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Background: Regular physical activity is associated with reduced mortality in patients with
chronic obstructive pulmonary disease (COPD). Interventions to reduce time spent in sedentary
behavior could improve outcomes. The primary purpose was to investigate the impact of
telemonitoring with supportive phone calls on daily exercise times with newly established
home exercise bicycle training. The secondary aim was to examine the potential improvement
in health-related quality of life and physical activity compared to baseline.

Methods: This prospective crossover-randomized study was performed over 6 months in stable
COPD patients. The intervention phase (domiciliary training with supporting telephone calls)
and the control phase (training without phone calls) were randomly assigned to the first or the
last 3 months. In the intervention phase, patients were called once a week if they did not achieve
areal-time monitored daily cycle time of 20 minutes. Secondary aims were evaluated at baseline
and after 3 and 6 months. Health-related quality of life was measured by the COPD Assessment
Test (CAT), physical activity by the Godin Leisure Time Exercise Questionnaire (GLTEQ).
Results: Of the 53 included patients, 44 patients completed the study (forced expiratory
volume in 1 second 47.5%%15.8% predicted). In the intervention phase, daily exercise time
was significantly higher compared to the control phase (24.249.4 versus 19.6£10.3 minutes).
Compared to baseline (17.616.1), the CAT-score improved in the intervention phase to 15.317.6
and in the control phase to 15.747.3 units. The GLTEQ-score increased from 12.2+12.1 points
to 36.3£16.3 and 33.7£17.3.

Conclusion: Telemonitoring is a simple method to enhance home exercise training and physical
activity, improving health-related quality of life.

Keywords: telehealthcare, physical activity, COPD assessment test, telephone support

Introduction
Chronic obstructive pulmonary disease (COPD) is an important disease worldwide,
with increasing rates of morbidity and mortality; it is estimated that COPD will
become the fourth-most common cause of death by 2020.! Compared to healthy peers,
patients with COPD show significantly lower levels of physical activity. Moreover,
the deterioration already occurs early in the course of the disease.>”
Donaire-Gonzalez et al found, that only one-quarter of 177 patients with a mean
forced expiratory volume in 1 second (FEV ) of 52% predicted was physically active
for at least 30 consecutive minutes on at least 5 days.!® Low physical activity levels in
COPD patients are on the other side associated with a significantly increased risk of
hospital admissions, which can relevantly be diminished by regular physical activity like
cycling or walking for only 2 h per week.!'"'* Low physical activity levels of patients with
COPD are also correlated with an increased risk of dying.!3!>!¢ Compared to established
predictors of survival in COPD like the BODE (body mass index, airway obstruction,
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dyspnea, exercise capacity) index and the ADO (age, dyspnea,
airway obstruction) index, physical activity is the strongest
predictor of all-cause mortality.!® Again, cycling or walking
for at least 2 h per week versus less than 2 h per week means a
30% reduced respiratory-related mortality, indicating a better
prognosis for patients who remain physically active.!?

The association between being less physically active and
expecting poor clinical outcomes, including beneficial effects
of treatment, underpins the importance to enhance the level
of physical activity in COPD patients in daily life. Pulmonary
rehabilitation increases exercise capacity in patients with
COPD, but the vast majority of studies demonstrates a lack
of improvement regarding the effect on physical activity.'” %
Yet, exercise training — not necessarily as part of pulmonary
rehabilitation — may increase physical activity.?

Therefore, establishing home exercise training could be
considered a simple method to implement regular physi-
cal activity in patients with COPD. But because of a lack
of adherence, motivational strategies are needed to initi-
ate and maintain behavioral changes and to enhance physi-
cal activity.?** Supporting phone calls, every other day for
example, increased regular physical activity in patients with
stable severe COPD at least for a short time.?

Telehealthcare is a novel option to promote physical activity
in patients with COPD. Patients report their physical activity
via internet and/or phone and receive feedback and goal-settings
as well as motivation and support concerning self-care.?”*

In the present study, telehealthcare was used more simply
without requesting patients to report: training times of home
exercise cycle training were recorded and immediately
transferred to the server of the clinic in real time. The primary
aim was to compare daily exercise times in patients with
stable COPD, either with or without supporting phone calls.
Patients were called during the intervention phase, when a
determined daily exercise time was not achieved. Secondary
aim was to explore the impact of such training on health-
related quality of life (HRQOL) and regular physical activity
compared to baseline.

