
Noninvasive Ventilation as an Important Adjunct to an Exercise
Training Program in Subjects With Moderate to Severe COPD
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BACKGROUND: The primary objective of this study was to investigate whether noninvasive
ventilation (NIV) can positively affect exercise capacity, maximum oxygen uptake (V̇O2

), and symp-
toms after a 6-week physical training program for subjects with moderate to very severe COPD.
METHODS: 47 subjects with COPD who were enrolled in a physical training program were
randomized to either physical training alone or NIV � physical training (NIV-Physical training).
Physical training consisted of dynamic aerobic exercises on a treadmill 3 times/week for 6 weeks, for
a total of 18 sessions. NIV was titrated according to the subject’s tolerance at rest and during
exercise. Assessments included physiological responses and symptoms at the incremental cardio-
pulmonary exercise test peak and during submaximal exercise on a treadmill, 6-min walk distance,
maximum inspiratory (PImax) and expiratory pressure (PEmax), BODE index, and health-related
quality of life. RESULTS: 43 subjects completed the 6-week physical training program. Both groups
improved 6-min walk distance, PImax, BODE index, and quality of life, and no differences were
found between groups. However, significant improvements were observed for subjects in the NIV-
Physical training group with regard to PEmax, maximum V̇O2

, maximum metabolic equivalents,
circulatory power, and maximum SpO2

. CONCLUSIONS: A 6-week physical training program
alone can improve tolerance for exercise and quality of life, in addition to reducing the risk of
mortality. However, NIV associated with a physical training program was shown to have an
additive beneficial effect on powerful prognostic markers (maximum V̇O2

and circulatory power)
and to reduce symptoms and improve oxygen saturation in subjects with moderate to very severe
COPD. Key words: noninvasive ventilation; exercise; rehabilitation; physiological adaptations; exercise
tolerance; quality of life; chronic obstructive pulmonary disease. [Respir Care 2018;63(11):1388–1398.
© 2018 Daedalus Enterprises]

Introduction

Patients with COPD usually present exercise intoler-
ance, resulting from changes in lung function, dyspnea,

and muscle fatigue.1,2 Reduced respiratory and peripheral
muscle strength and/or endurance have a negative impact
on the performance of daily life activities,3 which reduces
the quality of life of patients with moderate to severe
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COPD. In addition, more severely affected patients show
more reduced respiratory and peripheral muscle strength
and endurance, as well as more hypoxemia and symptoms
of hyperinflation4 during exercise than patients with mild
COPD.3,5

It is already widely accepted that physical training is an
essential part of nonpharmacologic treatment in moderate
to severe COPD and is considered a key point in pulmo-
nary rehabilitation programs aimed at improving exercise
capacity, reducing symptoms, and enhancing quality of
life.6,7 With physical training being widely recognized and
accepted as a fundamental component of a rehabilitation
process, exercise intensity is an important factor to con-
sidered to achieve satisfactory physiological gains and rel-
evant clinical outcomes.8,9 Many patients with COPD fail
to reach a desirable level of intensity and consequently do
not experience the expected adaptations.6-9 Desaturation
during exercise10 and the hemodynamic changes caused by
dynamic hyperinflation,11 severe dyspnea, and lower limb
fatigue are the main important factors that affect the ability
to maintain exercise intensities sufficient to produce phys-
iological adaptations during a physical training program.6-11

Noninvasive ventilation (NIV) has been proposed as a
way to unload the respiratory muscles,12 reduce symp-
toms,13 and improve exercise tolerance.14 The use of NIV
in association with a formal physical training program has
been shown to be able to unload ventilatory muscles,
reduce symptoms, and improve exercise capacity in sub-
jects with COPD.15-20 However, the studies that demon-
strated these effects have fundamental drawbacks, such as
small sample sizes and technical heterogeneity in terms of
ventilatory modes, inspiratory levels, disease severity, and
physical training intensity. In this field of study, random-
ized clinical trials with larger sample sizes based on sta-
tistical power calculations should also be designed to in-
vestigate the effect of training duration and intensity.6,21

The primary objective of this study was to investigate
whether NIV can positively impact exercise capacity, max-
imum oxygen uptake (V̇O2

), and symptoms after a 6-week
physical training program in subjects with moderate to
very severe COPD. Our hypothesis is that NIV will pos-
itively impact exercise capacity and symptoms in these
subjects.

Methods

Study Design and Participants

This was a prospective, randomized, controlled trial.
Subjects were invited to participate in this study by means of
posters and flyers distributed in the city and via Internet post-
ings. In addition, some patients were referred to the respira-
tory physiotherapy program of our institution. Inclusion cri-
teria were clinical diagnosis of COPD, according to the Global

Initiative for Chronic Obstructive Lung Disease (GOLD)22;
previous history of smoking (� 10 pack-years); ventilatory
reserve � 20%; SpO2

) at rest � 90% or SpO2
at maximum

exercise � 80%; maximum inspiratory pressure (PImax) � 70%
of predicted; clinical stability in the last 2 months; no changes
in medication dosage for 1 month and no participation in a
physical training program for 3 months.

