile lower limit
of normal (LLN) remains unknown.
Methods Dyspnoea (Borg scale), exercise tolerance and
ventilatory constraints on tidal volume expansion were
assessed in 20 consecutive asymptomatic subjects with
persistent mild airway obstruction detected by screening
(postbronchodilator FEV1/FVC z-score: −2.14±0.29;
FEV1 z-score: −1.02±0.64) undergoing incremental cycle
cardiopulmonary exercise testing, compared with 20
healthy controls with normal spirometry matched for
age, sex, body mass index and smoking history (FEV1/
FVC z-score: −0.13±0.57; FEV1 z-score: 0.32±0.67)
and with 20 symptomatic patients with COPD matched
for the same characteristics (FEV1/FVC z-score: −2.36
±0.51; FEV1 z-score: −1.02±0.48).
Results Asymptomatic subjects with airway obstruction
had higher dyspnoea ratings than controls during
incremental exercise. Asymptomatic subjects with airway
obstruction had also peak oxygen consumption and
peak power output that were lower than controls, and
similar to those observed in patients with COPD.
Although less frequent than in COPD, dynamic
hyperinflation was more frequent in asymptomatic
subjects with airway obstruction than in controls (85%,
50% and 10%, respectively; p=0.01 in asymptomatic
subjects vs controls and p=0.04 vs COPD).
Conclusions Although they did not present with chronic
activity-related dyspnoea, subjects with a
postbronchodilator FEV1/FVC<LLN as detected by
screening had poorer exercise tolerance than healthy
controls on exertion, and a significant proportion of
them had dynamic hyperinflation. These subjects may,
therefore, deserve further attention and may warrant
regular follow-up.

INTRODUCTION
The current definitions of COPD are based on the
presence of some symptoms (cough, sputum and/or
dyspnoea) together with persistent, irreversible
airway obstruction.1 Population-based studies have
shown that about half of COPD cases are of mild
severity.2 3 Although they have normal FEV1 by
definition, patients with mild COPD experience

reduced exercise tolerance and greater exertional
dyspnoea ratings at a given work rate (WR) com-
pared with healthy controls.4 5 Ventilatory abnor-
malities during exercise include significant dynamic
lung hyperinflation and early mechanical con-
straints on tidal volume (VT) expansion.4 6 This
has led to the conclusion that patients with mild
COPD should be identified and might be eligible
for treatment with bronchodilators.7

In at-risk subjects who complain of symptoms,
early detection of COPD has been proven to be
effective and is now recommended.1 8 Nevertheless,
this strategy is unable to detect COPD in subjects
who do not report any symptom.3 9 COPD screen-
ing programmes in asymptomatic at-risk individuals
have, therefore, been evaluated.10 11 Identifying
airway obstruction, as defined by an FEV1/FVC
ratio below the fixed cut-off of 0.70 in asymptom-
atic subjects, does not appear to be beneficial
because they do not have an accelerated decline in
FEV1 and are not at higher risk of premature

Key messages

What is the key question?
▸ Do subjects without COPD symptoms but with

persistent airway obstruction perform as well as
normal subjects during exercise?

What is the bottom line?
▸ Although asymptomatic subjects with mild

airway obstruction according to the GOLD (ie,
FEV1/FVC ratio <0.70) do not differ from
normal subjects at exercise, the physiological
and perceptual responses to exercise in
asymptomatic subjects with FEV1/FVC<lower
limit of normal detected by screening remain
unknown.

Why read on?
▸ This is the first study showing that subjects

who do not complain of COPD symptoms but
who have mild persistent airway obstruction as
defined by a postbronchodilator FEV1/
FVC<lower limit of normal have poorer exercise
tolerance and more frequent dynamic
hyperinflation than healthy subjects with
normal spirometry.
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death.12–14 In contrast, even in the absence of COPD-related
symptoms, subjects with persistent airway obstruction defined by
a postbronchodilator FEV1/FVC ratio below the statistically
based, age-specific lower limit of normal (LLN) are at risk of pre-
mature death and/or of development of respiratory symp-
toms,15 16 suggesting that their identification is pertinent.

