
Northumbria Research Link

Citation: Vasilopoulou, Maroula, Papaioannou, Andriana I., Kaltsakas, Georgios, Louvaris,
Zafeiris,  Chynkiamis,  Nikolaos,  Spetsioti,  Stavroula,  Kortianou,  Eleni,  Genimata,  Sofia
Antiopi,  Palamidas,  Anastasios,  Kostikas,  Konstantinos,  Koulouris,  Nikolaos  G.  and
Vogiatzis, Ioannis (2017) Home-based maintenance tele-rehabilitation reduces the risk for
acute  exacerbations  of  COPD,  hospitalisations  and  emergency  department  visits.
European Respiratory Journal, 49 (5). p. 1602129. ISSN 0903-1936 

Published by: European Respiratory Society

URL:  https://doi.org/10.1183/13993003.02129-2016
<https://doi.org/10.1183/13993003.02129-2016>

This  version  was  downloaded  from  Northumbria  Research  Link:
http://nrl.northumbria.ac.uk/id/eprint/30980/

Northumbria University has developed Northumbria Research Link (NRL) to enable users
to access the University’s research output. Copyright © and moral rights for items on
NRL are retained by the individual author(s) and/or other copyright owners.  Single copies
of full items can be reproduced, displayed or performed, and given to third parties in any
format or medium for personal research or study, educational, or not-for-profit purposes
without  prior  permission  or  charge,  provided  the  authors,  title  and  full  bibliographic
details are given, as well as a hyperlink and/or URL to the original metadata page. The
content must not be changed in any way. Full items must not be sold commercially in any
format or medium without formal permission of the copyright holder.  The full policy is
available online: http://nrl.northumbria.ac.uk/policies.html

This document may differ from the final, published version of the research and has been
made available online in accordance with publisher policies. To read and/or cite from the
published version of  the research,  please visit  the publisher’s website (a subscription
may be required.)

                        

http://nrl.northumbria.ac.uk/policies.html


1 
 

Home-based maintenance tele-rehabilitation reduces the risk for AECOPD, 1 
hospitalizations and emergency department visits  2 

 3 

 4 

Maroula Vasilopoulou,
1,2 

Andriana I. Papaioannou,
3 

Georgios Kaltsakas,
2 

Zafeiris 5 

Louvaris,
2 

Nikolaos Chynkiamis,
1,2 

Stavroula Spetsioti,
2 

Eleni Kortianou,
2 

Sofia 6 

Antiopi Genimata,
2 

Anastasios Palamidas,
2 

Konstantinos Kostikas,
4 

Nikolaos G. 7 

Koulouris,
2 

Ioannis Vogiatzis.
1,2,5

 8 

 9 

1
Faculty of Physical Education and Sport Sciences, National and Kapodistrian 10 

University of Athens, Greece; 11 

2
First Department of Respiratory Medicine, National and Kapodistrian University of 12 

Athens, Sotiria General Chest Hospital, Athens, Greece; 13 

3
Third Respiratory Medicine Department, Sismanogleion General Hospital, Athens, 14 

Greece; 15 

4

Second Department of Respiratory Medicine, National and Kapodistrian University 16 

of Athens, Attikon General Hospital, Athens, Greece 17 

5 

Faculty of Health and Life Sciences, Department of Sport, Exercise and 18 

Rehabilitation, Northumbria University Newcastle, Newcastle Upon Tyne, UK 19 

 20 

 21 

Correspondence  22 

Professor Ioannis Vogiatzis, Faculty of Health and Life Sciences, Department of 23 

Sport, Exercise and Rehabilitation, Northumbria University Newcastle, Newcastle 24 

Upon Tyne, UK. Email address: ioannis.vogiatzis@northumbria.ac.uk 25 



2 
 

Key words: COPD, tele-rehabilitation, acute exacerbations, pulmonary rehabilitation, 26 

functional capacity, physical activity and quality of life. 27 

 28 

Summary of findings: Home-based tele-rehabilitation reduces the risk for AECOPD 29 

and constitutes an effective alternative strategy to hospital-based, outpatient,  30 

rehabilitation. 31 

 32 

This work (TELECARE: 11SYN_10_1438) was co-financed by Greece (General 33 

Secretariat for Research and Technology) and the European Union via the National 34 

Strategic Reference Framework (NSRF 2007-2013; Competitiveness and 35 

Entrepreneurship) and was registered at the clinical trials.gov online database: ID: 36 

NCT02618746. 37 

 38 

An account of this work entitled ‘Effectiveness of home tele-rehabilitation on 39 

functional capacity and daily physical activity in COPD patients’, (ERJ Sep 2015, 46 40 

suppl. 59) was presented at the 25th International Congress of the ERS (Amsterdam, 41 

Netherlands, 26-30 September 2015) and was awarded “Best Abstract” by the Clinical 42 