Exclusion criteria were the presence of musculoskeletal,
orthopedic, or neurological conditions that would preclude
participation in the exercise program; a previous history
consistent with heart disease, diabetes mellitus, uncon-
trolled hypertension, or other concomitant respiratory dis-
eases; and failure to comply with the research protocol or
to receive NIV. The study was approved by the ethics
committee of our institution and registered in the Clinical
Trials Register (NCT01464736).

Of the 186 subjects initially evaluated, 47 were included
in this study (Fig. 1). They were randomized to receive
physical training alone or physical training with NIV (NIV-
Physical training) by sealed envelopes that were opened
by a single investigator who did not know the purpose of
the study.

Outcome Measurements

Subjects underwent the study assessments on an out-
patient basis, before and after a 6-week physical training
program. The primary outcome measurement was maxi-
mum V̇O2

, as the main physiological adaptation to training.

QUICK LOOK

Current knowledge

COPD is a systemic disease characterized by obstruc-
tion of airflow and musculoskeletal impairment, which
leads to a loss of physical conditioning and dyspnea by
means of a vicious cycle in which patients limit their
activities to ease symptoms. Noninvasive ventilation
(NIV) combined with a formal physical training pro-
gram can be an effective adjunct to unload ventilatory
work, reduce symptoms, and improve exercise capacity
in patients with COPD.

What this paper contributes to our knowledge

The described 6-week treadmill physical training pro-
gram was beneficial for subjects with moderate to very
severe COPD in that it provided an improvement in
physical capacity and quality of life. In addition, the
combination of the proposed training program with NIV
had even greater beneficial effects, as demonstrated by
the prognostic markers of COPD.
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Secondary outcome measures included dyspnea sensation,
PImax, maximum expiratory pressure (PEmax), 6-min walk
distance (6MWD), BODE (body mass index, air-flow ob-
struction, dyspnea, exercise capacity) index, and quality of
life score using the 36-Item Short Form Health Survey
(SF-36; RAND Health, Santa Monica, California).

Procedures

All evaluations were performed by trained professionals
in the Physiotherapy Department at the Federal University
of São Carlos in São Carlos, São Paulo, Brazil. Maximal
and submaximal exercise tests were performed to evaluate
exercise capacity, respiratory muscle strength was mea-
sured, the BODE index was calculated, and the SF-36
quality of life survey was administered. The tests were
performed by examiners who did not know the subjects’
allocation to the studied groups.

Incremental Cardiopulmonary Exercise Testing. Ex-
ercise tests were performed in the afternoon to avoid dif-
ferent physiological responses due to circadian changes.14

Tests were performed on a treadmill (ATL, Inbrasport, Rio
Grande do Sul, Brazil) according to a protocol previously
applied by our group.23 After calibration according to the
manufacturer’s recommendations, ventilatory and meta-
bolic measurements were obtained with a metabolic sys-
tem (Oxycon Mobile, Jaeger, Hoechberg, Germany).

Breathing frequency, maximum V̇O2
, carbon dioxide out-

put (V̇CO2
), and minute ventilation (V̇E) were recorded

throughout the test. The mean of the highest values reached
during the incremental test’s final 30 s was computed. V̇E

and V̇CO2
values acquired from exercise initiation to peak

were entered into spreadsheet software (Microsoft, Belle-
vue, Washington) to calculate the slope.24 Circulatory
power was defined as the product of maximum V̇O2

and
peak systolic blood pressure. Exercise ventilatory power
was defined as peak systolic blood pressure divided by
the V̇E/V̇CO2

slope.24 In addition, arterial blood samples
were drawn and analyzed using a lactimeter (YSI1500
Sport, YSI Life Sciences, Yellow Springs, Ohio) as pre-
viously described.25 Tests were terminated according to
previously established criteria.14 SpO2

, heart rate, and
blood pressure were also obtained. Subjects were asked
to indicate their shortness of breath using a modified
Borg dyspnea scale.

Constant Speed Exercise Testing. At 48 h after the pre-
vious maximal exercise test, a constant speed test was
applied at 80% of the maximum velocity reached in the
cardiopulmonary exercise testing to assess the physiolog-
ical effects of submaximal exercise during 6 min. The
same intensity was applied after the PT program. Ventilatory
and metabolic measurements (ie, SpO2

and heart rate) were
continuously monitored, and dyspnea scores (CR10 Borg
scale) were obtained at the end of the exercise.

6-Minute Walk Test (6MWT). The 6MWT was applied
according to the American Thoracic Society standardiza-
tion, using a 30-m corridor.26 Each subject was instructed
to walk as far as possible during the allotted time, and all
subjects were given standardized encouragement during
the test. We conducted the 6MWT to assess the subjects’
tolerance for physical effort because it is easy to apply and
is usually well tolerated; moreover, the test is a good sim-
ulation of a daily activity, which makes it possible to
evaluate performance of daily life activities.