Díaz et al showed that asymptomatic subjects with an FEV1/
FVC ratio <0.70 had similar exercise tolerance to healthy sub-
jects.6 Of note, contrary to the LLN cut-off, the fixed cut-off of
0.70 for FEV1/FVC may inappropriately lead to a diagnosis of
airway obstruction in subjects older than 50 years.17 To date,
exercise tolerance and dynamic ventilatory mechanics during
exercise in asymptomatic subjects with persistent airway obstruc-
tion defined as FEV1/FVC<LLN remain undetermined. The
aim of the current study was, therefore, to measure dyspnoea
intensity during exertion, exercise tolerance and ventilatory
mechanics in a group of subjects with a history of smoking who
did not present with symptoms of COPD and in whom mild
persistent airway obstruction, defined as postbronchodilator
FEV1/FVC<LLN, along with normal FEV1, was detected by
screening. In order to determine whether asymptomatic subjects
with airway obstruction behave like healthy subjects or like sub-
jects with COPD during exercise, measurements in asymptom-
atic subjects with airway obstruction were compared with those
of a group of healthy controls with normal spirometry matched
for age, sex and smoking status, and with those of a group of
symptomatic patients with COPD matched for age, sex, post-
bronchodilator spirometry and smoking status.

METHODS
Study design
Asymptomatic subjects with airway obstruction and healthy con-
trols were recruited between September 2012 and December
2013 through a regional COPD screening programme involving
general practitioners.18 General practitioners were asked to
propose spirometry to all patients aged 40–75 years who were
considered at risk for COPD. A bronchodilation test was
applied by administering four separate puffs of 100 mg each of
salbutamol through a spacer device, as described elsewhere.19

During this period, 2374 subjects participated in the screening
programme; the 20 first asymptomatic subjects detected with
persistent airway obstruction who met the inclusion criteria of
the current study and who accepted to participate were
included. Twenty healthy subjects participating in the screening
programme were frequency matched with the asymptomatic
subjects with airway obstruction in terms of age, body mass
index (BMI), tobacco smoking (in pack-years) and sex. Finally,
20 patients with COPD were selected among those who were
referred to our department by their general practitioner or by a
pulmonologist; these patients were also frequency matched with
asymptomatic subjects with airway obstruction for postbroncho-
dilator FEV1, postbronchodilator FEV1/FVC, age, BMI, tobacco
smoking (in pack-years) and sex. Ethics committee approval was
received from the local Ethics Committee (CPP Est;
P-2011-119), and written consent was obtained from all
subjects.

Subjects
Persistent airway obstruction was defined as a postbronchodila-
tor FEV1/FVC ratio <5th centile LLN, according to the
GLI-2012 equation.20 Inclusion criteria for the asymptomatic
group with airway obstruction were: cumulative tobacco
smoking history >15 pack-years, a normal FEV1 (z-score
>−1.64), a modified Medical Research Council (mMRC) score

equal to zero and the absence of chronic cough and/or chronic
expectoration.

Inclusion criteria for healthy subjects were: normal baseline
spirometry (FEV1>LLN, FEV1/FVC>LLN), an mMRC score
equal to zero and the absence of any respiratory symptoms.

The exclusion criteria for all subjects including patients with
COPD were (i) a history of any medical conditions that could
cause or contribute to breathlessness (ie, respiratory disease
(including asthma, either self-reported or confirmed by a
doctor) other than COPD (if appropriate) and/or cardiovascular
disease) and/or (ii) other disorders that could interfere with
exercise testing.4

Data collection
Subjects attended a single visit. If required, COPD subjects were
asked to interrupt any respiratory medication such as short and
long-acting bronchodilators 72 h prior to the visit. Subjects
were asked to arrive early in the morning. They then underwent
pulmonary function testing prebronchodilator and 30 min post-
bronchodilator administration (nebulisation of terbutaline
(5 mg/2 mL) and ipratropium bromide (0.5 mg/2 mL) for
15 min). A symptom-limited incremental cycle ergometer car-
diopulmonary exercise testing (CPET) was performed on the
same day, at least 6 h after the bronchodilator test and at least
4 h after the meal.

Procedures
Routine spirometry, constant-volume body plethysmography
and single breath lung transfer for carbon monoxide (TLCO)
were performed in accordance with recommended techniques
(Platinum Elite; MGC Diagnostics Corporation, Saint Paul,
Minnesota, USA).21 22

Symptom-limited incremental CPET was performed on an
electronically braked cycle ergometer (Ergometrics 900;
Ergoline; Bitz, Germany). After a steady-state resting period, a
3 min warm-up was conducted at about 20% of individually
estimated maximal work load, and the load was increased every
minute such that the CPET duration was between 8 and
12 min.23 Tests were terminated at the point of symptom limita-
tion (peak exercise). Physiological data were obtained breath by
breath (MGC-CPX System; MGC Diagnostics Corporation) and
were expressed as 30 s averages, according to recommended
guidelines.23 Exercise variables were compared with predicted
values.24 Blood samples were drawn from the arterialised
earlobe.