Assembly.  43 
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Abstract 51 

Pulmonary rehabilitation (PR) remains grossly underutilized by suitable 52 

patients worldwide. We investigated whether home-based maintenance tele-53 

rehabilitation will be as effective as hospital-based maintenance rehabilitation and 54 

superior to usual care in reducing the risk for acute COPD exacerbations (AECOPD), 55 

hospitalizations and emergency department (ED) visits.  56 

Following completion of an initial 2-month PR program this prospective, 57 

randomized controlled trial (between 12/2013 and 07/2015) compared 12-months of 58 

home-based maintenance tele-rehabilitation (n=47) to 12-months of hospital-based, 59 

outpatient, maintenance rehabilitation (n=50) and also to 12-months of usual care 60 

treatment (n=50) without initial PR. 61 

In a multivariate analysis during the 12-month follow-up, both home-based 62 

tele-rehabilitation and hospital-based PR remained independent predictors of a lower 63 

risk for: i) AECOPD [incidence rate ratio (IRR) 0.517 (95% CI:0.389-0.687) and IRR 64 

0.635 (95% CI:0.473-0.853)], respectively, and ii) hospitalizations for AECOPD [IRR 65 

0.189 (95% CI:0.100-0.358) and IRR 0.375 (95% CI:0.207-0.681)], respectively. 66 

However, only home-based maintenance tele-rehabilitation and not hospital-based, 67 

outpatient, maintenance PR was an independent predictor of ED visits [IRR 0.116 68 

(95% CI: 0.072-0.185). 69 

Home-based maintenance tele-rehabilitation is equally effective to hospital-70 

based, outpatient, maintenance PR, in reducing the risk for AECOPD and 71 

hospitalizations. In addition, it encounters a lower risk for ED visits, thereby 72 

constituting a potentially effective alternative strategy to hospital-based, outpatient, 73 

maintenance PR (Clinical Trials.Gov. ID: NCT02618746). 74 

 75 
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Introduction 76 

The benefits of pulmonary rehabilitation (PR) in terms of improvement in 77 

functional capacity, limb muscle function, chronic dyspnea and emotional function 78 

are well documented [1]. However, these benefits are often lost over the subsequent 79 

12 months without the implementation of a maintenance strategy [1, 2]. Few 80 

investigations have explored maintenance strategies to sustain the benefits of PR over 81 

the longer term; these results remain equivocal in regard to the duration that 82 

functional capacity and quality of life are preserved [3-6].  The effect of these long-83 

term strategies to reduce the risk for acute exacerbations of COPD (AECOPD), 84 

hospitalizations, and emergency department visits (ED) also remains inconclusive [3, 85 

4, 6, 7]. A recent meta-analysis of ten randomized controlled trials (including both 86 

short- and long-term PR maintenance strategies) [7] demonstrated that PR, when 87 

compared to usual care, is associated with lower overall rates of hospitalizations 88 

attributable to AECOPD.  89 

Despite the well documented benefits of PR [1], long-term access and 90 

utilization of PR by eligible COPD patients remains low due to insufficient funding, 91 

resources, reimbursement and other patient-related barriers limiting long-term access 92 

to PR [8]. Accordingly, alternative approaches (such as tele-rehabilitation) to extend 93 

the initial benefits of PR for a longer term, were recently recommended by the 94 

Official ATS/ERS Policy Statement [8]. 95 

Tele-rehabilitation involves the use of information and communication 96 

technologies to provide rehabilitation services remotely to people in their homes [9]. 97 

In contrast to traditional centre-based programs, undertaking PR within the home 98 

environment might promote more effective, longer term integration of exercise 99 

routines into daily life [10]. Whilst there is still little evidence of the benefits of tele-100 
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rehabilitation [1], initial small-scale studies, most of which uncontrolled, demonstrate 101 

some feasibility.  These data suggest that clinical benefits such as compliance, patient 102 

empowerment to physical training, improved health status and quality of life might be 103 

achieved [10-14]. Although these look promising, these interventions had numerous 104 

limitations such as a short duration intervention (2-6 months), high dropout rates (up 105 

to 45%), small patient numbers (n≤10) or poor adherence to different components of 106 

tele-rehabilitation [10-13, 15-17]. 107 

Consequently, more evidence is needed to ascertain the effectiveness of home-108 

based maintenance tele-rehabilitation in reducing the risk for AECOPD, 109 

hospitalizations and ED visits, whilst maintaining the functional benefits of primary 110 

PR. In the present prospective study we hypothesized that regular home monitoring of 111 

vital signs, in combination with tele-consultation sessions encouraging patient 112 

adherence to physical training regimes, would be as effective as hospital-based, 113 

outpatient, maintenance rehabilitation and superior to usual care in reducing the risk 114 

for AECOPD, hospitalizations and ED visits over a 12-month period. 115 

 116 

 117 

 118 

Methods and Materials 119 

Study design 120 

As shown in Figure 1, 150 COPD patients were randomized into three groups 121 

using a set of computer-generated random numbers to either home-based maintenance 122 

tele-rehabilitation (group A, n=50), hospital-based, outpatient, maintenance 123 

rehabilitation (group B, n=50) or usual care treatment (group C, n=50), (Clinical 124 