Respiratory Muscle Strength Measurements. PImax and
PEmax were assessed using a manometer (Ger-Ar Med, Sao
Paulo/Brazil) as previously described.14 The predicted val-
ues were determined by the equations proposed by Neder
et al.27

BODE Index. The multidimensional grading system was
calculated using the following variables: body composi-
tion by body mass index, degree of airway obstruction by
FEV1 with respect to the predicted value, dyspnea by the
Modified Medical Research Council dyspnea scale, and
ability to exercise by walking distance in the 6MWT. The
subjects received scores according to the results obtained
for each of the 4 variables (0–3 for FEV1, dyspnea, and

Eligible patients
186

Excluded
139

GOLD stage: 24
Mixed obstructive/restrictive: 12
FEV1 > 0.70: 21
Severe heart disease: 10
Severe pulmonary hypertension: 2
Neurological deficits: 4
Severe rheumatic disease: 1
Orthopedic disorders: 15
Respiratory diseases: 8
No history of COPD: 15
Aortic aneurysm: 1
Peripheral arterial disease: 3
Declined to participate: 23

Dropped out: 1
Exacerbation: 1 Dropped out: 2

Subjects enrolled
47

Physical training
24

Assessed
22

Assessed
21

Physical training + NIV
23

Fig. 1. Flow chart. GOLD � Global Initiative for Chronic Obstruc-
tive Lung Disease; CHF � congestive heart failure; NIV � nonin-
vasive ventilation.

EXERCISE TRAINING WITH NIV IN SUBJECTS WITH COPD

1390 RESPIRATORY CARE • NOVEMBER 2018 VOL 63 NO 11



6MWD; 0–1 for body mass index), and these results were
added to obtain a total score that ranged from 0 to 10. The
higher the score, the greater the likelihood of mortality.28

Subject classification was divided into quartiles.

SF-36 Survey. Quality of life was assessed by a generic
questionnaire, validated for the Portuguese language29 and
covering 8 domains: functional capacity, physical aspects,
pain, general health, vitality, social aspects, emotional as-
pect, and mental health. The total score range is 0–100
(0 � worst quality of life, 100 � best quality of life). The
questionnaire application is described elsewhere.29

Titration of Pressure Levels and Adaptation to the
Interface

Before starting the physical training program, subjects
in the NIV-Physical training group performed an NIV ad-
aptation protocol to establish training pressure levels and
to get used to the interface. NIV was delivered with a
bi-level PAP ventilator (BiPAP-S, Respironics, Murrys-
ville/Pennsylvania) via a tightly fitting interface. The ad-
aptation period took place over 3 visits. With the subject at
rest, inspiratory pressure was initially set at 6 cm H2O, and
then it was gradually increased by increments of 2 cm H2O,
until the subject was able to breathe naturally without
additional increases in breathing frequency, signs of dis-
comfort, or airway leaks. Expiratory pressure was set at
3 cm H2O, and then it was gradually increased by incre-
ments of 1 cm H2O, until the subject did not contract the
expiratory musculature, indicated discomfort, or showed
signs of air leakage.14 After a resting period (� 10 min),
subjects were instructed to walk at the speed set for their
training, with the preselected pressure levels and inter-
face (� 10 min). If necessary, values were adjusted
according to the subject’s tolerance. In this study, dif-
ferences between the inspiratory and expiratory pres-
sure levels were always kept at � 5 cm H2O. All sub-
jects opted for the nasal mask; 12 subjects did not tolerate
the facial mask, and 17 subjects could not walk longer
than 5 min due to airway dryness provoked by the in-
terface.

Intervention

PT was applied in both groups for 6 weeks, 3 times/
weeks, for a total of 18 sessions. Each session consisted of
5 min of stretching for the cervical muscles and the upper
and lower limbs, followed by 5 min of warm-up on a
treadmill at 2 km/h, and then 30 min of physical training
at 70–80% of the maximum speed reached in the cardio-
pulmonary exercise testing.23 The sessions were conducted
individually and supervised by a team of physiotherapists.
The speed was increased during the following weeks ac-

cording to exercise tolerance and did not differ between
groups (P � .05, data not shown). Oxygen supplementa-
tion was required only in those subjects who had desatu-
ration during exercise � 90%. Subjects in the NIV-Phys-
ical training group were instructed to walk with the NIV
system comfortably, to breathe through the nose, and not
to speak or open their mouths so that they would not allow
air to escape through the mouth. Subjects were also in-
structed to raise their hands in case of any warning signs
or symptoms during training. Subjects were required to
complete at least 80% of the sessions of the proposed
program to be considered for subsequent analysis.