Subjects rated the magnitude of their perceived breathing and
leg discomfort by pointing to a number on the 10-point Borg
scale.25 Changes in end-expiratory lung volume were estimated
from inspiratory capacity (IC) measurements at rest, at the end
of each 1 min increment of exercise and at peak exercise.
Dynamic hyperinflation was defined as a decrease of >150 mL
in IC compared with resting levels at any time point during
exercise.26

Ventilatory equivalent for carbon dioxide (V0E/V0CO2 ratio)
plotted against WR and its nadir were used as surrogate markers
of ventilatory efficiency.

In the relationship between VT and minute ventilation (V0E),
there is an inflection point beyond which almost no further
change in VT occurs despite a continued increase in V0E.27 This
inflection in the VT response marks the point where dyspnoea
sharply increases because of mechanical constraints on VT
expansion.27 This inflection point was determined by two
trained observers (BD and TS) for each patient by analysing
individual plots of V0E versus VT.28

Soumagne T, et al. Thorax 2016;71:804–811. doi:10.1136/thoraxjnl-2015-207953 805

Chronic obstructive pulmonary disease
 on A

pril 10, 2024 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thoraxjnl-2015-207953 on 25 M
ay 2016. D

ow
nloaded from

 

http://thorax.bmj.com/


Statistical analysis
A sample size of 20 subjects in each group was estimated to
provide 80% power to detect a significant difference between
asymptomatic subjects with airway obstruction and healthy con-
trols in dyspnoea intensity (Borg scale) measured at a standar-
dised WR during incremental cycle exercise based on a relevant
difference in Borg ratings of ±1, an SD=1 unit, α=0.05 and a
two-tailed test of significance.29

Between-group comparisons of subjects’ characteristics were
performed using unpaired t tests. Comparisons of categorical
data between groups were performed using Fisher’s exact test.
Repeated measures analysis of variance (ANOVA) was per-
formed to evaluate differences between the three groups for
measurements made at different time points and/or intensities
during exercise. Scheffe’s tests were applied to evaluate pairwise
comparisons when a significant difference was found by
ANOVA.

All reported p values were two-sided, with a significance level
set at p<0.05. Statistical analysis was performed using SAS V.9.3
(SAS Institute, Cary, North Carolina, USA).

RESULTS
Subject characteristics
By design, all three groups had similar sex distribution, age,
tobacco smoking and BMI (table 1), and none of the included

subjects or patients had a history of angina, myocardial infarction
or heart failure. Comorbidities in the three groups were well con-
trolled: systemic hypertension (n=3; n=4; n=5, in asymptomatic
subjects with airway obstruction, patients with COPD and healthy
controls, respectively), diabetes mellitus type 2 (n=1; n=1; n=0,
respectively), hypercholesterolaemia (n=4; n=6; n=3, respect-
ively), gastro-oesophageal reflux disease (n=1; n=3; n=0, respect-
ively) and obstructive sleep apnoea (n=1; n=0; n=0,
respectively). Among the 60 studied subjects, only six patients
with COPD were taking long-term bronchodilators at the time of
screening, and none were taking inhaled corticosteroids.

Pulmonary function and health status
Pulmonary function of asymptomatic subjects with airway
obstruction was significantly different than that of healthy con-
trols, and was close to that of patients with COPD (table 1 and
see online supplementary table S1). Subjects from all groups
had a normal FEV1 (z-score >−1.64). Nevertheless, FEV1 was
significantly lower in the two groups with airway obstruction
than in normal subjects. Small airways dysfunction, judged by a
reduction in maximal midexpiratory flows (FEF25–75), was
absent in healthy controls, and was significant (mean z-score
<−1.64) in the two groups with airway obstruction.