Methods

This prospective crossover-randomized study was approved
by the ethics committee of the Witten/Herdecke University
under number 43/2010 and was registered at ClinicalTrials.
gov, identifier NCT 01987544, Participants gave their written
informed consent.

Patients
COPD patients with Global Initiative for Chronic Obstructive
Lung Disease (GOLD) grade 2—4 airflow limitation (moderate

to very severe)” were eligible in a stable phase of their
disease. After inclusion, patients were classified as belong-
ing to GOLD Group A, B, C, or D of the combined COPD
assessment.*® Exclusion criteria were a malignant or a symp-
tomatic cardiac disease.

Study design

COPD patients were informed about the clinical study when
coming to a routine checkup visit at practices of a network
of participating pulmonologists. Prior to inclusion, the home
exercise cycle training was explained and recommended to
eligible patients. The consenting patients were randomized to
the study using a previously created randomization list, and
the baseline assessments were forwarded to the coordinat-
ing clinic. The descriptive data included lung function and
6-minute walking distance.’'** Dyspnea severity at baseline
was measured by the modified Medical Research Council
(mMRC) dyspnea scale.>* Patients received a bicycle ergom-
eter with a personal introduction at home. The workload of
the cycle training was adjusted to meet patients’ capability
to endure for at least 30 minutes, yet patients were free to
re-adjust their workload at home. The resistance level was
not monitored throughout the study.

Intervention and outcome measures
The ergometer training was monitored during the following
6 months after inclusion, while motivational phone calls were
randomly assigned to the first or the second 3 month period
(intervention period versus control period) (Figure 1). All
patients were instructed to adhere to a daily training target
of 30 minutes. Training times were evaluated at the end of
each week. In the intervention period, patients were called
by telephone when they did not achieve an average weekly
training time of at least 20 minutes per day. No phone calls
took place during the 3 months control period.

The primary outcome measure was the mean daily exer-
cise time in the intervention period compared to the control
period.

To evaluate secondary aims, measurements of all patients
took place at baseline, and 3 and 6 months after baseline
(Figure 1).

1. HRQL was measured by the COPD Assessment Test
(CAT). The test-retest responsivity of the CAT for COPD
patients after rehabilitative interventions is comparable to
that of other quality of life questionnaires.** The CAT’s
minimal clinically important difference (MCID) probably
amounts to at least two units.?¢’

2. The leisure time physical activity was recorded using the
Godin Leisure Time Exercise Questionnaire (GLTEQ).
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Figure | Study flow chart.
Abbreviations: CAT, COPD Assessment Test; GLTEQ, Godin Leisure Time
Exercise Questionnaire.

The questionnaire records frequency and intensity of
leisure time physical exercise of more than 15 minutes
during the last 7 days. To characterize the amount of
physical activity the Godin Total Leisure Activity (TLA)
score is calculated.*®

Telephone calls

The phone calls were semi-structured. All patients were
asked to assess their physical condition and to compare it to
the week before, to assess their motivation to proceed with
the training, and they were questioned regarding problems
with the training and for an estimation of their daily exer-
cise time. The phone call allowed to ask for the cause of a
diminished training time and to encourage patients to increase
their training. The duration of the phone calls was limited to
a maximum of 5 minutes per call.

Telemonitoring

To automatically capture and transfer the training data, the
bicycle ergometers were equipped with a data transmission
system (Global System for Mobile Communication (GSM)
module TC-65 with an integrated micro-Controller (Siemens,

Munich, Germany)). A magnetic switch recorded pedal
movements with a latency of 15 seconds to log the beginning
of the training. 15 seconds after having finished the train-
ing, the acquired time was sent anonymously to the server
of the hospital. Pilot studies proofed this system to allow an
effective and economic transfer of training times.>*4°

Statistics

Daily training time was real-time monitored for every patient.
The primary outcome — mean daily training time — was
calculated for both phases (intervention and control) after
the completion of the study.

An increase in training time of 5 minutes at a prescribed
time of 30 minutes was regarded relevant. A standard
deviation of 10 minutes was assumed with regard to a pretrial
investigation.® With a statistical probability of alpha =0.05
for type 1 error and beta =0.1 for the type 2 error an estimated
sample size of at least 42 patients had to be considered. Because
of'an expected number of 5%—10% discontinuing the study,*!
a total number of 50 study participants was planned.