Statistical Analysis

Considering an � error of 5% and a power of 90%, the
minimum size required for the intervention study to be
performed was determined to be 32 subjects (16 in each
group). However, considering possible losses or failure to
complete 80% of the program, the size was increased by
30%. Thus, a minimum of 42 subjects were considered for
this study, with approximately 21 subjects in each group.
The researcher who performed the statistical analysis was
blinded to which group subjects belonged to.

Data distribution was assessed using the Shapiro-Wilk
normality test. The chi-square statistic was used to test the
variance between categorical variables. A 2-way analysis
of variance was applied to assess the effect of 2 factors and
the interaction between them. The considered factors were
time (pre-intervention vs post-intervention) and intervention
(physical training vs NIV-Physical training), as well as the
interaction between time and intervention. If the interaction
was significant, the estimated marginal means test was ap-
plied. Because observations were performed on the same
individual more than once, repeat measures tests were ap-
plied.

Within-group effect sizes (pre- to post-intervention
changes) were calculated using Cohen’s d and interpreted
as trivial (0–0.19), small (0.20–0.49), medium (0.50–
0.79), or large (� 0.80) effect sizes.30 Data were presented
as mean� SD or as absolute and relative frequency. The
level of significance was 5%. Statistical analysis was
performed using SPSS 13.0 software (SPSS, Chicago,
Illinois).

Results

Population Characteristics

Of the 47 subjects included in the study, 4 were ex-
cluded: 3 dropped out of the study due to �80% adherence
to the program), and 1 presented an exacerbation during
the training program (Fig. 1). Five subjects in the physical
training group and 3 subjects in the NIV-Physical training
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grouped used domiciliary oxygen therapy at night. None
of the subjects used domiciliary oxygen therapy for 12–
24 h. Of the physical training group, 22 subjects com-
pleted the physical training program, and 21 subjects com-
pleted the NIV-Physical training program.

All of the subjects had moderate to very severe airflow
obstruction per GOLD. In the physical training group, 4 sub-
jects were stage II, 12 subjects were stage III, and 6 sub-
jects were stage IV GOLD stage. In the NIV-Physical
training groups, 4 subjects were stage II, 11 subjects were
stage III, and 7 subjects were stage IV. All subjects pre-
sented with reduced maximal exercise capacity (ie, max-
imum VO2

below the lower limit of normality). Breath-
lessness was an exercise-limiting symptom in all subjects.
All subjects presented inspiratory muscle weakness
(PImax �70% of predicted) (Table 1).

In the physical training group, 5 subjects received supple-
mental oxygen via dual-prong nasal cannula at 1–2 L/min,
which was determined to be the minimum flow sufficient to
keep fingertip saturation � 90%. Only 3 subjects of the NIV-
Physical training group required supplemental oxygen, and
this was delivered through the nasal mask at 0.5–1 L/min
(P � 0.05, data not shown).

All subjects successfully tolerated NIV during exercise,
and no subjects discontinued due to NIV. Mean � SD
values for inspiratory and expiratory pressures during the
physical training program were 12 � 2 cm H2O and
5 � 1 cm H2O, respectively.

The physical training program had significant positive
effects on maximum performance in both groups (time
effect), as demonstrated by test time (P � .001), 6MWD
(P � .001), maximum speed (P � .001), maximum V̇CO2

(P � .005), and exercise ventilatory power (P � .04)
(Table 2). However, maximum V̇O2 (Fig. 2) and peak
metabolic equivalents significantly increased only in the
NIV-Physical training group (time and interaction effect,
P � .01 for both). Consequently, circulatory power sig-
nificantly increased only in the NIV-Physical training group
(interaction effect, P � .006).

Table 2 shows that the peak dyspnea in the NIV-Phys-
ical training group was associated with lower values after
exercise (time and interaction effects, P � .04). Blood
lactate significantly decreased after physical training only
in the NIV-Physical training group (time, group, and inter-
action effects, P � .004). In addition, peak SpO2 was signif-
icantly reduced after the training program only for the phys-
ical training group (time and interaction effects, P � .02).

With regard to the constant speed testing (Table 3), V̇E

(P � .03), dyspnea (P � .001) and heart rate (P � .02)
significantly decreased in both groups (time effect). How-
ever, the groups differed after the training program, with
significantly higher SpO2 values only for the NIV-Physical
training group (group effect, P � .04).

Table 4 shows the results of the PT program for the 2
groups. The program effects were not different between
the groups, with increases in PImax (P � .001) and 6MWD
(P � .001), as well as a reduced BODE index (P � .03).
In addition, the exercise program resulted in an improvement
of quality of life in the social (P � .001) and emotional (P �
.04) domains, with no differences between groups. Interest-
ingly, however, PEmax significantly increased only for the
NIV-Physical training group (P � .002), with an interaction
between time and group (P � .004).

