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ABSTRACT

We compared the effects of a new physical activity education
program approach (EDU), based on a periodically supervised
protocol of different exercise modalities vs traditionally super-
vised combined strength-endurance training (CT) on health-
related factors in patients with stable chronic obstructive pul-
monary disease (COPD). Twenty-eight COPD patients without
comorbidities were randomly assigned to receive either EDU or
CT. CT was continuously supervised to combine strength-en-
durance training; EDU was taught to progressively increase the
rate of autonomous physical activity, through different training
modalities such as Nordic walking, group classes and circuit
training. Body composition, walking capacity, muscle strength,
flexibility and balance, total daily energy expenditure and qual-
ity of life were evaluated at baseline, after 28 weeks training
period (3d/week) and after a 14-week follow-up. No adverse
events occurred during the interventions. After training, CT and
EDU similarly improved walking capacity, body composition
and quality of life. However, after 14 weeks of follow-up, such
improvements were not maintained. Only in CT, muscle
strength and flexibility improved after training but returned to
baseline after follow-up. EDU, similar to CT, can effectively and
safely improve health-related parameters in COPD patients.
EDU could be an attractive alternative to traditional supervised
training for improving quality of life in COPD patients.

Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by
a progressive airflow limitation that is not fully reversible and is
often associated with extra-pulmonary comorbid conditions [33].
Engagement in reqular physical activity can provide effective ways
to avoid impairments in functional capacity and to prevent physi-
cal disability in COPD patients [24, 29, 31]. It follows then that long-
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term strategies for promoting and maintaining an active lifestyle
are strongly advocated in such patients [19]. Detailed recommen-
dations for pulmonary rehabilitation in COPD patients have docu-
mented that physical activity does improve exercise capacity, mus-
cle strength, disease symptoms and quality of life [29]. However,
the inclusion of COPD patients in physical exercise programs has
proven to be difficult, due to a lack of exercise programs geared to-
ward such patients and their reluctance to continue long-term par-
ticipation [32]. Indeed, it has been shown that dropout rates of up
to 50 % and poor compliance [12,29] may be related to the low
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exercise tolerance and higher fatigability associated with COPD
[4,5]. Finally, there is no consensus on optimal methods to achieve
a long-term adherence to programs for improving health-related
factors in stable patients with COPD.

To date, few studies have compared the effects of different ap-
proaches to planning physical activity on health-related parame-
ters in stable COPD patients [12, 28]. Combined exercise training
thatincludes aerobic, strength, balance and flexibility training has
been shown to improve clinical and functional capacities and com-
pliance [28]. However because COPD places not only physical lim-
itations but also psychosocial stress on the patients suffering such
a condition, it could be interesting to understand the effects of a
different approach on the health-related parameters and quality
of life in these patients. Particularly, a customized physical activity
education program developed and periodically supervised by an
exercise specialist may be more appropriately oriented to enhance
the participant’s autonomy and to encourage COPD patients to
take greater responsibility over their own training. Such an educa-
tion-to-training approach aims to provide support for autonomous
motivation to exercise for patients. Such motivation is central to
the self-determination theory [11], which was recently integrated
into the theory of planned behavior to provide empirical support
for studying motivation in health contexts [13]. Research has shown
that persistence in health behavior is associated with autonomous
forms of motivation [14]. To reach these goals, the protocol of the
physical activity education program included explicit instructions,
worked examples, and role-play with an accompanying training
manual to ensure quality and consistency in the techniques adopt-
ed and behaviors displayed. Furthermore, better understanding
these aspects may shed light on the effects of a physical activity
education program that fosters patient autonomy, can be adapted
to participants’ needs, and is conducive to building a relationship
between the exercise specialist and the COPD patient. To address
these issues, we compared the effects of a 28-week physical activ-
ity education program with 14 weeks of follow-up vs a supervised
combined exercise training on body composition, functional ca-
pacity, daily energy expenditure, quality of life, and adherence to
training protocols in stable COPD patients. We expect such a cus-
tomized physical activity education program potentially may ben-
efit health-related parameters similar to the traditional combined
training in COPD patients.

