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Abstract

Objective: Tobacco smoke is the most important factor in the etiology
of chronic obstructive pulmonary disease (COPD). Even in developed
countries, COPD is among the leading causes of death. Early diagno-
sis of COPD is crucial to decrease rates of morbidity and mortality.
Can COPD be recognized by exercise testing before air flow limitation
is diagnosed by pulmonary function tests (PFTs)? This study sought
to evaluate the role of cardiopulmonary exercise testing in ex-smokers
as an early parameter for diagnosing COPD.

Methodology: Fourteen healthy nonsmokers with normal PFTs (group
1) and 30 ex-smoker GOLD stage 0 COPD patients (group 2) were
included in our study. The patients’ FEV1 values and FEV1/FVC ratios
were normal. The subjects in group 2 had smoked cigarettes for more
than 10 pack-years. All subjects underwent PFTs and symptom-lim-
ited cardiopulmonary exercise testing (CPET) using a treadmill.
Results: Analyses were performed to determine whether there was
a significant difference between groups 1 and 2 with regard to maxi-
mum oxygen uptake, breathing reserve, oxygen saturation, maximum
minute ventilation, maximum voluntary volume, metabolic equivalent,
inspiratory capacity, end expiratory lung volume and heart rate. There
was a statistically significant difference in maximum oxygen uptake
between groups (p<0.05).

Conclusion: Our results demonstrated a mild decrease in maximum
oxygen uptake in GOLD stage 0 COPD patients. In high-risk popula-
tions, CPET may prove to be an important test in the early identifica-
tion of COPD.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
disease that is rising in prevalence and mortality [1]. Ciga-
rette smoking is 2 major risk factor for developing COPD
[2]. Even in developed countries, COPD is among the
leading causes of death [3,4].

Spirometric methods have been used in the early diag-
nosis of COPD; however, results of these methods remain
controversial [5]. Several authors have reported high rates
of false-positive results when spirometric evaluation is used
in healthy populations; however, it can be used as a screen-
ing test in high-risk populations [1,4]. The disease is usu-
ally not diagnosed until it is clinically apparent and moder-
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ately advanced, although early diagnosis and treatment of
COPD offer improved outcomes. Thus, early diagnosis of
COPD has a critical importance.

This study sought to reveal the ventilatory changes due
to maximal exercise in GOLD stage 0 COPD patients who
had smoked cigarettes for more than 10 pack-years. We
also sought to evaluate the value of cardiopulmonary exer-
cise testing (CPET) in the early diagnosis of GOLD stage
0 COPD in ex-smokers.

MATERIALS AND METHODS

Subjects

Fourteen healthy subjects (group 1) and 30 ex-smoker
GOLD stage 0 COPD patients (group 2) were included in
this study. All ex-smokers had smoked cigarettes for more
than 10 pack-years. Ex-smokers who had coughing and
sputum were selected at random from our smoking ces-
sation program prospectively. Subjects with concomitant
disease, such as vascular, neuromuscular, or cardiac disease,
were excluded from the study. The groups were formed
according to the GOLD 2003 consensus report [4]. All
subjects had normal forced expiratory volume in one sec-
ond (FEV1) values (>80%) and FEV1/forced vital capacity
(FVC) ratios (>70%). Pulmonary function tests (PFTs)
were evaluated for each subject, and maximal heart rate on
limited CPET was recorded. Data were analyzed to deter-
mine whether there were any between-group differences
in terms of maximum oxygen uptake (VO2 max), breath-
ing reserve (BR), maximum voluntary ventilation (MVV),
maximum minute ventilation (VE max), inspiratory ca-
pacity (IC), end expiratory lung volume (EELV), oxygen
saturation (Sa02) and heart rate (HR). IC and EELV
were compared between baseline (EELVB, ICB) and peak
(EELVP, ICP) exercise to reveal hyperinflation in group 2.