Trials. Gov. ID: NCT02618746). During the period spanning from December 2013 to 125 
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July 2015, patients in groups A and B initially completed a multidisciplinary intense 126 

hospital-based, outpatient, PR program lasting for 2 months (see online supplement 127 

[18]) that was followed by a 12-month maintenance rehabilitation program at home 128 

(Group A) or at Hospital (Group B). Patients in group C followed the usual care 129 

treatment throughout the 14 month period, without participation to either the 2-month 130 

primary or the 12-month maintenance programs (Figure 1). In Greece only few 131 

University Medical Departments deliver PR. Hence, the majority of COPD patients 132 

follow usual care only, which is associated with high costs for treating AECOPD. The 133 

present study was designed to investigate the value of delivering and maintaining the 134 

benefits of initial PR in comparison to usual care. Thus, in order to balance the 135 

observation period between the three groups, we performed all measurements in 136 

group C at the same time points as in the other two groups (i.e. months 0, 2 and 14). 137 

Study subjects 138 

One hundred and fifty (150) clinically stable patients that regularly attending the 139 

Outpatient Clinic (1st Department of Respiratory Medicine at Athens University 140 

Medical School based at Sotiria General Chest Hospital) were recruited. Patients 141 

(n=150) were included in the study if they were older than 40 years; with a diagnosis 142 

of COPD (post-bronchodilation FEV1/FVC<0.7) with moderate to very severe airflow 143 

obstruction (post-bronchodilator FEV1 <80% pred.); with optimal medical treatment 144 

according to GOLD [19] without regular use of systemic corticosteroids; and a history 145 

of AECOPD one year prior to entering the study. Patients were excluded from the 146 

study based on the diagnosis of orthopedic, neurological and other conditions that 147 

significantly impair exercise tolerance, or respiratory disorders other than COPD. 148 

Patients were also excluded on grounds of cognitive impairment and/or difficulties to 149 

managing electronic devices that precluded interactions with the tablet, as judged by 150 
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the investigator. More details on the exclusion criteria are provided in the online 151 

supplement. The majority of patients were referred to the PR program because of 152 

persistent respiratory symptoms, but also following hospitalization for AECOPD (4 153 

patients in Group A and 6 patients in Group B). These patients were included in the 154 

study at least 8 weeks after the hospitalization [19]. None of these patients had 155 

previously participated in a PR program. The Scientific Board of Clinical Studies at 156 

Sotiria Hospital approved the study protocol (approval number: 22964). 157 

Description of interventions 158 

Home-based maintenance tele-rehabilitation program (Group A) 159 

The home-based maintenance tele-rehabilitation program consisted of 144 160 

sessions performed over 12 months. The program included the following components: 161 

a) individualized action plan; b) physical exercise sessions to remote monitoring; c) 162 

access to the call center 5 days/week - 10 hrs/day; d) psychological support; and e) 163 

dietary and self-management advice via scheduled weekly contacts with a 164 

physiotherapist, an exercise scientist, a dietician and a physician through telephone or 165 

a video conference. During the course of the 2-month initial PR program, patients 166 

were trained to appropriately use the multimodal apparatus (MIR Spirodoc, 167 

Spirodoc®, Spiro+Oxi, Roma, Italy), that was subsequently used to make 168 

measurements at home. Training enabled the patients to take their own spirometry and 169 

vital sign measurements using a wireless apparatus fitted with Bluetooth technology. 170 

Patients were also taught to successfully transfer the data to a tablet placed in their 171 

home (Lenovo Smart Tab II7, Bratislava, Slovakia) and transmit the data from the 172 

tablet to a secured web-based platform via a mobile communications network. The 173 

home-based exercise program was comprised of arm and leg exercises, as well as 174 

walking drills. Exercises were individually tailored to address each patient’s specific 175 

http://www.google.gr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwii8ebNjf_LAhVFiiwKHVz_DvAQFggrMAI&url=http%3A%2F%2Fwww.spirometry.com%2FFRA%2FProducts%2Fspirodoc.asp&usg=AFQjCNHU48hQNM0sRLbG70ketgC4kwjgfQ&sig2=kAJz9gscOmSJ7fpHoemkiQ
http://www.google.gr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwii8ebNjf_LAhVFiiwKHVz_DvAQFggrMAI&url=http%3A%2F%2Fwww.spirometry.com%2FFRA%2FProducts%2Fspirodoc.asp&usg=AFQjCNHU48hQNM0sRLbG70ketgC4kwjgfQ&sig2=kAJz9gscOmSJ7fpHoemkiQ
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requirements and adapted as required by an exercise scientist. A video demonstration 176 

of the home exercises was installed on to the tablet to provide patients with a resource 177 

to correctly execute the exercises. Exercise vital sign data (heart rate and oxygen 178 

saturation) along with ratings relating to the symptoms of dyspnea and leg discomfort, 179 

were recorded by patients immediately after completion of the home exercise 180 

program.  These data were transmitted to the web-based platform on three specific 181 

days every week for 12 months. The remainder of the data, namely daily steps 182 

captured by a pedometer, spirometry, oximetry and responses to questionnaires 183 

