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         Exertional dyspnea is one of the main factors limiting ex-
ercise capacity in patients with chronic obstructive pul-

monary disease (COPD). 1  Dyspnea in COPD is multifactori-
al; one of the main contributors is the ventilatory limitation, 
which increases the work of breathing. 1  During exercise, the 
breathing pattern (relationship between minute ventilation 
[V· E ] and tidal volume [V T ]) often changes toward more shal-
low breathing (higher breathing frequency [Bf] and smaller 
[V T ]), which is less effi cient for gas exchange. This leads to 

oxygen desaturation 1  and an increase in the ventilatory re-
quirement, which is another cause of reduced performance 
in COPD. At a given V·  E , the V T  is lower and the Bf higher in 
patients with COPD compared with healthy subjects. 2  

 A breathing pattern characterized by a higher V T  and low-
er Bf is more effi cient for gas exchange by reducing the dead 
space, increasing alveolar ventilation, improving oxygen satu-
ration (Sp O  2 ), and minimizing the work of breathing. This fact 
has been shown both in healthy subjects exposed to altitude 3  
and in patients with chronic diseases such as COPD 4  and heart 
failure. 5  However, it should be noted that the adoption of a 
more effi cient breathing pattern (higher V T  and lower Bf) is 
not easy to learn and maintain, especially during exercise. 

 Despite the importance of a more effi cient breathing 
pattern to counteract the ventilatory limitation during ex-
ercise, few studies have analyzed which interventions are 
effective for improving the breathing pattern. Charususin 
et al, 6  as well as our group, 7  have shown that respiratory 
muscle training can improve breathing patterns during ex-
ercise in patients with COPD. Moreover, in 1997, Casaburi 
et al 8  demonstrated that supervised, high-intensity (with a 
workload  ≥ 70% of maximum workload) exercise training 
(ExTr) modifi ed the breathing pattern toward one char-
acterized by a higher V T  and lower Bf during exercise in 
patients with COPD. These results have been confi rmed 
in other studies. 9-13  The same effect was not obtained with 
moderate-exercise training performed at home and based 
on the distance/time method. 12  ,  13  For these reasons, Pu-
ente-Maestu et al 12  suggested that there is a “dose-dependent 
effect” such that the greater improvement in the breathing 
pattern was obtained with a supervised and high-intensity 
ExTr. More recently, a review 14  confi rmed that patients with 
COPD who exercised under supervision at high intensity 
demonstrated the changes in ventilatory parameters that 
are associated with reduced dyspnea. However, those au-
thors raised the question that not all patients can train at 
a high intensity that is uncomfortable and may discourage 
participation, especially at home without a caregiver that 
encourages the patient to train at the prescribed intensity. 
In addition, supervised ExTr, either in the hospital or in 
the outpatient clinic, is often diffi cult to follow for both 
economic and logistical reasons. These are crucial issues, 
as adequate exercise intensity, accessibility, and long-term 
adherence to the ExTr program are keys points for ensur-
ing and maintaining benefi ts. To be successful, a strategy 
to increase physical activity in patients with COPD must 
be attractive and easily used during the daily routines of 
patients. One example is the use of devices that allow pa-
tients to maintain the rate of walking during a home-based 
ExTr program. We have previously demonstrated 15  that the 
use of a metronome allows patients to maintain and sustain 
the optimal exercise intensity and improve exercise capacity 
during a home-based training program. The improvements 
were maintained for 12 mo. 
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   Purpose:     One of the well-known but less-investigated effects of 
pulmonary rehabilitation in patients with chronic obstructive pul-
monary disease (COPD) is the change in breathing pattern toward 
a more effi cient one (higher tidal volume [V T ], lower breathing 
frequency). Evidence suggests this change can be obtained only 
with supervised, high-intensity exercise training (ExTr). However, 
some patients either do not have such programs available or are 
unable to exercise at that intensity. We evaluated the effects of a 
12-wk, moderate-intensity, home-monitored ExTr program using 
a metronome on the breathing pattern, oxygen saturation (Sp O  2 ), 
and dyspnea during exercise in patients with COPD. 
   Methods:     Twenty-one patients with COPD (7 female, aged 
64-85 yr) performed spirometry, incremental, and endurance 
walking tests (at 60% of maximal walking speed) on a treadmill 
before and after training. During the endurance test, patients 
were equipped with an instrument that continuously monitored 
ventilation (V·  E ), breathing pattern, and Sp O  2 . Patients trained at 
home for 12 wk, 30 min/d for at least 4 d/wk at moderate inten-
sity. A metronome paced the walking speed. 
   Results:     Sixteen patients completed the program. After train-
ing, a signifi cant change was observed in breathing pattern (low-
er V·  E  and V·  E /V T  ratio;  P   <  .001), a higher Sp O  2  ( P   <  .001), 
and a lower dyspnea perception at the same work intensity ( P   <  
.01). The V·  E /V T  ratio and Sp O  2  during exercise were signifi cantly 
related ( r   =  0.56,  P   =  .001). 
   Conclusion:     A change in breathing pattern towards more effi -
cient ventilation can be obtained with a moderate, home-mon-
itored ExTr program with a pace that is controlled by a metro-
nome. Decreased V·  E /V T  was associated with an improved Sp O  2  
during exercise.   
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[AQ00]