The following hypotheses (HO, H1) were set to compare
the main study objective (training time):

HO: The mean training time per day in the control group
equals the mean training time in the intervention group.
H1: The mean training time per day in the intervention group
is higher. HO is rejected at p >0.05. The applied statistical
method is the Student’s #-test.

Secondary outcomes: evaluated scores of both ques-
tionnaires (CAT, GLTEQ) after 3 (juncture of cross-over)
and after 6 months were calculated after the completion of
the study for both phases (intervention and control) and
compared to baseline scores. Furthermore, scores of both
groups together (Figure 1) after 3 and 6 months compared
to baseline.

Collected data were evaluated for means and standard
deviations. For not continuous variables, medians and inter-
quartile ranges were reckoned.

Results

A total of 53 patients were included (Figure 1). 2 patients
had to be excluded after randomization, but before start-
ing training (1 newly diagnosed critical aortic aneurysm,;
1 because of failed telemonitoring technique because of
lacking network in rural environment). 3 further patients
had to be excluded for medical reasons during the study
period (1 newly diagnosed lung cancer; one newly diagnosed
spinal cyst, and one newly diagnosed groin abscess, both
with severe pain). 1 of these patients stopped exercise after
having completed the intervention phase, and 2 after having
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completed control phases. 4 patients withdrew their consent
during the course of the study, reasons were discomfort with
the saddle resulting in pain (2), and because the daily exercise
program was thought to be too time consuming (2).

The data of 44 patients (63.3+7.8 years, 23 female) who
finished the study were analyzed (Figure 1). With regard
to the combined COPD assessment, 3 patients belonged to
GOLD Group A, 14 to Group B, 2 had to be assigned to C,
and 25 patients — suffering most from their disease — to
GOLD Group D. Further patient characteristics are described
in Table 1.

Primary objective
Daily training time during the intervention phase with tele-
phone support was significantly superior to daily training
time during the control phase without telephone motivation
(24.249.4 versus 19.6£10.3 minutes, P<<0.001) (Figure 2).
An average of 2.912.9 motivational phone calls per patient
were necessary during the intervention phase because
patients did not meet the determined minimum daily exer-
cise time. When the intervention period was randomized to
the first 3 months, the training time in this period was higher
compared to daily training times in the intervention phase
when randomized to the last 3 months (26.7£8.4 versus
21.549.9 minutes, P=0.066), (Figure 3).

For the 25 patients belonging to Group D in accordance
with the GOLD criteria of the combined COPD assessment,

Table | Patients’ characteristics

Characteristics Mean SD
Age (years) 63.3 7.8
Height (cm) 168.8 79
Weight (kg) 69.3 16.9
BMI 24.3 52
6 MWD (m) 384.3 102.6
FEV, (% predicted) 47.5 15.8
RV (% predicted) 203.6 80.0
CAT score 17.6 6.1
TLA score 12.2 12.1
Median IQR
BODE score 3 3
mMRC dyspnea score 2 |
N
COPD GOLD 4 6
COPD GOLD 3 20
COPD GOLD 2 18
Female 24

Abbreviations: BMI, body mass index; 6 MWD, 6-minute walking distance;
mMRC, modified Medical Research Council; FEVI, forced expiratory volume in
| second; RV, residual volume; BODE, body mass index, airway obstruction, dyspnea,
exercise capacity; CAT, COPD Assessment Test; TLA, Godin Total Leisure Activity;
N, number of patients; SD, standard deviation; IQR, interquartile range; COPD,
chronic obstructive pulmonary disease.

40

35

P<0.001
30

25

20

15—

10—

19.6 24.2

Average training time per day (min)

Control Intervention

Figure 2 Primary objective: daily training times compared between intervention
and control period, n=44.

the difference in daily training time amounted to 23.149.1 (inter-
vention phase) versus 18.1111.2 minutes (control phase).

During the intervention phase, patients stayed below a
daily exercise time of 20 minutes on only 23.1+18.8 days,
which is in accordance with 31.0%+25.2% of a total
of 76.9111.7 training days. During the control phase a
training time of less than 20 minutes was recorded on
30.0+24.3 days — equivalent to 39.7%%3.8% of a total of
78.249.3 training days.