(HRQoL, CAT, HADS, mMRC) were recorded and transmitted twice weekly for 12 184 

months. Patients were asked to complete the HADS questionnaire once every month. 185 

Data were transmitted from the tablet to a secure web-based server platform 186 

[(TELECARE (version 2.2.13): Linkcare Health Services SL, Barcelona, Spain; 187 

incorporated and adapted by Singularlogic Integrator S.A., Athens, Greece)] [20]. 188 

Data were stored on the web-based platform and reviewed regularly (three to four 189 

times per week) by the different health care professionals (see online supplement for 190 

further details). 191 

Hospital-based, outpatient, maintenance rehabilitation program (Group B) 192 

Patients assigned to the hospital-based PR program visited the hospital twice 193 

weekly for 12 months in order to participate to a multidisciplinary maintenance 194 

rehabilitation program including exercise training, physiotherapy, dietary and 195 

psychological advice [18] (see online supplement). The hospital-based maintenance 196 

rehabilitation program consisted of 96 sessions performed over 12 months. 197 

Usual care  198 

Usual care, included optimal pharmacotherapy oxygen therapy in the presence 199 

of respiratory failure, vaccination for S. pneumoniae, annual vaccination for 200 
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influenza, and regular follow up by a respiratory physician according to the guidelines 201 

[19]. Furthermore, patients were trained on the early recognition of an AECOPD in 202 

order to be able to seek for timely medical care.  203 

Study Procedures 204 

For groups A and B outcome assessment was conducted at baseline, 205 

immediately after completion of the primary 2-month PR program and 12 months 206 

later. For group C outcomes were assessed at the respective time points as groups A 207 

and B (Figure 1). The primary end point was the rate of moderate to severe AECOPD, 208 

hospitalizations due to AECOPD and ED visits, which were compared among the 3 209 

groups over a period of 12 months following completion of the primary 2-month 210 

period. Additional analyses included the rate of severe exacerbations 211 

(hospitalizations) and the rate of ED visits due to AECOPD that did not require 212 

hospital admission. Decision for hospital admission was based on the judgment of the 213 

consultant physicians in accordance with the criteria suggested in the GOLD 214 

document [19], including the marked increase in symptom intensity (e.g. sudden 215 

development of resting dyspnea), severe underlying COPD, onset of new physical 216 

signs (e.g. cyanosis, peripheral edema), failure of an exacerbation to respond to initial 217 

medical management, presence of serious comorbidities (e.g. heart failure or new 218 

arrhythmias), frequent exacerbations, older age, and insufficient home support [19]. In 219 

regards to the ED visits, they were based on the patients’ judgment and the 220 

availability of care at the timing of the worsening of the symptoms. Secondary end 221 

points included i) functional capacity, ii) daily physical activity and iii) health-related 222 

quality of life outcomes. 223 

 224 

 225 
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Definitions of AECOPD 226 

AECOPD were defined according to the GOLD definition [19] as acute events 227 

characterized by a worsening of the patient’s respiratory symptoms that is beyond 228 

normal day-to-day variations and leaded to a change in medication. Moderate to 229 

severe AECOPD were events where patients received antibiotics, systemic 230 

corticosteroids or both. Hospitalizations (severe exacerbations) and emergency 231 

department visits (ED) due to AECOPD were also assessed. A respiratory physician 232 

with expertise in COPD (acted as case manager) was able to recognize symptom 233 

deterioration using the study web-based platform and communicated with the patients 234 

assigned to the home-based maintenance tele-rehabilitation group when needed. 235 

Patients in the other two groups (hospital-based, outpatient, maintenance and usual 236 

care) received training to be able to recognize the onset of an AECOPD and contact 237 

the study chest physicians in case of symptom deterioration. Monthly telephone 238 

contacts with the patients in all groups ensured that no AECOPD event was missing. 239 

In case patients needed hospital admission the study medical case manager was able 240 

to contact the patients’ physicians and get all information needed for the patient and 241 

the type of AECOPD. Drug prescription could be found in the electronic prescription 242 

system used by the Greek medical registration system.  243 

Outcome measures 244 

Lung function and functional capacity assessment 245 

Post-bronchodilation dynamic spirometry, diffusing capacity of the lung and 246 

evaluation of static lung volumes (see online supplement) [21] were assessed. 247 