Asymptomatic subjects with airway obstruction and healthy
subjects had similar health status (St George’s Respiratory

Table 1 Characteristics, respiratory symptoms and pulmonary function in subjects with mild asymptomatic airway obstruction, patients with
mild COPD and healthy controls

Asymptomatic airway obstruction
(n=20)

COPD
(n=20)

Healthy controls
(n=20)

Demographics
Male, % 85 85 85
Age, year 60.4±8.3 60.3±9.3 60.7±6.4
Body mass index, kg/m2 26.5±3.1 26.8±4.2 26.6±3.7
Tobacco, pack-years 19.3±16.9 19.4±14.8 17.7±18.4
Current smokers, % 55 50 55

Symptoms
Chronic cough, n (%) 0* 13 (65)♯ 0
Chronic sputum, n (%) 0* 9 (45)♯ 0
mMRC dyspnoea scale (0–4) 0* 1.25±0.55♯ 0

BDI dyspnoea scale (0–12) 11.5±0.7* 9.5±1.3♯ 11.7±0.7
SGRQ 8.7±0.7* 19.0±0.6♯ 6.8±0.8
CAT score (0–40) 7.6±3.4 10.9±6.5 –

Pulmonary function tests
Post-BD FEV1, L (z-score) 2.81±0.58♯ (−1.02±0.64)♯ 2.82±0.57♯ (−1.02±0.48)♯ 3.40±0.62 (0.32±0.67)
Post-BD FEV1/FVC, % (z-score) 61.4±4.1♯ (−2.14±0.29)♯ 59.3±4.9♯ (−2.36±0.51)♯ 76.9±4.0 (−0.13±0.57)
Pre-BD pulmonary function

FEV1, L (z-score) 2.67±0.52♯ (−1.10±0.50)♯ 2.64±0.59♯ (−1.13±0.49)♯ 3.29±0.63 (0.27±0.69)
FVC, L (z-score) 4.43±0.83 (0.28±0.87) 4.55±1.01 (0.32±1.03) 4.48±0.85 (0.45±0.73)
FRC, L (z-score) 3.73±0.58 (0.54±0.91) 4.10±0.94 (1.22±1.45) 3.72±0.81 (0.57±1.23)
IC, L 3.19±0.59 3.12±0.63 3.37±0.71
FEF25–75, % (z-score) 1.22±0.37♯ (−2.17±0.25)♯ 1.17±0.35♯ (−2.35±0.48)♯ 2.52±0.73 (−0.87±0.51)
RV, L (z-score) 2.33±0.51* (0.04±1.20)* 2.88±0.72 (1.34±1.81)♯ 2.34±0.61 (0.22±1.47)
TLC, L (z-score) 6.92±0.81 (0.46±0.80) 7.22±0.82 (0.89±0.91) 7.09±1.24 (0.95±1.28)
RV/TLC, % 33.7±7.3 (−0.81±1.05) 39.9±8.7♯ (0.44±1.55) 33.0±6.5 (−0.75±0.90)
VA/TLC, % 89.7±7.6 87.6±10.1 87.5±5.6
TLCO, mmol/min/kPa (z-score) 7.47±1.84♯ (−1.27±1.07)♯ 7.60±2.41♯ (−1.21±1.46)♯ 8.67±1.47 (−0.22±1.08)
KCO, mmol/min/kPa/L (z-score) 1.20±0.21♯ (−0.53±0.66)♯ 1.20±0.32♯ (−0.51±1.06)♯ 1.40±0.19 (0.12±0.63)

*p<0.05 versus COPD; ♯p<0.05 versus controls.
Values are means±SD.
BD, bronchodilator; BDI, baseline dyspnoea index; CAT, COPD assessment test; FEF25–75, maximal midexpiratory flows; FRC, functional residual capacity; IC, inspiratory capacity (z-score
was omitted because SD of theoretical values were not available); KCO, carbon monoxide transfer coefficient; mMRC, modified Medical Research Council; RV, residual volume; SGRQ,
St George’s Respiratory Questionnaire; TLC, total lung capacity; TLCO, lung transfer for carbon monoxide; VA, alveolar volume; z-score, standardised residual.
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Questionnaire (SGRQ)) and baseline dyspnoea index (BDI);
however, SGQR and BDI were poorer in COPD subjects com-
pared with the two other groups (table 1). All patients in the
COPD group presented with chronic activity-related dyspnoea
(mMRC≥1), and a majority of them also reported chronic
cough and/or chronic sputum production (table 1).

Poorly communicating fraction of total lung capacity (TLC),
as assessed by the ratio of alveolar volume to TLC, was similar
in the three groups (table 1).