Pulmonary function testing

Subjects’ age, height (cm), weight (kg), and body mass
index were recorded. Spirometry was performed prior to
exercise testing according to the European Respiratory So-
ciety (ERS) recommendations [6]. FEV1, FVC, and MVV
were measured with a clinical spirometer (SensorMedics
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Table 1. Subject characteristics

Table 2. Exercise test parameters of the subjects

Group | (n:14)  Group Il (n:30) p value
Age (year) 56.71 = 9.08 48.42 + 9.24 p >0.05
Gender M 6 12 0 >0.05

F 8 18

BMI kg/m? 26.14 += 4.08 48.42 + 9.24 p >0.05
FEV, % 96.42 + 4.58 92.20 + 7.16 p >0.05
FEV,/FVC % 78.14 = 3.54 78.81 = 3.66 p >0.05
FEFy5.75 % 86.86 = 16.58  71.36 = 21.98 p >0.05
FEF5, % 98.85 = 22.15  84.09 = 26.42 p >0.05
MVV L/min 56.71 £ 9.08  87.46 + 28.77 p >0.05

BMI: Body mass index.

FEV,%: Forced expiratory volume in 1 second.
FEV,/FVC%: FEV,/ Forced vital capacity.
FEF25-75%: Forced expiratory flow.

FEF50%: Forced expiratory flow.

MVV: Maximal voluntary ventilation.

Vmax spectra 229, Bilthoven, The Netherlands). A labora-
tory technician demonstrated each respiratory maneuver to
the subject before the test. All subjects performed a maxi-
mal expiratory flow maneuver in the sitting position with a
nasal clip. At least three reproducible tests were carried out
for each measurement, and the best result was recorded.
MVYV values were calculated in L/minute.

Exercise testing

Symptom- or maximal-heart-rate-limited CPET was
performed using a treadmill (Jaeger LE200CE, Nussdorf-
Traunstein, Germany) and spirometer (SensorMedics
Vmax spectra 229, Bilthoven, The Netherlands). All sub-
jects were told not to eat or drink during the two hours
preceding the exercise test. The CPET system was calibrat-
ed before each test. Instead of cycle ergometry, the Bruce
protocol was chosen using a treadmill because of better
subject compliance [7]. ECG, arterial pressure, and Sa0O,
were monitored continuously in each subject during the
tests. Tests were terminated at the point of maximal heart
rate or symptom limitation [8]. Reasons for terminating
the test were recorded (i.e., fatigue, chest pain, leg pain,
dyspnea). Physiologic data [oxygen consumption (VO,)
and carbon dioxide output (VCO,)] were measured with
breath by breath technique [9]. Oxygen uptake, peak CO2
output (PCO,), gas exchange ratio (VCOZ/VOZ), minute
ventilation [VE(BTPS)], IC, EELV, tidal volume (VT),

and 520, were recorded at baseline and peak exercise.

Statistical Analyses

All analyses were performed using SPSS software (Sta-
tistical Package for the Social Sciences, version 9.05, SSPS
Inc, Chicago, IL, USA). Nonparametric Mann-Whitney
test was used to test for significance between groups. Chi-
square test was used to evaluate nominally structured data.
Results were considered statistically significant at a value of

40 AUGUST 2006 - Volume 7 - No. 2

Group I (n:14)  Group Il (n:30) P value
VO, L/min = SD 92.00 = 11.12  82.86 = 14.03 p <0.05
§a0, % + SD 110.78 = 16.56 99.60 + 18.72 p >0.05
Vmax L/min = SD 79419 = 14,20 7797 = 12.73 « p =0.05
BR + SD 19.35 + 7.38 1413 £20.79 p >0.05
METS + SD 8.44 + 1.47 8.94 = 2.02 p >0.05
EELVP + SD 0.99 + 0.44 1.06 + 0.55 p >0.05
EELVB + SD 0.86 = 0.59 1109 =£10:52 p >0.05
ICB = SD 2.59 + 0.75 2.20 = 0.49 p >0.05
ICP + SD 2.41 = 0.64 2.25 = 0.47 p >0.05

EELVB: Baseline end expiratory lung volume.
EELVP: Peak end expiratory lung volume.

ICB: Baseline inspiratory capacity.