Incremental exercise tests were performed on an electronic ergometer bicycle with 248 

breath-by-breath gas exchange measurements and cardiac output recordings, using 249 
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impedance cardiography, to the limit of tolerance (see online supplement). Functional 250 

capacity was assessed by the 6MWT [22].  251 

Daily physical activity 252 

Daily physical activity measurements were performed by using a validated for 253 

COPD patients activity monitor (Actigraph GT3X, Actilife, Pensacola, FL) [23, 24] 254 

(see online supplement). 255 

Health Related Quality of life (HRQoL) and respiratory symptoms  256 

HRQoL and respiratory symptoms were evaluated by the following 257 

questionnaires [1, 19]: a) St. George's Hospital Respiratory Questionnaire (SGRQ), b) 258 

COPD assessment questionnaire (CAT) and c) modified Medical Research Council 259 

dyspnea scale (mMRC). 260 

Analysis of adherence rates (compliance) 261 

Adherence to the home-based maintenance tele-rehabilitation and hospital-262 

based, outpatient, maintenance programs were assessed by the adherence rate (actual 263 

number of sessions/total expected number of session*100). Adherence to 264 

measurements of vital signs, home exercises, responses to questionnaires and daily 265 

steps were recorded by the number of registrations entered divided by the number of 266 

those recommended, for each participant (see online supplement for more details). 267 

Sample size calculations 268 

The calculation of sample size was based on ANOVA repeated measurements 269 

between the three groups. The minimum detectable difference in the number of 270 

hospitalizations for AECOPD was used for the power calculation, which was obtained 271 

from a previous study [25]. This previous work evaluated the effect of a PR program 272 

on the frequency of hospitalization during 1 year after completion of the initial PR 273 

program compared with 1 year before PR. An effect size of 0.42, based on a mean 274 
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difference (1.37) and SD (3.26) of AECOPD/year [25], estimated a sample size of 116 275 

patients was required to achieve a power of 0.90 using an alpha significance level of 276 

0.05 (2-sided). To compensate for a potential dropout rate of 20%, a total sample size 277 

of 138 patients (46 patients in each group) was determined to be sufficient. Sample 278 

size calculation was performed by GPower 3.1.7 software. During the 2-month 279 

primary PR program, 3 patients from group A were discontinued from the study due 280 

to transport barriers. 281 

Statistical Analysis 282 

The Shapiro-Wilk test revealed that all data were normally distributed. One-283 

way ANOVA was utilized to detect differences among the 3 groups at baseline for all 284 

variables. Group differences were investigated by two-way ANOVA with repeated 285 

measurements at different time points, namely baseline, 2 months and 14 months after 286 

patient enrolment to the study. Where necessary, significance differences were 287 

followed up with pair-wise Tukey’s post-hoc analyses. Time to first AECOPD, 288 

hospitalization for AECOPD and ED visit for each group were evaluated by Kaplan-289 

Meier survival curves and log-rank tests. Poisson regression univariate and 290 

multivariate analyses were performed in order to evaluate the influence of the 291 

participation in hospital-based, outpatient, PR or home-based tele-rehabilitation 292 

programs, AECOPD, hospitalizations for AECOPD and visits to emergency 293 

department (ED) in the 1-year of follow-up. Results are presented as hazard ratios 294 

(HR) with 95% confidence intervals (CI). Poisson regression univariate and 295 

multivariate analyses were additionally performed in order to account for variability 296 

in exacerbation rates between patients. Skewed data were logarithmically transformed 297 

for regression analyses. P-values <0.05 were considered statistically significant. Data 298 

were analyzed using SPSS 22.0 for Windows (SPSS Inc., Chicago, IL, USA). 299 
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Results 300 

AECOPD, hospitalizations and ED visits 301 

Patients’ demographic and clinical characteristics at baseline are shown in 302 

Table 1. Both the home-based maintenance tele-rehabilitation group and the hospital-303 

based group showed a lower rate p<0.001 of AECOPD and hospitalizations for 304 

AECOPD in the 12 months of follow-up compared to the usual care group 305 

[(mean±SD) 1.7±1.7 vs 1.8±1.4 vs 3.5±1.8; respectively]. Similarly, the rates of 306 

hospitalizations for AECOPD were lower in the home-based tele-rehabilitation group 307 

and the hospital-based group compared to usual care (0.3±0.7, 0.3±0.6 vs 1.2±1.7, 308 

respectively, p<0.001). Finally, the home-based tele-rehabilitation group showed 309 

lower rate of ED visits in the 12 months of follow-up compared to both the hospital-310 

based group and the usual care group (0.5±0.9 vs 1.8±1.5 vs 3.5±1.8, respectively, 311 

p<0.001). 312 

Kaplan-Meier survival curves evaluating the time to next AECOPD and 313 

hospitalizations for AECOPD in the 12 months of follow-up are presented in Figure 2. 314 