Secondary objectives

1. The CAT score, compared to baseline, improved in the
intervention as well as in the control phase amounting
to around 2 units. The mean baseline CAT score of all
patients came to 17.616.1 and improved after the inter-
vention phase to 15.327.6 (P=0.006) and after the control
phase to 15.747.3 units (P=0.023). Thus, the intervention
period and the control period did not differ significantly
referring to the CAT score (P=0.71), (Figure 3).

Independent of the randomized study periods, the
CAT score improved in the whole group to15.4%8.0
units after 3 months and remained at 15.61£6.9 units
after 6 months. In patients belonging to GOLD Group D
(n=25) the CAT score declined from baseline 18.9+5.2
to 16.017.5 units after the intervention and to 16.2+7.2
units after the control phase.

2. At baseline, the TLA score of the GLTEQ was at
12.2+12.1 points. The score increased significantly in both
randomized study phases, after intervention to 36.3+16.3
and after the control phase to 33.7£17.3 points (P<<0.001
each). The difference between intervention phase and
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Figure 3 Daily training times in the chronological course of the crossover study.
Notes: Cont: patients randomized to control phase first; Int: patients randomized to intervention phase first.

control phase was not significant (36.3£16.3 versus after intervention and to 37.5£16.6 points after the

33.7x17.3, P=0.24), (Figure 4). Independent of the control phase.

randomized study periods, the TLA score improved in

the whole group after 3 months to 36.1+15.1 and after Discussion

6 months to 33.9118.4 points. The presented study was set up to investigate the effects of
GOLD Group D patients (n=25) improved in the simple, domiciliary bicycle ergometer training with telemetric

GLTEQ score from baseline, 10.318.5t038.6£15.9 points ~ monitoring in moderate to very severe COPD patients. Regular
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Figure 4 Secondary objectives: CAT (COPD Assessment Test) score and Godin TLA (Total Leisure Activity) score after 3 and after 6 months, and after intervention and
control period compared to baseline, n=44.
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physical activity — described by the transmitted training times
and the GLTEQ score — was significantly enhanced by such
monitored training over a 6 month period. And as a conse-
quence of the training, there was a clinically meaningful
improvement in HRQOL. A telephone intervention, only
required when the patient undercuts a predefined training
duration, may in addition increase daily training times.

Telephone motivation as required

enhances physical activity

Our telephone encouragement successfully increased the
daily exercise cycle time at home (Figure 2). Motivational
interviewing techniques are helpful to bring about behavioral
changes in COPD patients.*! Hereby, telephone counseling
of outpatient COPD patients is not a new method to improve
their adherence to therapy. Ries et al surveyed the efficacy
of a telephone-based maintenance program after pulmonary
rehabilitation with weekly phone calls over 12 months in
a comparable group of patients with moderate to severe
COPD.* The experimental group maintained exercise
tolerance better than the control group, yet the trial lacked a
measurement of physical activity. A conclusion concerning
physical activity is limited by the fact that an improvement
of exercise capacity is not closely associated with an increase
of self-determined leisure time physical activity.*

As mentioned above, daily physical activity measured
by electronic actigraph counts in patients with severe to
very severe COPD in a stable stage of their disease was
significantly raised due to regular telephone calls on every
second day.? Patients in this study differed from our patient
group in terms of disease severity (32.3%19.4% versus
47.5%+15.8% of the predicted value for FEV ), and the period
of the investigation comprised only 2 weeks. Yet, the given
target of regular in-home exercise to increase daily physical
activity and the simple telephone support without a complex
intervention program were comparable to our data.

Other studies, that found an improvement in physical
activity compared to control groups without prior rehabilita-
tion, applied a complex program with self-monitoring and
education to enhance self-management and self-efficacy
to the intervention arms.?’?® Nguyen et al also included a
reinforcement by regular phone calls of 5—-10 minutes once
and two times per week, respectively.?’ Patients with stable
moderate to severe COPD in this study were assigned to
2 different intervention groups, and both showed a significant
improvement in weekly training times of home endurance
exercise training in terms of walking, cycling, or swimming,
compared to a control group after 12 months (221 and

208 versus 115 minutes). This would equate to a maximum
daily training time of 31.5 minutes, albeit following a
complex intervention process and with unsupervised
independent exercise training.