Methods
Design

This randomized trial was designed to evaluate the feasibility and
effectiveness of a physical activity education program as compared
with combined exercise training in stable COPD patients. The pre-
sent study lasted 42 weeks in all. Assessments were performed at
baseline, at the end of the interventions (28 weeks), and at 14
weeks of follow-up. The primary outcome was the 6-min walk test
(6MWT). Assuming an a-error of 0.05, power of 0.80, 2 groups, 3
repeated measures, an effect size of 0.5 (medium), correlation
among repeated measures of 0.8, and non-sphericity correction of
0.8, an a-priori power analysis calculation showed that a total sam-
ple size of 20 participants was needed (G-Power 3.1, Dusseldorf,

Germany). Because COPD patients are noted to have psychologi-
cal barriers to participation in exercise training [20] and because
dropout rates are known to be high, we aimed for a total sample
size of 28 COPD patients. Allocation and randomization were com-
pleted by one of the researchers without any contact or knowledge
of the participants. The participants were ranked according to their
pulmonary capacity (forced expiratory volume). Then, a restricted
block (size =4) randomization, generated by free online software
(www.randomization.com) was used to allocate the participants
within the 2 groups. Thus, no allocation concealment mechanisms
were necessary.

Participants

Participants (n=28) were recruited at the Cardiovascularand Tho-
racic Department, Respiratory Division, ULSS 20, Verona, Italy, en-
rolled from January 2013 to January 2014, and followed up until
November 2014. Inclusion criteria were: male sex, clinically stable
mild-to-severe COPD, and age >60 years. Exclusion criteria were:
unstable cardiac disease, pneumonia, pulmonary embolism, pul-
monary vascular disease, respiratory infections, lung cancer, tho-
racic malignancy, and bone fractures. Participants were included
who had not attended a pulmonary rehabilitation program during
the previous year. The participants were randomly assigned to re-
ceive either physical activity education (EDU, n=14) or supervised
combined exercise training (CT, n=14). Written informed consent
was obtained from all participants before the study began. The
study was approved by the Ethics Committee of the University of
Verona, met the ethical criteria for studies involving human sub-
jects according the Declaration of Helsinki, and meets the ethical
standards of the journal [15].

Measures

Pulmonary function test

Forced expiratory volume (FEV,) and forced vital capacity (FVC)
were measured using a pulmonary function instrument with com-
puter processing (Quark, Cosmed, Rome, Italy) according to the
methods of the American Thoracic Society/European Respiratory
Society (ATS/ERS) Task Force [23]. The predicted values of FEV; and
FEV;/FVC were calculated according to ATS/ERS [35].

Body composition assessment

Body mass was measured to the nearest 0.1 kg (Tanita electronic
scale BWB-800 MA, Tanita Corporation, Tokyo, Japan) and stature
was measured to the nearest mm (Harpenden stadiometer, Holtain
Ltd., Crymych, Pembs. UK). Body-mass index (BMI) was calculated.
Whole-body composition (fat mass percentage [FM, %], lean mass
percentage [LM, %], and bone mineral content [BMC, kg]) was eval-
uated by means of dual-energy X-ray absorptiometry (DXA) using
a total body scanner (QDR Explorer W, Hologic, Marlborough, MA,
USA; fan-beam technology, software for Windows XP version
12.6.1) according to the manufacturer’sinstructions. All scans were
performed by a single operator [10].

6-min walk test

The 6-min walk test (6MWT) was performed according to a stand-
ardized protocol [7]. Briefly, participants were instructed to walk
on a 30-meter shuttle at the highest feasible speed for 6 min. The
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distance walked in meters at the end of the test was recorded. Par-
ticipants were allowed to stop and rest during the test. Ratings of
perceived exertion (RPE) were measured using the Borg CR10 scale
modified for dyspnea [22] at the end of the test.