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

JCRP-D-17-00166_LR   1JCRP-D-17-00166_LR   1 07/06/18   1:50 PM07/06/18   1:50 PM



 Figure 1.   Ventilation (A), ventilation/tidal volume ratio (V
·
E/VT) (B), and oxygen saturation (SpO 2 ) (C) trends during the endurance test before and after 

the ExTr program. Data reported as mean values  ±  SE at 1, 2, 3, 4, 5, and 6 min of the endurance test. Pre- and post-ExTr data were analyzed using 

analysis of variance. ExTr indicates exercise training; SpO 2 , oxygen saturation; V
·
E/VT, ratio between ventilation and tidal volume. 
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 Based on these considerations, we aimed to assess the ef-
fect of a 12-wk, moderate-intensity, home-monitored ExTr 
using a metronome ExTr program on the breathing pattern, 
Sp O  2 , and dyspnea during exercise in patients with COPD.   

 PATIENTS AND METHODS 

 Patients with COPD who attended the outpatient clinic of 
the Department of Respiratory Diseases, Ferrara University 
Hospital, were consecutively recruited. The Ethics Commit-
tee of the University of Ferrara approved the study and all 
patients provided written informed consent. 

 Patients were in stable condition, free from an exacerba-
tion for at least 3 mo, and had not previously participated in 
the other ExTr program. Subjects were screened for cardio-
vascular, neurological, or musculoskeletal diseases, which 
could be exercise-limiting factors. All patients during the 
program followed their regular pharmacological treatment. 

 At baseline, all patients underwent spirometry and 2 walk-
ing tests on a treadmill (an incremental symptom-limited 
test and an endurance test). After warm-up, the incremental 
test was started at 1 km/hr and the speed was progressively 
increased by 0.2 km/hr every 10 m. The test ended when the 
patient was unable to continue due to either severe dyspnea 
or muscular fatigue. The incremental test was used to defi ne 
the maximal walking speed. After a 1-hr rest, patients per-
formed a 6-min endurance test at 60% of maximal walking 
speed. Intensity of dyspnea and leg discomfort were rated 
using the modifi ed Borg scale (0-10) at rest, every minute 
during exercise, and at peak exercise. During the endurance 
test, patients used a portable spirometry system (Spiropalm, 
Cosmed) to measure V· E  and breathing patterns (Bf, V T , and 
V· E /V T  ratio) during exercise with continuous monitoring of 
Sp O  2  and heart rate. 

 The average speed recorded during the endurance test 
was chosen as the walking speed for the self-monitored 

ExTr at home. After 1 wk, the endurance test was repeat-
ed to identify the optimal exercise intensity and familiarize 
the patients with the ExTr program. Patients were asked to 
walk at home 30 min/d for at least 4 d/wk and to complete 
a daily training diary to document their compliance with 
home-based training: session duration, dyspnea perception, 
and muscular fatigue were reported. 

 A light portable metronome (model DM50 clip-on met-
ronome, Seiko) was used to maintain the prescribed walk-
ing speed. Special attention was given to the explanation of 
the home training method, especially in terms of walking 
speed and step frequency. The cadence of the metronome 
was regulated by observing the patients walking both on 
the treadmill at the designated speed and then in a corridor 
to ensure that the cadence was comfortable with the indi-
vidual preferred step length. 15  An exercise therapist super-
vised patients weekly for the fi rst month to check that they 
maintained the correct step frequency. After 12 wk, patients 
repeated the spirometry and the endurance test at the same 
walking speed as the baseline test.  