Telehealthcare as real-time

telemonitoring

Contrary to most published studies, our presented research
aimed at increasing regular physical activity by implement-
ing simple home exercise training with reinforcement
through telemetric surveillance. Up to date, conventional
methods as well as telehealthcare techniques via internet
or mobile phone are based upon data from self-monitoring
and consecutive patient reports to support exercise training
of patients with COPD.* In the presented study, we used
telehealthcare techniques as real-time telemonitoring, with
a remote transmission of exercise times with a latency of
only 15 seconds after registration. The training data were
monitored regarding a potential telephone intervention. That
facilitated the intervention program, because motivational
phone calls took place only when required. Less than three
telephone calls per patient were accomplished on average
during the 3 month intervention phase — thus only one call
per patient per month. Therefore, the presented method seems
to be easy to implement in everyday life. Educated staff of
general practitioners or pulmonologists could be entrusted
with the task to survey the training.

Improvement of physical activity levels
and quality of life by means of monitored
training
The low baseline TLA score of the GLTEQ (12.2£12.1 points,
Table 1 and Figure 4) — representing the last week before
patients started their home exercise cycle training — aligns
with the level of regular physical activity that is known to
be already considerably reduced in COPD patients with just
moderate airflow limitation. Less than half of patients are
moderately physically active for at least 30 minutes per day,
also if the duration of activity is divided into several shorter
bouts per day.!'%#4

The TLA score increased in both of our study arms, up
to 36.31£16.3 (intervention) and 33.7+17.3 (control) points,
respectively. That increase reflects the newly — in the con-
text of the study — started home exercise cycle training.
The physical activity level of our patients was thus improved
by a simple method. On the one hand, an exercise device
was made available. On the other hand, the real-time
telemonitoring surveillance was already perceived as
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supportive, resulting in a significantly higher TLA score
in relation to baseline, also in the control arm without any
counseling by telephone.

The CAT score reduction of more than 2 units versus
baseline in the intervention and control arm indicates an
improvement in HRQL, which is induced by the enhance-
ment of regular physical activity. Two other studies that
investigated an exercise intervention also found a moderate
improvement in HRQL.?*® Moy et al used an Internet-
mediated, pedometer-based exercise intervention. In fact,
the St George’s Respiratory Questionnaire total score did
not improve significantly after 4 months compared to con-
trol, yet a significantly larger proportion of patients in the
intervention group showed at least a 4-unit improvement,
which is considered the MCID. At the same time, patients
in the intervention group also significantly increased their
mean daily step counts.?® Yet, the association of physical
activity and HRQL is still up for discussion. It also remains
equally uncertain, whether a CAT score reduction of 2 units
already reliably meets the MCID.3¢37

Most affected patients in GOLD Group D of the combined
COPD assessment achieved an improvement in quality of
life of almost 3 units, and the increase in the TLA score also
surpassed that of the total group, while exercise duration per
day in Group D was only about 1 minute shorter. That implies
that domiciliary training with telemonitoring might be useful
therapy, particularly for severely afflicted patients.

Strengths and limitations

The study was accomplished in a very close approach to
clinical practice. The major strength of this study is the imple-
mentation of an easy-to-handle procedure. Nearly all patients
should be able to accomplish training at home with a simple
exercise ergometer, which can be used regardless of weather
conditions or details of their home environments. Referring to
the GSM surveillance, there is no need for special education.
Motivational phone calls are only occasionally performed
and only a small amount of time is required.

Yet, the limitations of this study need attention as well.
First, we chose a case-crossover design with the absence of a
control group. The reason for that was to reduce the number
of patients to be recruited. But, this resulted in potential
bias: patients who started with the intervention achieved a
higher daily training time in the intervention as well as in the
control phase compared to the phases of patients who were
first randomized to the control phase (Figure 3).

Furthermore, we did not record the number of eligible
patients approached by the resident doctors to participate

in the study. Therefore, this study is not applicable to
determine the percentage of COPD patients to be motivated
to enhance their daily physical activity by means of such an
intervention program. But, the aim of the study was rather
that of a pilot study to prove feasibility. Before a wide-
spread implementation, more studies with a considerably
larger number of patients and over longer periods of time
are required.

Conclusion

Home exercise cycle training is able to improve regular
physical activity and HRQOL in patients with COPD in a
stable phase of their disease. Therefore, simple telemonitor-
ing with supporting phone calls if required, seems efficient
to trigger a necessary change in behavior, at least over a
period of 6 months.
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