Strength, flexibility, and balance tests

Upper body and bilateral lower limb strength (1RM) (chest press
and leg extension, Technogym, Cesena, Italy) was assessed sepa-
rately. The TRM was calculated using the Brzycki formula [8]. Each
set was separated by 60 s of passive recovery [9]. The sit-and-reach
test was performed to assess flexibility of the lower back and ham-
string muscles [17]. Briefly, participants were asked to sit on the
floor and, with knees straight, place hand over hand and reach for-
ward as far as possible without bending the knees. The best of 3 tri-
als was recorded. A timed one-leg stance test (1 min) was used to
assess postural steadiness in a static position [18]. Participants
failed the trial when the contralateral foot touched the ground. The
better of 2 separate trials for each limb were summed to calculate
the total score.

Assessment of energy expenditure, quality of life, and
adherence

Daily total energy expenditure (TEE) was measured with a Sense
Wear Armband (SWA, Body Media Inc, Pittsburgh, PA, USA). This
wearable armband contains an inertia sensor and is validated as an
effective and reliable device to evaluate daily TEE [6], calculated as
the daily average over 48 h monitoring. Quality of life (QoL) was as-
sessed with the Maugeri Respiratory Failure questionnaire (MRF-
26). This 26-item questionnaire investigates daily activity, cogni-
tive function, and invalidity in COPD patients. Item scores are
summed, with higher scores indicating worse health status [34].
Adherence was defined as attendance recorded at each training
session.

Interventions

The study was carried out at the Fitness Centre of the Exercise and
Sport Science School of Verona University. All the supervised train-
ing sessions were monitored by exercise specialists.

The EDU program was scheduled as follows:

Weeks 1-5: supervised training sessions 3 days/week; weeks
6-10: supervised training sessions 2 days/week and self-directed
training sessions 1 day/week; weeks 10-14: supervised training
sessions 1 day/week and self-directed training sessions 2 days/
week; weeks 15-28: self-directed training sessions 3 days/week.
Each supervised training session lasted 60 min and included 3 al-
ternating types of physical activity: aerobics classes with flexibility
and balance exercises, Nordic walking, or weight-free exercises in
circuit training. In more detail, exercises during the aerobic classes
were performed at a self-reported intensity from 3 to 4 out of 0-10
on the CR-10 modified Borg scale, and they included music-based
weight-free exercises (1 set x 8 repetitions, training recovery ratio
as 1to 2/3) tailored for such a population [16]. The Nordic walking
session lasted from 10 to 20 min at self-selected speeds, with an
RPE ranging from 3 to 4. Finally, weight-free exercises (e.qg.,:
squats, lunges, crunches, tailored push-ups, etc.) were performed
as circuit training, from 10 to 15 repetitions per exercise and from
2 to 4 circuits, with 4 min recovery between the circuits. We ex-
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pected that such variety in training routines would promote au-
tonomy, knowledge about different types of exercises, and self-
management of exercise-induced symptomes. Participants also re-
ceived brochures with information about the local physical
activity facilities.

The CT program consisted of structured fitness exercises 3 days/
week with at least 1 day in between each session. The training pro-
tocol was in line with published recommendations [16]. The par-
ticipants self-monitored the intensity and duration of endurance
and resistance exercises to avoid exertional dyspnea [21]. Briefly,
the training protocol combined both aerobic and resistance exer-
cises for a total of 60 min. Endurance exercises consisted of 30 min
of cycling, treadmill walking or using an upper limb ergometer at
an intensity from 3 to 4 out of 0-10 on the CR-10 modified Borg
scale. Workload intensity was adjusted as a function of RPE. Resist-
ance exercises consisted of 4 sets of lower limb (leg press and knee
extension), upper limb (chest press and shoulder press), and trunk
(free-weight abdominal crunch and back extension) exercises per-
formed between 50 and 80 % of 1RM. Load intensity was adjusted
every 3 to 4 weeks according to 1RM test results. Each training ses-
sion ended with flexibility and balance exercises using propriocep-
tive boards. All participants were instructed to continue with their
prescribed exercise program during the 14-week follow-up period.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics version
20 (IBM Corp, Armonk, NY, USA). Data normality was evaluated
using the Kolmogorov-Smirnov test. Data sphericity was tested
using Mauchly’s test. Repeated measures ANOVA was used to com-
pare variables measured over time as the dependent variable and
the effects for time, study group, and time x group interaction.
When time x group interactions results were significant, post-hoc
analysis with Bonferroni’s correction was performed. Data are ex-
pressed as mean = standard deviation (SD). Significance was set at
p<0.05.