In the univariate Poisson regression analysis, significant predictors of AECOPD were 315 

smoking status, FEV1 (% predicted), number of AECOPD in the preceding year and 316 

PR (either home-based maintenance tele-rehabilitation or hospital-based, outpatient, 317 

maintenance rehabilitation; Table 2). Accordingly, significant predictors of 318 

hospitalizations for AECOPD were gender, FEV1 (% predicted), number of AECOPD 319 

in the preceding year, and PR (either hospital-based, outpatient, maintenance PR or 320 

home-based maintenance tele-rehabilitation; Table 2). In multivariate analysis, PR 321 

(both home-based tele-rehabilitation and hospital-based, outpatient rehabilitation) 322 

remained an independent predictor of a lower risk for AECOPD in the 12-month 323 

follow up [incidence rate ratio (IRR) 0.517 (95%CI 0.389-0.687), p<0.001] and [IRR 324 
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0.635 (95%CI 0.473-0.853), p=0.003] for the home-based maintenance tele-325 

rehabilitation and hospital-based, outpatient, maintenance PR groups, respectively. In 326 

addition, PR (both home-based maintenance tele-rehabilitation and hospital-based 327 

maintenance rehabilitation) remained an independent predictor of a lower risk for 328 

hospitalizations for AECOPD [IRR 0.189 (95%CI 0.100-0.358), p<0.001] and [IRR 329 

0.375 (95%CI 0.207-0.681), p=0.001] for home-based maintenance tele-rehabilitation 330 

and hospital-based maintenance PR, respectively. However, only home-based 331 

maintenance tele-rehabilitation and not hospital-based maintenance PR was an 332 

independent predictor of visits in the ED [IRR 0.116 (95% CI 0.072-0.185), p<0.001; 333 

Table 2). 334 

Functional capacity  335 

Home-based maintenance tele-rehabilitation was equally effective to hospital-336 

based, outpatient, maintenance PR in preserving for 12 months the initial statistical 337 

and/or clinically meaningful improvements in peak work rate (p=0.011) and the 338 

distance covered during the 6MWT, respectively and were superior to usual care 339 

(Table 3). The magnitude of improvement induced by the primary 2-month PR 340 

program in the aforementioned variables was not different between groups A and B. 341 

Following the initial PR program the fraction of patients who improved beyond the 342 

MCID (>25 m) the 6MWT was for Group A: 53%, Group B: 60% and Group C: 4%. 343 

HRQoL, respiratory symptoms and chronic dyspnea 344 

Home-based maintenance tele-rehabilitation was equally effective to hospital-345 

based, outpatient, maintenance rehabilitation in preserving the initial clinically 346 

meaningful improvement in SGRQ, CAT and mMRC scores over a period of 12-347 

months and was superior to usual care exhibiting deterioration in the questionnaire 348 

scores over the same period (Table 4). The magnitude of improvement induced by the 349 
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primary 2-month PR program in the aforementioned parameters was not different 350 

between the two rehabilitation groups.  351 

Daily physical activity 352 

Home-based maintenance tele-rehabilitation was equally effective to hospital-353 

based maintenance, outpatient, PR in preserving the initial improvement in time spent 354 

in sedentary, light, lifestyle and moderate daily physical activities over the 12-month 355 

period, and was superior to usual care exhibiting an increase in time spent in 356 

sedentary, and decrease in lifestyle, and moderate daily activities over 12 months 357 

follow up (Figure 3: on line supplement). 358 

Adherence/Compliance 359 

The overall compliance to the different components of the home-based 360 

maintenance tele-rehabilitation intervention (Figure 4: online supplement) over 12-361 

months follow up was 93.5%.  362 

 363 

Discussion 364 

The main finding of the study was that home-based maintenance tele-365 

rehabilitation via monitoring of vital signs was as effective as hospital-based, 366 

outpatient, maintenance PR and superior to usual care in terms of reducing the risk for 367 

AECOPD and hospitalizations, whilst preserving the functional and HRQoL benefits 368 

of a primary PR program over a period of 12 months. Moreover, only home-based 369 

maintenance tele-rehabilitation and not hospital-based, outpatient, maintenance PR 370 

was an independent predictor of reduced risk for ED visits. 371 

Recently an international task force commissioned by the ATS and ERS 372 

delivered policy recommendations to improve access and delivery of PR services to 373 

suitable patients [8]. It was recognized that although traditional models of outpatient 374 



16 
 

PR are suitable for many patients, several barriers prevent the vast majority of eligible 375 

patients to access or adhere to these programs, particularly in regions or healthcare 376 

systems where traditional models of PR are not feasible [8]. It was, thus, 377 

recommended that research should focus on the effectiveness of alternative models of 378 