 STATISTICAL ANALYSIS 

 Data are presented as mean  ±  SD. The  t  test was used to 
compare anthropometric, spirometry, and endurance test 
data before and after the training. The effects of training on 
ventilation, breathing patterns, and Sp O  2  were evaluated by 
analysis of variance tests (data were averaged every minute) 
and the  P  values were adjusted with Bonferroni correction. 
Pearson’s  ρ  correlation analysis was carried out to compare 
the V· E /VT ratio (difference of V· E /V T  ratio during the test 
and at rest) and delta Sp O  2  (Sp O  2  at rest  −  lower Sp O  2 ).    

 RESULTS 

 Twenty-one stable patients with COPD (7 female; 4 mild, 
10 moderate, and 7 severe COPD) were included in the study. 
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The age range of the study population was 64 to 85 yr. Six-
teen patients completed the study. Two patients dropped out 
of the study on their own volition due to poor compliance to 
exercise (reluctant to follow the prescribed program) and 3 
dropped out for exacerbation of their COPD. 

 The diary analysis showed that all patients trained on 
average 31  ±  8 min daily, 5  ±  1 d/wk, with a dyspnea 5  ±  1 
on the Borg scale (0-10). Compared with baseline, subjects 
showed no changes in spirometry parameters after train-
ing (forced expiratory volume in the fi rst second  =  65%  ±  
11% vs 65%  ±  12% predicted). 

 After training, a signifi cantly lower V· E  and V· E /V T  ratio 
was found during the endurance test ( Figures 1A  and 1B). 
We observed a higher Sp O  2  during exercise (mean Sp O  2  92% 
 ±  2% vs 94%  ±  2%;  P   <  .001;  Figure 1C ). Patients also 
reported signifi cantly lower dyspnea (6  ±  1 vs 4  ±  2 on the 
0-10 Borg scale;  P   <  .01) and muscular fatigue perception 
(5  ±  2 vs 2  ±  2 on the 0-10 Borg scale;  P   <  .01) at the 
end of the test. A signifi cant correlation between the change 
in V· E /V T  ratio and the change in Sp O  2  during exercise ( r   =  
0.56,  P   =  .001) was found ( Figure 2 ).     

 DISCUSSION 

 The main result of this preliminary study was the effec-
tiveness of a home-monitored (using a metronome) ExTr 
program at moderate intensity for changing the breathing 
pattern toward a more effi cient one (ie, higher V T  and lower 
Bf) and is associated with an increased Sp O  2  during exercise. 
In fact, after training, we found a lower ventilation and a 
decreased V· E /V T  ratio (an index of the greater contribution 
of V T  to V E ). The decreased V· E /V T  ratio infl uenced gas ex-
change. Patients showed a higher oxygen saturation during 
exercise, which correlated with the decreased V· E /V T . These 
results are consistent with previous studies. 3-5  

 It seems that the use of a metronome to drive the inten-
sity of training allows patients to achieve and maintain 
over time the appropriate exercise intensity, 15  provided that 
the step length and frequency are properly checked. It is 
possible that when the ExTr is based on the distance/time 
method, the walking speed progressively decreases due to 
the diffi culty of maintaining the prescribed intensity, thus 
making the program less effective. 13  In fact, the tradition-
al methods of prescribing a home-based ExTr program in-
volve the use of different devices (ie, pedometers or acceler-
ometers) that monitor the amount of physical activity but 

not the intensity of the exercise. Therefore, we can conclude 
that the positive effects on the breathing pattern can also be 
achieved using a nonsupervised ExTr program at moderate 
intensity. However, the key point is the adoption of strate-
gies that allow patients to maintain over time the prescribed 
exercise intensity. As expected, we also found that the de-
creased V· E /V T  ratio and the higher Sp O  2  during exercise, at 
the same work intensity, reduced the perception of dyspnea. 

 While these are preliminary data, it is encouraging that 
signifi cant improvements are reported. The main limitation 
of this study was the lack of a control group, but further 
recruitment of patients is underway to confi rm these results 
using a randomized controlled study design.     
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  Figure 2.   Correlation between the delta ( Δ ) V
·
 E /V T  ratio (V

·
 E /V T  ratio during 

the test  −  at rest) and the delta Sp O  2  (Sp O  2  at rest  −  lower Sp O  2 ) during 

the endurance test. Sp O  2  indicates oxygen saturation; V
·
 E /V T , ratio be-

tween ventilation and tidal volume.  
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