Table 1. Subject Characteristics and Pulmonary Function Data

Physical training NIV-Physical training P

Sex, n (female/male) 4/18 4/17 .99
Age, y 68.2 � 8.5 67.8 � 8.9 .99
Body mass, kg 65.5 � 12.3 60.5 � 13.4 .12
Height, cm 163.9 � 8.6 162.3 � 6.7 .48
Body mass index, kg/m2 24.3 � 3.7 23 � 5.2 .22
FEV1/FVC 46.6 � 10.6 46.6 � 11.3 .99
FEV1, L 1.1 � 0.4 1 � 0.4 .37
FEV1, % pred 41.4 � 14.6 38.7 � 16.3 .45
FVC, L 2.1 � 0.6 2.0 � 0.8 .62
FVC, % pred 67.7 � 16.5 65.5 � 22.6 .83
PImax, cm H2O (% pred) 46 � 24 (46 � 21) 44 � 25 (45 � 25) .82
PEmax, cm H2O (% pred) 72 � 28 (72 � 25) 67 � 22 (64 � 19) .78
Domiciliary oxygen therapy, n 5 (20.8) 3 (13) NA

Data are presented as n subjects or mean � SD. There were no significant differences between groups.
For the physical training group, n � 22 subjects; for the NIV-Physical training group, n � 21 subjects.
NIV � noninvasive ventilation
PImax � maximum inspiratory pressure
PEmax � maximum expiratory pressure
NA � not applicable
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Discussion

This study shows that a physical training program pos-
itively affected exercise tolerance, some aspects of quality
of life, and BODE index scores in subjects with moderate
to very severe COPD; however, NIV in conjunction with
a physical training program demonstrates additional ben-
eficial effects on maximum V̇O2

, blood lactate, dyspnea,
and peak circulatory power during maximal exercise, on
SpO2

during submaximal exercise, and on PEmax. From a
clinical perspective, our data indicate that strategies
aimed at reducing work of breathing, such as NIV, can
have additional beneficial effects on important physio-
logical markers and symptoms during exercise in this
population.

Methodological Considerations

In this study, we chose to apply NIV instead of other
modes because it has been used frequently in previous
studies.15-20 Our study strengthens the evidence on the
effects of NIV as an adjunct in rehabilitating patients with
COPD. The benefits on exercise capacity provided by NIV
have been recognized for patients with COPD;14,20,31 in

addition, even though no studies have evaluated costs,
NIV is the most economical modality, compared to pres-
sure support ventilation or proportional assist ventilation.
Effective options that involve lower costs should be en-
couraged in future studies.

As for the interface, we let each subject choose what
was most comfortable for them. We offered facial (orona-
sal), nasal, and oral masks; 100% of subjects opted for the
nasal mask. In the study by Van’t Hul et al,19 the authors
applied NIV by mouthpiece and did not observe any re-
lated discomfort. Other authors have argued that nasal
masks could influence results because of the subjects’ need
to open their mouth to breathe when high effort is de-
manded.31 In our study, the training team reported that no
subject needed to open their mouth to breathe during ex-
ercise.

Another important aspect to be considered was the
type of exercise to be performed by subjects with COPD.
Some authors have applied exercise on a cycle ergom-
eter,15,19 while others have applied exercise on a tread-
mill.14,20 Previous studies have shown that exercise on a
treadmill exerts a greater ventilatory and metabolic de-
mand and induces more desaturation than exercise per-
formed on a cycle ergometer.32,33 Another study has

Table 2. Effects of Physical Training and of NIV � Physical Training on Maximal Performance During Exercise

Physical training NIV-Physical training P

Pre Post Pre Post Time Group Interaction

Maximum time, min 10 � 4.5 12.4 � 5.1* 9.2 � 5.8 12.4 � 5.9* � .001 .84 .31
6-min walk distance, m 435.3 � 200 613.5 � 273.4* 440.2 � 363.5 710 � 440.1* � .001 .66 .15
Maximum speed, km/h 3.5 � 0.8 4.2 � 0.9* 3.5 � 1.2 4.4 � 1.4* � .001 .82 .27
Maximum V̇E, L/min 25.7 � 7.1 25.9 � 9.3 20.6 � 4.3 25.5 � 7.3 .07 .18 .09
Maximum V̇O2

, mL/kg/min 14.3 � 4.3 14.8 � 3.4 13.2 � 4 18.1 � 5.7*‡ .01 .41 .003
Maximum V̇CO2

, L/min 1 � 0.3 1.1 � 0.4* 0.8 � 0.3 1.1 � 0.5* .005 .57 .09
Maximum V̇O2

/V̇CO2
1.1 � 0.1 1 � 0.2 1 � 0.1 1 � 0.2 .24 .89 .29

Maximum metabolic equivalents 3.8 � 1.3 3.9 � 1.1 3.6 � 1.3 5 � 1.6*‡ .01 .25 .02
V̇E/V̇CO2

slope 28.4 � 4.9 27 � 5.1 28.3 � 5.3 25.5 � 6.4 .09 .59 .55
Dyspnea (0–10) 5.1 � 0.25 5.5 � 1.4 5.8 � 0.87 4.2 � 1.7*‡ .04 .63 .001
Maximum heart rate, beats/min 112.8 � 11.7 115.9 � 14.6 111.8 � 14.2 118.2 � 17.1 .06 .89 .49
Maximum SpO2