ICP: Peak inspiratory capacity.

BR: Breathing reserve.

METS: Metabolic equivalents.

VO0,: Peak oxygen uptake.

§a0,: Oxygen saturation with pulse oximetry

p<0.05. Unless indicated otherwise, data are expressed as
mean + SD. Ranges also are given.

RESULTS

General characteristics

Forty-four subjects were included in the study. The
control group was composed of healthy non-smokers; sub-
jects in group 2 were ex-smokers who had smoked more
than 10 packet-years. Table 1 gives the characteristics of all
subjects. Distributions of age, gender, and body mass index
in each group were similar.

Pulmonary function

PFT results are shown in Table 1. According to GOLD
2003, all subjects showed normal FEV, values and FEV,/
FVC ratios as selection criteria. Fourteen patients in group
2 had lower-than-predicted (<65%) forced expiratory
flow (FEF)25_75 and FEF,, values (47.50%+7.20% and
57.18%:+11.42%).

Exercise tests

Subjects terminated the exercise test owing to general
fatigue (n = 35, 76%) or leg fatigue (n = 9, 14%); dysp-
nea was not observed as a cause of test termination. Table
2 shows the exercise test parameters of all subjects. There
was no significant difference in terms of MVV, VE max, or
BR between groups; however, there was a mild decrease in
VO, max (L/min) between groups (p=0.028).

Hyperinflation parameters are shown in Figure 1. In
group 2, EELV was increased and IC was decreased slightly
at peak exercise, although these changes were not statisti-
cally significant.

There were 14 GOLD stage 0 patients in group 2 who
had small airway narrowing. When we compared exercise
test parameters of these patients in means of peak oxygen
uptake (80.93 + 15.88), metabolic equivalents (METS)
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Figure 1: Changes in hyperinflation parameters in groups.
EELVB: Baseline end expiratory lung volume, EELVP: Peak end expiratory lung
volume, ICB: Baseline inspiratory capacity, IGP: Peak inspiratory capacity.

(8.60 + 2.23), BR (14.37 + 21.58), and VE max (76.23 +
12.60) with control subjects, there were no significant dif-
ferences (p>0.05). Similarly, there were no significant dif-
ferences in terms of baseline and peak IC and EELV values
in patients with small airway narrowing (p>0.05).

DISCUSSION

Smoking is the most important factor in the develop-
ment of COPD [3,10,8]. Early diagnosis of COPD is im-
portant to decrease rates of morbidity and mortality [5].
Spirometric methods are the most extensively used tech-
niques for early diagnosis of COPD [11]. CPETs are used
to evaluate treatment response and determine preoperative
risk; however, to date, they have not been used to diag-
nose COPD because they are expensive, time-consuming
to perform, and follow-up of patients is difficult [12-14].
To our knowledge, there have been no studies assessing
CPETs in the early diagnosis of COPD.

This study was undertaken to evaluate the use of CPETs
in the early diagnosis of COPD in ex-smokers who displayed
GOLD stage 0 with symptoms in terms of coughing and
sputum. When we compared the patients with healthy con-
trols we found that the maximum oxygen uptake in GOLD
stage 0 COPD patients was significantly decreased.

We compared healthy nonsmokers who had normal
PFTs with GOLD stage 0 COPD patients in terms of
VO, max, Sa0,, IC, EELV and BR. We found that al-
though there was no difference in nonsmokers in terms of
BR and SaO,, the VO, max decreased slightly. It is known
that decreases in VO, max occur due to ventilation-per-
fusion mismatch as a response to exercise in COPD pa-
tients [15,16]. There have been no studies assessing the
metabolic and ventilatory response to exercise in GOLD
stage 0 COPD patients. In a recent study, Hogg et al. as-
sessed the small airways of 159 patients according to global
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criteria for COPD [17]. They pointed out that there was
acute and chronic airway inflammation in stage 0 subjects.
On the other hand, it was revealed that hyperinflation was
increased with maximal exercise in COPD patients [18].
In our study, there was a minimal increase in EELV and
decrease in IC at peak exercise in GOLD stage 0 COPD
patients. Although these changes were not statistically sig-
nificant, we thought that minimal hyperinflation could be
the cause of decreased VO, max at peak exercise. In the
light of this data, the authors speculated that the decrease
in VO, max during exercise can also be attributed to a trig-
ger of airway inflammation in addition to ventilation-per-
fusion mismatch and minimal hyperinflation in GOLD
stage O patients.