Symptom-limited incremental cycle exercise
All subjects and patients performed a maximal exercise (respira-
tory exchange ratio >1.1). Asymptomatic subjects with airway
obstruction had lower peak WR and lower peak oxygen con-
sumption (V0O2) than healthy controls (table 2).

Dyspnoea/WR slope was significantly higher in asymptomatic
subjects with airway obstruction than in healthy controls
(ANOVA repeated measures). Borg scale rating was higher by

more than 1 unit in asymptomatic subjects with airway obstruc-
tion than in healthy controls at 60 and at 80 W (figure 1 and
table 3). Similarly, Borg scale ratings as a function of V0E were
higher in asymptomatic subjects with airway obstruction than in
healthy controls (figure 1 and table 4).

Although the COPD group had the greatest reduction in IC
during exercise, the group of asymptomatic subjects with airway
obstruction also had a greater reduction in IC during exercise
than healthy controls (figure 2 and see online supplementary
figure S1). Significant dynamic hyperinflation was found in 10
asymptomatic subjects with airway obstruction (50%), two
healthy controls (10%) and 17 patients with COPD (85%;
p<0.01 in asymptomatic subjects vs controls and vs COPD).

The VT/V0E inflection point occurred at similar V0E and VT
in the group of asymptomatic subjects with airway obstruction
and in the control group, and at significantly lower VT and V0E
in the COPD group compared with the two other groups
(figure 3).

Table 2 Measurements at peak symptom-limited incremental cycle exercise

Asymptomatic airway obstruction
(n=20)

COPD
(n=20)

Healthy controls
(n=20)

Dyspnoea, Borg scale 8.3±1.9 9.1±1.3 7.6±2.2
Leg discomfort, Borg scale 8.1±1.8 9.2±1.4 7.8±1.6
Reason for stopping
Breathing discomfort 6 (30%) 2 (10%) 0
Leg discomfort 3 (15%) 7 (35%) 1 (5%)
Both breathing and leg discomfort 11 (55%) 11 (55%) 19 (95%)
Work rate, W (% predicted) 152±44♯ (109±22)♯ 151±42♯ (104±12)♯ 184±43 (128±21)
V0O2, L/min (% predicted) 1.95±0.50♯ (90±18)♯ 1.91±0.62♯ (90±23)♯ 2.25±0.49♯ (106±19)
RER 1.16±0.07 1.13±0.05 1.16±0.06
HR, % predicted maximum 98.3±8.0 96.9±9.1 101.4±7.1
O2 pulse, mL O2/beat 12.6±2.8 12.8±3.8 13.6±3.2
PcapO2, kPa 11.32±0.84 10.84±1.52♯ 11.84±0.72
PcapCO2, kPa 4.49±0.51 4.88±0,59 4.65±0.33
V0E, L/min (% estimated MVV) 77.1±19.7 (74.8±15.3) 73.8±18.0 (75.0±12.6) 81.1±17.4 (68.2±15.3)
f, breaths/min 32.2±7.9 33.7±6.9 31.0±6.4
VT, L 2.40±0.54 2.19±0.67♯ 2.62±0.51
IC, L 3.10±0.62*,♯ 2.72±0.68♯ 3.55±0.78
IRV, L 0.70±0.41 0.53±0.39♯ 0.93±0.51
V0E/V0O2 41.8±7.9 42.1±12.1 38.8±6.0
V0E/V0CO2 36.0±4.7 37.1±10.4 33.4±4.1

Values are means±SD. *p<0.05 versus COPD; ♯p<0.05 versus controls.
f, respiratory rate; HR, heart rate; IC, inspiratory capacity; IRV, inspiratory reserve volume; MVV, maximal voluntary ventilation; PcapCO2, arterialised pCO2; PcapO2, arterialised pO2; RER,
respiratory exchange ratio; V0E, minute ventilation; V0O2, oxygen uptake; V0E/V0O2 and V0E/V0CO2, ventilatory equivalents for oxygen and carbon dioxide, respectively; VT, tidal volume.