Results

Of the 269 male COPD patients initially contacted, 28 volunteered
to participate and 24 completed the study (> Fig. 1). 4 participants
dropped out for reasons unrelated to the study. The data from 24
participants (EDU group, n=12 and CT group, n=12) were used in
the analysis. All variables resulted in normal distribution. » Table 1
presents the baseline characteristics of the participants.

Training adherence, as measured by attendance at sessions, was
100% and 87 %, in the EDU and the CT group, respectively. Chang-
es in values on the 6GMWT, muscle strength, flexibility and balance
tests are shown in > Table 2. Differences between pre- and post-
training values on the chest press (1RM), leg extension (1RM), and
sit-and-reach test were significant only for the CT group. However,
the values for these parameters significantly worsened at the 14-
week follow-up assessment. Improvements in post-training 6SMWT,
RPE, and balance test values over baseline were observed in both
groups but they were not maintained for the 6MWT and balance
test at follow-up, when the values for these parameters were sig-
nificantly reduced.

Downloaded by: Universita degli Studi di Milano. Copyrighted material.



& Thieme

269 male COPD
patients

137 mismatched |_

inclusion criteria

132 eligible

\ 4

40 impossible to
contact

92 contacted

37 declinedto |_

participate

55 interested

> 27 did not attend

28 recruited

12 subjects completed
FC group

2 subjects dropped-out

> Fig. 1 Flow diagram of the recruitment trial.

» Table 3 presents the changes in body composition parame-
ters. The BMC in both groups was significantly higher after train-
ing, while FM % and LM % remained unchanged between baseline
and post-training assessment. Interestingly, FM and LM were worse,
albeit slightly, at follow-up assessment.

Changesin TEE and QoL parameters are shown in > Table 4. TEE
remained unchanged after the training period, while they were sig-
nificantly reduced at follow-up in both groups. The significant im-
provements in QoL that resulted after the training period in both
groups were lost at follow-up.

12 subjects completed
EDU group

A 4

2 subjects dropped-out

Discussion

This is the first randomized trial designed to explore the effective-
ness of a new physical activity education program, based on a pe-
riodically supervised protocol of different exercise modalities vs.
traditional supervised combined exercise training. In line with our
hypothesis, improvements in 6MWT, balance, BMC, and QoL were
observed in both groups after 28 weeks of training. However, at
follow-up assessment 14 weeks later the values for body composi-
tion, BMWT, balance, TEE, and QoL were all impaired. Finally, only

Rinaldo N et al. Effects of Combined Aerobic-Strength... Int | Sports Med
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> Table 1 Demographics and clinical characteristics (mean +SD) at baseline.

Age (yrs) FEV1 (%predicted) FEV1|FVC ( %predicted) BMI [kg - (m?2)1] BODE
CT group 66.2+4.2 60.1+£24.3 53.7+£17.7 28.4+5.7 3.00+£0.85
EDU group 66.1+£4.5 72.2+18.8 58.3+13.8 29.9+4.4 3.18+1.32

CT denotes combined training, EDU physical activity education, FEV1 forced expiratory volume, FEV1/FVC ratio of forced expiratory volume to forced
vital capacity, BMI body-mass index, BODE index Body-mass index, airflow Obstruction, Dyspnea, and Exercise.

> Table 2 Performance parameters measured at baseline, at 28 weeks, and

at 14 weeks of follow-up.