, % 86.3 � 5.1 83.4 � 6.3 85.5 � 5.8 86.1 � 4.5‡ .12 .61 .02
Blood lactate, �mol/L 2.49 � 1.0 2.63 � 0.92 2.63 � 0.75 1.90 � 0.87*†‡ .004 .040 .01
EVP, mm Hg 4.6 � 1 5.7 � 2.6* 4.2 � 1.3 4.7 � 1.7* .04 .17 .42
CP, mm mmHg/mL O2/kg/min 2644 � 810 2601 � 737* 2165 � 729 3059 � 243*‡ .006 .97 .003

Values are presented as mean � SD.
For the physical training group, n � 22 subjects; for the NIV-Physical training group, n � 21 subjects.
NIV � noninvasive ventilation
V̇E � minute ventilation
V̇O2 � oxygen consumption
V̇CO2 � carbon dioxide production
EVP � maximum systolic blood pressure divided by the V̇E/V̇CO2 slope
CP � circulatory power (product of maximum V̇O2 and maximum systolic blood pressure)
* Significant difference for time effect (P � .05).
† Significant difference between groups effect after training (P � .05).
‡ Significant interaction between group and time effects (P � .05).
For the variables that presented interaction significant was used the post test the estimated Marginal means. For variables that did not present significant interaction, the post test the Tukey was used.
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shown that cycle ergometer exercise, which was unfa-
miliar to the participating subjects, generated a high
lactate response.34 In our study, we chose to apply ex-
ercise on a treadmill because, in addition to potentiating

performance gains by involving more muscle mass, walk-
ing is a type of exercise that recruits larger muscle
groups and, therefore, imposes a greater metabolic and
ventilatory demand.
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Fig. 2. Differences in maximum oxygen consumption (V̇O2
) during physical training and noninvasive ventilation (NIV) � Physical training,

during maximum cardiopulmonary exercise testing on a treadmill. ‡ Significant interaction between group and time effects (P � .05).

Table 3. Effects of Physical Training and of NIV � Physical Training on Submaximal Performance

Physical training NIV-Physical training P

Pre Post Pre Post Time Group Interaction

V̇E, L/min 25 � 7.7 19.4 � 6.6* 24.8 � 10.1 20.3 � 7* .030 .90 .81
V̇O2

, L/min 1 � 0.3 0.8 � 0.3 0.7 � 0.2 0.7 � 0.3 .07 .30 .49
V̇CO2

, L/min 1.1 � 0.5 0.7 � 0.4 0.6 � 0.2 0.7 � 0.2 .18 .12 .13
Metabolic equivalents 4.2 � 1.3 3.5 � 1.7 3.3 � 1.1 3.6 � 1.7 .69 .59 .18
Dyspnea 2.7 � 1.6 1.1 � 1.6* 4.5 � 2.1 1.4 � 2* � .001 .09 .13
Heart rate, beats/min 106.6 � 15.6 104.4 � 13.1* 112.2 � 20.5 103.2 � 19.5* .02 .75 .14
SpO2

at rest, % 92.3 � 3.8 93.2 � 1.7 94.3 � 3.4 95.5 � 2.1 .26 .060 .89
SpO2

, % 84.5 � 5.5 86.3 � 5.2 89.8 � 4.5 90 � 4.6† .37 .040 .45

Values are presented as mean � SD.
For the physical training group, n � 22 subjects; for the NIV-Physical training group, n � 21 subjects.
NIV � noninvasive ventilation
V̇E � minute ventilation
V̇O2 � oxygen consumption
V̇CO2 � carbon dioxide production
* Significant difference for time effect (p � .05).
† Significant difference between groups effect after training (p � .05).
Due to this test performed not having significant interaction for any of the evaluated variables, the post test the Tukey was used.
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Effects of a 6-week Physical Training Program for
Subjects With COPD

The proposed 6-week physical training program on a
treadmill proved to be beneficial to subjects with moderate
to very severe COPD, with a positive effect on exercise
tolerance, PImax, and quality of life. When considering
maximal and submaximal exercise, an improvement was
observed for some ventilatory variables in both tests, in
addition to a heart rate reduction in the constant speed test.

According to the vast literature on the effects of exer-
cise, an initial adaptation occurs in the skeletal muscles,35

which could allow subjects with COPD to exercise with
reduced ventilatory demand while maintaining the same
work load.9 Our results, which include a significant reduc-
tion in the ventilatory demand during submaximal exercise
intensities, corroborate those data.