Figure 1 Exertional dyspnoea intensity during incremental cycle exercise testing in asymptomatic subjects with airway obstruction, healthy control
subjects matched for age, body mass index, smoking status and sex; and matched patients with COPD is shown relative to work rate (A) and minute
ventilation (B). Dyspnoea to work rate and dyspnoea to minute ventilation slopes were significantly different between asymptomatic subjects with
airway obstruction and healthy controls (analysis of variance repeated measures). These slopes were, however, not significantly different between
asymptomatic subjects with airway obstruction and patients with COPD. Of note, the relationship between work rate and minute ventilation was
superimposed in the three groups (C). Values are means±SEM. ♯p<0.05 versus healthy controls at a standardised work rate (Scheffe’s tests).
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Nadir V0E/V0CO2 was modestly but significantly higher in
asymptomatic subjects with airway obstruction than in healthy
controls (31.5±3.4 and 29.2±3.1, respectively; p<0.05), but
was similar in the two groups with airway obstruction (33.1
±7.4 in patients with COPD; p<0.05 in COPD vs healthy con-
trols; non significant in COPD vs asymptomatic subjects with
airway obstruction).

Among the functional parameter measured at rest, the best
correlates of IC (expressed as % baseline) measured at the
highest common WR (80 W) were FEV1/FVC (r=0.49,
p<0.01), TLCO (r=0.35, p<0.05) and FEV1 (p=0.34,
p<0.05). The best physiological correlate of dyspnoea intensity
at this highest common WR was the concurrent IC expressed as
% baseline (r=−0.61; p<0.001). There was a weaker but sig-
nificant correlation between dyspnoea ratings and inspiratory
reserve volume (IRV) (r=−0.35, p=0.02) at this WR.

DISCUSSION
The main findings of this study are as follows: (i) subjects
with mild airway obstruction, defined as postbronchodilator

FEV1/FVC<LLN together with normal FEV1, who do not
present with any COPD symptom had, however, greater dys-
pnoea intensity during incremental exercise and poorer peak
exercise capacity than matched healthy subjects with normal
spirometry; (ii) these asymptomatic subjects with airway obstruc-
tion had a greater reduction in IC than healthy controls during
exercise, and half of them had significant dynamic lung hyperin-
flation on exertion.

Asymptomatic subjects with mild airway obstruction are likely
to be regularly identified because case-finding or population
screening for COPD are being considered worldwide.30 The last
Global Initiative for Chronic Obstructive Lung Disease state-
ment acknowledges that significant airway obstruction may
develop without any history of the main COPD symptoms.1

Therefore, screening programmes make it possible to diagnose
persistent airway obstruction in subjects who do not present
with dyspnoea, chronic cough and/or chronic sputum produc-
tion.30–33 Recently, the analysis of a large sample of adults aged
≥40 years who participated in screening programmes worldwide
indicated that more than 80% of subjects found to have airway
obstruction defined as postbronchodilator FEV1/FVC<LLN
were previously undiagnosed, and that the absence of com-
plaints of COPD symptoms (dyspnoea, chronic cough and/or
chronic sputum production) was associated with undiagnosed
airway obstruction.30

Díaz et al reported that asymptomatic subjects with persistent
airway obstruction as defined by an FEV1/FVC below the fixed
ratio of 0.70 had exercise tolerance similar to that of healthy
subjects.6 This conclusion was drawn from the analysis of a
group of 22 subjects who did not present with symptoms of
COPD, with a mean age of 61 years and a mean FEV1/FVC
ratio of 68%.6 As the FEV1/FVC ratio normally declines with
age in healthy non-smokers,17 it is plausible that for most sub-
jects in the study by Díaz et al, the fixed cut-off of 0.70 did not
represent the LLN for FEV1/FVC. In other words, we cannot
exclude the possibility that most ‘asymptomatic’ subjects in the
study by Díaz et al did not, in fact, have significant airway
obstruction.

By contrast, we found in our study that mild airway obstruc-
tion as defined by an FEV1/FVC ratio below the LLN had an
impact on maximal exercise capacity and on ventilatory behav-
iour in subjects who did not report activity-related dyspnoea. Of
note, our two matched groups with airway obstruction (either
asymptomatic or COPD) had a similar decrease of peak exercise
capacity and peak V0O2 by comparison with healthy controls,
and a significant proportion of subjects developed dynamic
hyperinflation in these two groups. Borg dyspnoea ratings
during exercise were not identical in these two groups with
airway obstruction, but both groups had significantly higher dys-
pnoea/WR slopes than healthy controls. The significant correl-
ation between Borg dyspnoea rating and IC at the highest
common WR suggests that differences in dynamic hyperinflation
explain at least in part differences in dyspnoea. Nevertheless,
the reasons why with similar resting airway obstruction some
subjects present with activity-related dyspnoea while other do
not is intriguing. As TLCO and carbon monoxide transfer coef-
ficient were similar in our two groups with very similar airway
obstruction, it is likely that the extent of lung parenchymal
destruction was also similar.34 V0E as a function of WR was
strictly similar in all groups throughout exercise: it is, therefore,
very unlikely that differences in dyspnoea were secondary to dif-
ferences in ventilatory demand. The fact that the inflection
point in the VT expansion occurred at a lower V0E and at a
lower VT in the COPD group than in the group of subjects with