PR such as tele-rehabilitation [26].  379 

In the present study we have included a population of high-risk patients with a 380 

history of exacerbations as the majority of them experienced ED visits and 381 

hospitalizations during the study, in accordance with previous observations in similar 382 

populations in Greece [47]. Our findings on the reduction of the risk for AECOPD for 383 

both home-based maintenance tele-rehabilitation and hospital-based maintenance 384 

strategies are consistent with previous RCT studies [27, 28] employing comparable 385 

protocols of initially intense PR programs followed by home maintenance sessions. In 386 

addition, our results on the reduction of risk for hospitalizations for AECOPD concur 387 

with those [27-29] applying long-term follow-up maintenance strategies. Importantly, 388 

our findings on the reduction of the overall rate of hospitalizations for AECOPD per 389 

person/year at risk for the home-based maintenance tele-rehabilitation group [by 0.19 390 

(0.10-0.35)] as well as for the hospital-based, outpatient, maintenance program [by 391 

0.38 (0.21-0.68)], compare favorably with the overall rate recently reported form the 392 

meta-analysis of 10 RCT studies [by 0.62 (0.33-1.16)] [7]. Furthermore, the 393 

effectiveness of home tele-rehabilitation in reducing the risk for ED visits provides 394 

evidence that early patient and physician recognition of AECOPD followed by prompt 395 

treatment initiation prevent COPD-related health worsening [27-30]. The home-based 396 

tele-rehabilitation group had the advantage of spirometry and physical signs 397 

monitoring that may have further supported the early recognition of AECOPD. 398 

Indeed, a more prompt recognition of symptom and/or lung function deterioration 399 
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may have resulted in the prompt intervention for medical care and decreased the need 400 

for an ED visit. 401 

The economic burden of COPD increases with increasing disease severity, 402 

whilst it is substantially augmented by exacerbations and hospitalizations. A study 403 

conducted in Greece has estimated that the mean cost per severe COPD exacerbation 404 

is €1711; range: €1357 to €2614, depending on the severity [31]. These findings 405 

highlight the importance of reducing the frequency of AECOPD and hospitalizations. 406 

This is particularly important in light of findings indicating that a significant 407 

proportion of COPD patients in Greece experience two or more AECOPD/year and 408 

that the majority of these exacerbations are moderate or severe, frequently leading to 409 

hospitalizations [32]. Collectively, these findings emphasize the importance of 410 

decreasing the number of AECOPD per patient/year, in order to alleviate the disease 411 

burden as well as the economic cost of the disease. In regards to cost savings for 412 

delivering the present home-based maintenance tele-rehabilitation program over a 413 

period of 12 months, the calculated total cost per patient including equipment, 414 

development of the ICT platform, use of 3G network, and cost for personnel was 415 

approximately €1800. This figure is equivalent to approximately 60% of the total 416 

estimated cost (€2908) spared by reducing the frequency of AECOPD (by 1.7 417 

AECOPD per patient/year x €1711= €2908) [31]. In addition, this figure is 418 

approximately 40% of the estimated cost for one year of hospital-based maintenance 419 

rehabilitation sessions including twice-weekly outpatient respiratory department 420 

visits.  421 

Remote monitoring of vital signs allows clinicians to monitor a patient 422 

remotely with reference to physiological signs, respiratory symptoms and activity 423 

levels using a wide range of technological devices [10, 33-36]. In this study, we have 424 
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implemented patient tele-consultation based on vital sign data (recorded by patients 425 

using portable devices) transmitted to an ICT web based platform via patients’ tablets. 426 

In addition, patients were provided with feedback to maintain progress in respect to 427 

executing home exercise drills and enhancing daily activity levels. Accordingly, we 428 

have described a novel home-based maintenance tele-rehabilitation approach to 429 

reduce the risk for AECOPD and hospitalizations for AECOPD to a similar extent of 430 

a hospital-based maintenance rehabilitation program. 431 

The home-based maintenance tele-rehabilitation program was not by any 432 

means inferior to the supervised hospital-based, outpatient, maintenance PR program 433 

in preserving true physiological training effects, respiratory symptoms, daily activity 434 

levels and aspects of quality of life over a period of 12 months. Previous studies have 435 

also reported positive effects of hospital-based maintenance PR programs on exercise 436 

capacity and quality of life [6]. However, insufficient funding, resources, and 437 

reimbursement limit the implementation of such hospital-based programs worldwide 438 

[8]. To the best of our knowledge, this is the first study to show that home-based 439 

rehabilitation with the use of ICT is effective in preserving the long-term 440 

physiological training effects initially acquired by a comprehensive hospital-based PR 441 

program. Nevertheless, future studies by healthcare professionals are required to 442 

inform and disseminate information on the costs, clinical- and cost-effectiveness of 443 

maintenance rehabilitation programs to payers [8]. Patients assigned to the usual care 444 

group not undertaking the initial 2-month outpatient PR program and subsequently the 445 