In addition, the 6-week physical training program also
led to an increased PImax in both groups. Subjects enrolled
in this study presented inspiratory muscle weakness (� 70%
of predicted values), which could help explain their marked
exercise intolerance.36 Another benefit of the physical train-
ing program in our study was better ventilatory efficiency
as indicated by an improvement in exercise ventilatory
power, which is an important marker of morbidity and
mortality in congestive heart failure.24 These results are
relevant because this index has been poorly explored after
the application of a physical training program in subjects
with COPD.

Another important consideration to note is the interven-
tion time proposed in our study. Short-term physical train-
ing programs, usually 6 or 8 weeks long, were able to
interrupt the vicious cycle of dyspnea and intolerance to
physical exertion.7 According to the data discussed in the
meta-analysis conducted by McCarthy et al,37 an aver-
age increase in 6MWD of 43 m after a pulmonary re-
habilitation program is considered a clinically important
difference and indicates that exercise improved the sub-
jects’ functional capacity.

It is worth mentioning that exercise is considered one of
the pillars of pulmonary rehabilitation of patients with
COPD because it determines an improvement in func-
tional capacity, reflected by increases in 6MWD and qual-
ity of life.3,37 Regarding the quality of life of the subjects
enrolled in our study, results showed that improved exer-
cise tolerance after the physical training program had pos-
itive effects on the quality of life of subjects in both groups
in the functional, social, and emotional domains, similar to
previous studies.

Márquez-Martín et al38 observed an improvement in
the BODE index and the quality of life in subjects with
COPD when performing exercise alone as well as when
exercise was combined with nighttime NIV for 12 weeks,
with no other differences between the protocols. In our
study, these variables presented an improvement with
both protocols after only 6 weeks, with no differences
between groups.

Table 4. Effects of Physical Training and of NIV � Physical Training

Physical training NIV-Physical training P

Pre Post Pre Post Time Group Interaction

PImax, cm H2O 45.9 � 24.2 57.5 � 24.7* 44.2 � 25.7 65 � 30.9* � .001 .70 .13
PEmax, cm H2O 74.3 � 29.2 75 � 28.8 67.1 � 23 86.1 � 32.9*† .002 .80 .004
6-min walk distance, m 374.8 � 115.2 419.2 � 108.1* 363 � 158 451.5 � 158.2* � .001 .79 .12
BODE index, total score 1.95 � 0.7 1.86 � 0.6* 2.32 � 0.8 2.04 � 0.7* .030 .27 .17
Short Form-36

Physical functioning 63.3 � 24.5 70.7 � 17.3* 58.1 � 27.8 70.8 � 27.1* .004 .74 .42
Role limitations as a result of physical problems 70.8 � 39.5 70.8 � 40.4 58.1 � 48.5 76.9 � 37.4 .09 .50 .09
Body pain 68.8 � 24.9 78 � 21.2 79.2 � 27.8 76.8 � 30 .52 .53 .28
General health perception 65.1 � 20 69.5 � 17.1 60.2 � 26 56.7 � 19.8 .90 .18 .24
Vitality 59.8 � 20.3 62.6 � 16.4 58.1 � 22.8 56.9 � 24.6 .75 .59 .46
Social functioning 76.8 � 27.8 89.3 � 17.8* 71.9 � 24.5 94.8 � 14.6* � .001 .97 .26
Role limitations as a result of emotional problems 83.3 � 28.6 87 � 23.3* 81.8 � 31.1 100 � 0.0* .04 .47 .18
Mental health 67.2 � 22.3 72.4 � 19.9 64.6 � 20.6 67.1 � 17.2 .19 .55 .64

Values are presented as mean � SD.
For the physical training group, n � 22 subjects; for the NIV-Physical training group, n � 21 subjects.
NIV � noninvasive ventilation
PImax � maximum inspiratory pressure
PEmax � maximum expiratory pressure
* Significant difference for time effect (P � .05).
† Significant interaction between group and time effects (P � .05).
For the variables that presented interaction significant was used the post test the estimated Marginal means. For variables that did not present significant interaction, the post test the Tukey was used.
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Additional Effects of Bi-Level NIV After a 6-week
Physical Training Program in Subjects With
Moderate to Very Severe COPD

In this study, we observed significant maximum V̇O2

and peak metabolic equivalent improvements only in the
NIV-Physical training group. V̇O2

is an important marker
of true physiological adaptation to exercise in patients with
COPD.39 The gain in exercise capacity indicated by the
maximum V̇O2

increase of 4.9 mL/kg/min observed in this
study is probably due to the use of NIV because the use of
positive pressure tends to improve cardiac function and
regional vascular distribution, in addition to reducing the
transmural pressure gradient and the left ventricular afterload,
which allows the improvement of blood supply to the periph-
ery, subsequently allowing individuals to gain exercise ca-
pacity.40

Carvalho et al40 showed that the minimum detectable dif-
ference calculated for maximum V̇O2

was 1.02 mL/kg/min. A
maximum V̇O2

increase of 2.2 mL/kg/min was observed, cor-
responding to a gain of 12.3% in the NIV phase compared
with the control phase.