Table 3 Measurements at highest common work rate (80 W) in
subjects with mild asymptomatic airway obstruction, patients with
mild COPD and healthy controls

Asymptomatic
airway obstruction
(n=20)

COPD
(n=20)

Healthy
controls
(n=20)

Dyspnoea, Borg scale 3.3±2.1♯ 4.6±2.7♯ 1.6±1.3
Leg discomfort, Borg scale 3.7±3.0 5.1±2.7 3.0±3.0
V0O2, L/min 1.19±0.18 1.20±0.20 1.27±0.17
HR, % predicted maximum 73.3±8.0 73.0±9.1 71.2±7.1
O2 pulse, mL O2/beat 10.2±2.8 10.3±3.6 11.2±3.4
V0E, L/min 38.8±6.9 39.7±11.9 36.7±6.9

f, breaths/min 21.6±6.1 23.1±9.1 19.7±4.0
VT, L 1.80±0.29 1.72±0.46 1.86±0.38
IRV, L 1.42±0.63 1.29±0.56♯ 1.78±0.69
IC, L 3.22±0.61♯ 3.01±0.76♯ 3.64±0.74

Values are means±SD. ♯p<0.05 versus controls.
f, respiratory rate; HR, heart rate; IC, inspiratory capacity; IRV, inspiratory reserve
volume; V0O2, oxygen uptake; V0E, minute ventilation; V0E/V0CO2, ventilatory
equivalents for carbon dioxide; VT, tidal volume.

Table 4 Measurements at highest common ventilation rate
(45 L/min) in subjects with mild asymptomatic airway obstruction,
patients with mild COPD and healthy controls

Asymptomatic
airway obstruction
(n=20)

COPD
(n=20)

Healthy
controls
(n=20)

Dyspnoea, Borg scale 3.8±1.9♯ 5.1±2.5♯ 2.2±1.8
Leg discomfort, Borg scale 4.2±2.2 4.8±1.7♯ 2.8±1.8
Work rate, W 100±28 98±37 103±39
V0O2, L/min 1.41±0.35 1.40±0.45 1.48±0.41
HR, % predicted maximum 78.3±8.7 79.8±9.1 76.7±7.1
O2 pulse, mL O2/beat 11.2±2.8 10.9±3.6 12.0±3.0
f, breaths/min 21.0±4.8 24.4±7.2♯ 20.8±3.6
IRV, L 1.10±0.57 1.15±0.54 1.48±0.60
IC, L 3.15±0.62 3.00±0.74♯ 3.64±0.71
VT, L 2.14±0.44* 1.84±0.52♯ 2.16±0.39

Values are means±SD. *p<0.05 versus COPD; ♯p<0.05 versus controls.
f, respiratory rate; HR, heart rate; IC, inspiratory capacity; IRV, inspiratory reserve
volume; V0O2, oxygen uptake; VT, tidal volume.
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asymptomatic airway obstruction could contribute to explain
differences in dyspnoea, but we are unable to demonstrate this
with our data. IRV as a function of WR was slightly lower in the
COPD group than in the group of asymptomatic subjects with
airway obstruction. A parallel can be made between our finding
and the results of previous studies showing that response to
exercise does not depend solely on the magnitude of airway

obstruction.35–37 For example, Gagnon et al demonstrated in a
crossover study involving patients with moderate to severe
patients with COPD that spinal anaesthesia, through inhibition
of sensory afferents from the lower limbs, did not change
maximal exercise capacity but improved ventilatory efficiency
and exercise tolerance during endurance exercise.37 Similarly,
Leith and Brown reported that the dynamic measurement of
residual volume depends on the static balance between muscle
and elastic recoil forces of the respiratory system, and also on
the ability of subjects to perform prolonged expiration at very
low expiratory flows.36

Our study population was carefully selected in order to avoid
as far as possible confounders that could interfere with our
results. Our three groups were carefully matched for age, sex
and BMI, as these factors can impact on dyspnoea evaluation.38

We also paid attention to exclude from our study subjects with
cardiac comorbidities. This is important, because an association
between chronic heart failure and COPD frequently coexists,39

and dynamic hyperinflation during exercise has been reported
in patients with chronic heart failure and normal spirometry.40

In our study, significant cardiac impairment was unlikely to have
contributed to dyspnoea and/or to dynamic hyperinflation since
heart rate responses, O2 pulse at peak exercise and blood pres-
sure measurements were normal and similar in the three study
groups.