Baseline 28 weeks Follow-up Factor time Factor Time x group

group interaction

6 MWT (m) * # p=0.009 p=0.094 p=0.565

cT 455+110 480+121 409+172

EDU 519+72 540+48 506+65

RPE (0-10) * p=0.019 p=0.731 p=0.129

CcT 6.3+0.9 5.7+0.9 5.7+1.0

EDU 6.4+0.9 5.6%1.1 5.7%+1.0

Leg extension (kg) p=0.005 p=0.197 p=0.046

cT 59.2+18.2 65.8+24.0 8 54.6+26.5%

EDU 64.1+£21.8 65.6+£20.4 60.2+£17.3

Chest press (kg) p=0.000 p=0.028 p=0.011

cT 41.1+£8.9 50.0+8.8 § 39.5+7.4%

EDU 57.8+15.1 54.3+13.9 49.6+9.2

Flexibility (cm) p=0.001 p=0.565 p=0.033

CcT -11.8+12.0 -5.3+10.58§ -9.7+12.2%

EDU -13.5£13.9 -10.7£14.6 -11.6+12.7

Balance (s) * *# p=0.000 p=0.482 p=0.299

cT 47.7+48.2 107.2+22.3 81.4+41.7

EDU 72.5+47.6 104.6+33.8 89.6+36.3

Data are means = SD. * p<0.05 comparing pooled data to baseline; # p<0.05 comparing pooled data to 28 weeks; § p<0.05 compared to baseline;

$ p<0.05 compared to 28 weeks. CT denotes combined training group, EDU physical activity education group, 6MWT 6-min walk test, RPE rating of

perceived exertion.

> Table 3 Body composition parameters measured at baseline, at 28 weeks of training, and at 14 weeks of follow-up.

Baseline 28 weeks Follow-up Factor time Factor group Time x group
interaction

BMC (kg) * p=0.002 p=0.038 p=0.320

cT 2.19+0.39 2.23+0.40 2.20+0.41

EDU 2.60+£0.46 2.62+0.48 2.61+0.47

FM (%) # p=0.015 p=0.760 p=0.837

CcT 29.2+5.0 29.2+4.7 30.0+4.5

EDU 29.0+4.9 28.6+4.6 29.6+4.2

LM (%) # p=0.025 p=0.938 p=0.839

cT 67.9+4.9 67.9+4.6 67.2+4.4

EDU 67.8+4.8 68.2+4.5 67.3+4.2

Data are means = SD. * p<0.05 comparing pooled data to baseline; # p<0.05 comparing pooled data to 28 weeks. CT denotes combined training
group, EDU physical activity education group, BMC bone mineral content, FM fat mass, LM lean mass.

CTincreased muscle strength after the training period, even though
such improvements returned to baseline after the follow-up.

The novel findings of this study are that marked improvement
was achieved in several health-related parameters at assessment
on completion of the EDU and CT programs. QoL and walking ca-

Rinaldo N et al. Effects of Combined Aerobic-Strength... Int | Sports Med

pacity areimportant health aspects for COPD patients and aerobic
or combined exercise training are known to improve both [29]. Our
results show that an EDU program, when delivered by an exercise
specialist, can be a feasible and effective approach to improving
autonomy, QoL, and aerobic capacity in patients with stable COPD.
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> Table 4 Total energy expenditure and quality of life measured at baseline, at 28 weeks of training, and at 14 weeks of follow-up.

Baseline 28 weeks Follow-up Factor time Factor group Time x group
interaction
TEE (kcal) # p=0.049 p=0.441 p=0.852
cT 3070+475 3140522 2890617
EDU 3465+580 3660+974 3290+654
QoL (A.U.) * # p=0.000 p=0.063 p=0.096
CT group 7.2+3.8 4.1+4.4 6.1+4.3
EDU group 5.3%2.1 2.8+2.7 4.1+2.1

Data are means = SD. * p<0.05 comparing pooled data to baseline; # p<0.05 comparing pooled data to 28 weeks. CT denotes combined training

group, EDU physical activity education group, TEE total energy expenditure, QoL quality of life.