In smoker subjects, parenchymal changes may develop
in addition to airways disease due to smoking or other fac-
tors [17]. Thus, we are planning a new study in this regard
to evaluate exercise performances and oxygen uptakes with
CPET and parenchymal changes via high resolution com-
puterized tomography in GOLD stage 0 subjects.

Heijdra and coworkers reported no significant difference
in exercise performance results between smokers and non-
smokers on a 6-minute walk test, but they did not compare
oxygen uptake [19]. Similarly, we found no significant dif-
ference in mean exercise performance in our study popula-
tions. We also did not find a significant difference in mean
BR between groups, and the decrease in oxygen uptake was
mild in GOLD stage 0 subjects. Thus, we believe that the
mild decrease in oxygen uptake does not influence exercise
performance in the early stage of COPD.

The ventilatory limitation during exercise can be evalu-
ated by the relationship between VE max and MVV. When
VE max nears MVV, the respiratory reserve decreases
[12-14,20]. It has been reported that during exercise, VE
max nears MVV in patients with COPD; with severe
COPD, VE max can be equal to or higher than MVV.
Negative values for the respiratory reserve are seen mostly
in patients with COPD [15]. In our study, when GOLD
stage 0 COPD patients were compared with subjects in
the control group, there was no statistically significant dif-
ference in terms of respiratory reserve (p>0.05). We can
explain this as being related to normal MVV and VE max
values in the groups.

Vestbo and coworkers followed-up patients with GOLD
stage 0 COPD in their 5th and 15th year with regard to
symptoms such as coughing and sputum. In that study,
24.3% of the patients were still classified as stage 0 or had
progressed to stage 1 and most patients no longer com-
plained of coughing and sputum at the end of the follow-
up period. Thus, these authors suggest that GOLD stage
1 is not a practical stage for identifying subjects at risk for

AUGUST 2006 - Volume 7 - No. 2 41




Ulubay G. et al.

Cardiopulmonary Exercise Testing in the Early Diagnosis of COPD

COPD [21]. We also believe that although the decrease in
oxygen uptake and increase in hyperinflation at peak exer-
cise may be useful parameters for early diagnosis of COPD
in GOLD stage 0 ex-smokers, long-term follow-up with
spirometry and exercise tests is necessary.

Another study has reported that lung function is related
to pack-years of cigarette smoking [22]. We also believe that
the relationship between pack-years of cigarette smoking and
CPET parameters should be investigated in more ex-smok-
ers to evaluate the relationship between these two entities.

FEF,; s and FEF, values can be used to confirm air-
way narrowing in patients whose FEV,/FVC ratios are in-
conclusive, as FEF 5 - and FEF, are known to decrease
in early COPD [13,23]. Some studies have reported a
relationship between narrowing of the small airways, in-
flammation, and fibrosis, and a subsequent decrease in
FEV; [24,25]. However, Stanescu and colleagues have
demonstrated no significant FEV, decrease in 13 years of
follow-up in smokers with small airway narrowing [26].
Because of these conflicting results, we compared 14 sub-
jects with normal FEV, values, FEV,/ FVC ratios, and low
FEF,, s and FEF,; values with the control group. VO,
max and BR did not differ significantly during exercise
between these subjects and the control group. Thus, we
conclude that small airway obstruction does not influence
VO, max in GOLD stage 0 subjects.

In conclusion, there is a significant decrease in VO2 max in
high-risk populations, suggesting that this may be an impor-
tant parameter for the diagnosis of COPD at an early stage.
We suggest that to support the results of our study, long-term
follow-up with spirometry and exercise test is necessary.
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