The practical consequences of our findings for the manage-
ment of subjects with airway obstruction detected by screening
remain to be determined. Some physiological studies have sug-
gested a rationale for the utility of long-acting bronchodilators
in patients with mild COPD, with a view to decreasing dynamic
gas trapping, improving resultant restrictive mechanical

Figure 2 Tidal volume (VT; A), breathing frequency (F; B), inspiratory reserve volume (IRV, expressed as a percentage of total lung capacity (TLC);
C) and inspiratory capacity (IC, expressed as a percentage of the value measured at rest during the exercise test; D) are plotted in relation to work
rate. Values are means±SEM. ♯p<0.05 versus healthy controls at a standardised work rate; *p<0.05 versus patients with COPD at a standardised
work rate (Scheffe’s tests).

Figure 3 On evaluation of individual plots of minute ventilation (V0E)
versus tidal volume (VT) (Hey plots), the group of asymptomatic
subjects with airway obstruction had an inflection point of the
relationship between VT and V0E at a similar VT for a similar V0E
compared with controls. By contrast, the inflection point occurred at a
lower VT for a lower V0E in the COPD group (p<0.0001). Graphs
represent mean±SE values. †p<0.05 versus healthy controls and versus
asymptomatic subjects with airway obstruction.
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constraints on VT expansion and thus improving exercise cap-
acity.4 7 41 Our approach provides evidence that about half of
asymptomatic subjects with mild airway obstruction have signifi-
cant dynamic hyperinflation. Although dynamic hyperinflation
contributes to exercise limitation and dyspnoea, the benefits of
inhaled bronchodilators on the reduction in exertional dyspnoea
is far from warranted in these subjects with normal IC at rest.
Indeed, it has been demonstrated elsewhere that patients who
derive the greatest reduction in exertional dyspnoea with bron-
chodilator treatments are those with the most severe lung hyper-
inflation at baseline.41

Limitations
Among the limitations of our study, the criteria used to define
asymptomatic subjects may be open to discussion. The latest
American Thoracic Society statement reaffirmed that the experi-
ence of dyspnoea ‘derives from interactions among multiple
physiological, psychological, social, and environmental
factors’.38 It is acknowledged that the mMRC scale yields a uni-
dimensional rating of disability or activity limitation, and only
provides information on the domain of symptom impact and/or
burden. Thus, this definition criterion in our study did not
explore other domains of dyspnoea measurement, such as affect-
ive distress and sensory-perceptual experience.38 Nevertheless,
we believe that the mMRC criterion was able to capture differ-
ences between symptomatic subjects, and asymptomatic subjects
with airway obstruction in our study, for several reasons. First,
the BDI, which was not a selection criterion, was similar in
asymptomatic subjects with airway obstruction and in healthy
subjects, and was more than two points lower in symptomatic
COPD subjects compared with the two other groups. Second,
health status measured by the SGRQ was similar in asymptomatic
subjects with airway obstruction and in healthy controls, and was
poorer in symptomatic COPD compared with the other two
groups. Third, although we did not record any information on
usual physical activity in the subjects in our study, it is unlikely
that asymptomatic subjects with airway obstruction minimised
dyspnoea compared with matched patients with COPD through
activity avoidance because WR, V0O2, heart rate and breath fre-
quency at ventilatory threshold were similar in these two groups
(see online supplementary table S2), suggesting that decondition-
ing, if any, was also similar.

CONCLUSIONS
In summary, our findings suggest that subjects with mild signifi-
cant airway obstruction (postbronchodilator FEV1/FVC<LLN
with normal FEV1) who do not present with symptoms of
COPD do not represent a physiological variant, but have early
signs of obstructive abnormalities. When they are detected by
screening, these cases may, therefore, deserve closer attention
and may warrant regular follow-up.
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