Consistent with previous studies [3, 25, 26], no adverse events oc-
curred in the present study, indicating that EDU and CT are safe
protocols for stable COPD patients.

In the present study few differences were found between the
groups. In particular, we noted that muscle strength and flexibility
significantly improved after intervention and decreased at follow-
up assessment only in the CT group. This difference may have been
due to the greater amount of endurance training the EDU group
received. To the best of our knowledge, few studies have compared
combined training with aerobic plus resistance training with other
physical activity programs in COPD patients. As compared with
other types of exercise, greater improvements in muscle strength
were noted after combined exercise training or strength training
[3,25,26,28].

EDU and CT are appropriate interventions to improve several
health-related parameters; however, some improvements gained
during training were lost at follow-up assessment. Furthermore,
body composition and TEE values were impaired in both groups at
follow-up, which suggests that periodic or continuous supervised
training should be recommended to ensure that COPD patients
maintain the health benefits gained and continue to engage in reg-
ular physical activity.

In particular, no significant improvement in daily TEE was ob-
served in either the EDU or the CT group and the TEE values were
decreased in both groups at follow-up assessment. A recent report
indicated an improvement in functional status but no increase in
TEE in COPD patients after 12 weeks of supervised combined train-
ing or calisthenics exercise programs [28]. Similarly, another study
found that walking time improved only after 6 months, but not
after 3 months, of rehabilitation [27]. The lack of an increase in TEE
may be explained in part by the program duration, the type of ex-
ercises, and the health status of the COPD patients, while the de-
crease in daily TEE at follow-up might have been related to the lack
of supervised exercise.

Interestingly, an increase in FM and a decrease in LM were ob-
served at follow-up. Contrary to our results, 2 studies found in-
creases in muscle mass after combined training as compared with
aerobic exercise in COPD patients [3, 26]. Unfortunately, the use
of different measurement techniques and study designs (e. g., com-
puted tomography or DXA) does not allow for appropriate com-
parisons. What the present data do suggest, however, is that both

interventions are effective in avoiding decreases in fat free mass
and increases in fat mass. In addition, BMC was improved in both
groups, though the underlying mechanisms are not fully under-
stood in COPD.

Emerging literature indicates that the reduced balance ability
in older adults with COPD increases the risk of falling [30]. The few
studies that have investigated the effects of balance training in
COPD patients as part of a rehabilitation program have produced
inconsistent results [1, 2]. In our study, balance control was mark-
edly improved in both groups at 28-week assessment but was de-
creased at follow-up, suggesting that a long-term, structured ex-
ercise program may help to maintain this important functional ca-
pacity.

The main methodological limitations of our study are the lack
of a control group and the somewhat small sample size, which,
however, did not preclude the observation of significant differenc-
es over time. In addition, only male patients were recruited.
Although it does exclude any possible sex-related confounding
factors, it would be interesting to evaluate such protocols in
female participants. Notwithstanding these limitations, the
main strengths of the present study are its randomized controlled
design, a new physical activity education approach, the duration
of the study, including the lengthy follow-up period, and the
measurement of several health-related parameters. In this
context, the collaboration with exercise specialists was key to
achieving the potential benefits of combined training and physi-
cal activity education.

In summary, our results demonstrated that both EDU and CT
similarly improved walking capacity, balance, BMC, QolL, and ad-
herence to training in stable COPD patients, although such param-
eters returned to baseline after 14 weeks of follow-up. In addition,
muscle strength improved after training only in CT and, similar to
the above-mentioned parameters, it returned to baseline after the
follow-up. Remarkably, we have shown that this new physical ac-
tivity approach, based on active education-to-training through dif-
ferent exercise experiences in COPD patients, may have overlap-
ping results compared to a traditional supervised combined
strength-endurance training protocol. Therefore, clinicians and ex-
ercise specialists may consider it a convenient alternative to com-
bined training in order to improve health-related parameters in sta-
ble COPD patients.
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