In a previous study by our group, we showed that ex-
ercise alone significantly improved maximum V̇O2

after
only 12 weeks.41 Another study comparing NIV and ox-
ygen supplementation showed that only NIV could im-
prove maximum V̇O2

after 6 weeks.14 These results, taken
together, confirm that NIV can help sustain higher levels
of training intensity, which can allow a short-term physical
training program to have positive effects on the enzymatic,
mitochondrial, and vascular mechanics of peripheral mus-
culature.17 However, muscular intrinsic factors were not
explored in the present study. We also observed a signif-
icant reduction in blood lactate, another important factor
that limits exercise capacity, especially in subjects with
more severe COPD.14,20,42

We observed a significant improvement in circulatory
power only in the NIV-Physical training group. Circula-
tory power represents the volume of O2 added to the mixed
venous blood by the lungs and transferred to systemic
arterial circulation, against a pressure gradient, by the
heart.43 In this context, circulatory power has been pro-
posed as a surrogate of cardiac power because it presented
a better prognostic value than maximum V̇O2

, O2 pulse, or
peak systolic blood pressure in subjects with chronic heart
disease.43 However, to our knowledge, no studies have
focused on the effects of a physical training program in
combination with NIV on circulatory power. Considering
the current literature on other chronic diseases, circulatory
power appears to be a promising parameter to evaluate the
effects of nonpharmacological interventions in patients with
COPD.

As previously discussed, the proposal to add NIV to
exercise is intended to reduce ventilatory load during high-

intensity exercise, which will allow patients to exercise
more vigorously, reduce ventilatory work and dyspnea
symptoms, attenuate desaturation,14 and increase effort tol-
erance of subjects with more severe COPD.12,14

Other important outcomes that confirmed the potential
beneficial effects of NIV as an adjunct to an exercise
program were maximum dyspnea and peak SpO2

. Although
self-reported dyspnea is a subjective measure and SpO2

may be difficult to capture, especially in the presence of
accelerated walking or reduced peripheral perfusion, we
consider both measures to be important because of their
significance and ease to obtain in clinical practice. In this
study, maximum dyspnea decreased during maximal and
submaximal exercise, and SpO2

increased only in the NIV-
Physical training group. These results could be explained
by considering that NIV may improve pulmonary ventila-
tion, the ventilation-perfusion ratio,14 and dynamic hyper-
inflation; however, these mechanisms were not explored in
depth.

In the study by Márquez-Martín et al,38 the authors com-
pared 3 treatment protocols: NIV only, endurance training,
and strength training. The combination of training with
NIV for 12 weeks resulted in an increased tolerance of
effort, as shown by increases in the 6MWD (eg, the au-
thors observed a gain of 42 m with the isolated training,
while the gain of 83 m was noted when the training was
combined with the NIV). Similar results were observed in
our study because exercise alone generated a gain of 45 m
in the 6MWD, while the combination with NIV led to an
increase of 88 m. This is likely due to the muscular assis-
tance provided by the ventilatory support , which led to an
increase in functional capacity.

We observed that when NIV was administered in con-
junction with a PT program, expiratory muscle strength
improved. We consider this result to be very important
because expiratory muscle weakness has been shown to be
associated with ineffective coughing and with impaired
strength and work of the diaphragm. The expiratory mus-
cle improvement we observed in this group could improve
neuroventilatory dissociation during exercise.44

In the study on nocturnal NIV by Kneidinger et al,45

which involved subjects with terminal lung disease await-
ing long-term pulmonary transplantation, the authors ob-
served that pulmonary rehabilitation was feasible and pro-
vided clinically relevant improvements of physical capacity
and quality of life; moreover, pulmonary rehabilitation
presented increased benefits in subjects treated with NIV
when compared to subjects who did not receive NIV.

The main limitation of our study was the inability to
blind subjects and the physiotherapists who applied the PT
program. However, we consider this limitation to be in-
herent to studies in which NIV and training are applied, as
reported in previous studies.13-16,19
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Another limitation of our study is that the SF-36 survey
used to assess subjects’ quality of life is not specific for
COPD patients. However, according to the literature, this
survey allows the evaluation of subjective aspects related
to the disease, despite being a generic questionnaire.

A potential limitation of this study was the lack of ac-
curate data on the final costs of physical training sessions
combined with NIV. Although the low cost for NIV equip-
ment acquisition may not be a limiting factor, the cost
related to the service provided by trained professionals
able to apply NIV during exercise should be considered.
For these reasons, further studies are needed to investigate
the possibility of successfully combining exercise programs
with the application of NIV.

Conclusion

Our study has demonstrated that a 6-week exercise pro-
gram alone can improve tolerance to exercise and quality
of life. However, NIV in combination with an exercise
program has an additive beneficial effect on powerful prog-
nostic markers (eg, maximum V̇O2

and circulatory power)
and was able to improve oxygen saturation and reduce
symptoms in subjects with moderate to very severe COPD.
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