12-month maintenance program experienced significant deterioration in functional 446 

capacity and quality of life, further highlighting the beneficial effects of PR 447 

maintenance strategies [27-29].  448 
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The finding that home-based maintenance tele-rehabilitation preserved the 449 

initial physiological benefits deserves further analysis to justify these findings. 450 

Potential factors may include [36]: i) excellent patient adherence to regular vital sign 451 

recordings (Figure 4), ii) very good compliance to home exercise drills, iii) patient 452 

empowerment in the promotion of high levels of daily physical activity, iv) regular 453 

feedback on patient’s progress through motivation messages to tablets or via 454 

telephone contacts and v) adherence to sufficient exercise training loads and self-455 

management techniques. Indeed, regular investigators-patient communications 456 

facilitated their empowerment in the promotion of increased levels of physical activity 457 

and raised their awareness to comply with the measurement and physical activity 458 

requirements of the protocol. 459 

Incomplete implementation of the aforementioned factors as well as 460 

inadequate sample size power [37-39] most likely explains why previously 461 

implemented tele-rehabilitation studies did not demonstrate such long-term benefits 462 

[38, 40, 41]. Combining self-management techniques, regular exercise training and 463 

contact with the PR personnel has likely contributed to reinforce behavioral changes 464 

towards a more active lifestyle [42]. Our findings support this notion since the 465 

combination of home physical training, physical activity consultation and 466 

personalized feedback on weekly physical activity levels decreased the time spent in 467 

sedentary activities and improved the time spent in light and moderate lifestyle 468 

activities [43]. Given that low levels of daily physical activity is a independent risk 469 

factor for AECOPD [42], it is plausible that maintenance of enhanced daily physical 470 

activity over a period of 12 months could have contributed to the reported reduced 471 

risk for AECOPD.  This is an important outcome since earlier studies including a 472 

recent systematic review with meta-analyses [15-17] highlight the finding that tele-473 
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healthcare interventions have minimal impact on patients’ physically active time.  474 

Our findings are in tandem with those of Hoaas et al. who showed that 475 

following completion of an initial (4-week) supervised PR program, improvements in 476 

6MWT and quality of life were preserved for one year when a home tele-477 

rehabilitation program was implemented [13]. These outcomes are justified by the 478 

high adherence rate for vital sign measurements and training sessions. Indeed, our 479 

multimodal home-based tele-rehabilitation and tele-consultation program, in contrast 480 

to other studies [36, 44], resulted in very good adherence without dropouts over a 481 

period of 12 months.  482 

Study limitations 483 

Our study design was not blinded, and as such the investigators were aware of 484 

the allocation of patients into the different maintenance rehabilitation groups. 485 

Importantly, patients were given general information about their participation in the 486 

study and details on the interventions related only to their intervention arm. Moreover, 487 

the choice of objective endpoints that were related to healthcare resource use 488 

(moderate or severe AECOPD, hospitalizations and ED visits) minimizes to the best 489 

possible extent potential biases.  490 

Another potential limitation of the study is that the usual care group (C) of our 491 

study did not participate in a PR program.  PR in Greece is delivered only by few 492 

University Medical Departments. Hence, the majority of COPD patients follow usual 493 

care only, which unfortunately does not include access to PR. This is due to the lack 494 

of specialized rehabilitation centers and trained personnel. This is why our study was 495 

designed to represent the reality in the local community and provide evidence to 496 

health authorities of the major advantages of PR, in order to allocate an infrastructure 497 

(personnel and resources) to establish PR programs in the community or at home 498 
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across the nation.  Lack of access for the usual care group to the initial 2-month PR 499 

program may therefore constitute a limitation as one could argue that maintenance of 500 

benefits might be, at least in part, related to the conduction of initial PR, which 501 

brought benefits to only those patients who undertook PR. However, it is well 502 

documented that benefits of PR are often lost over a period of 12 months without 503 

implementation of a maintenance strategy [1-6]. Hence, an important aspect of our 504 

study was to identify the best maintenance strategy to preserve the initial benefits of 505 

PR for an extended period. 506 

The hospital-based, outpatient, maintenance program was conducted at the 507 

hospital’s gymnasium using specialized equipment (e.g. stationary bicycles and 508 

weight lifting apparatus), whilst the home-based exercise program was comprised by 509 

arm and leg exercises, as well as walking drills without use of any specialized 510 

equipment. This is the reason why we offered three weekly sessions at home (as 511 

opposed to two sessions during the outpatient hospital-based maintenance program) in 512 

an attempt to ensure adequate weekly physical exercise in this group. This difference 513 

in the total number of maintenance sessions between the two maintenance strategies 514 

over the 12-month follow up period could have potentially introduced bias. 515 

Nevertheless, our finding that the home-based maintenance tele-rehabilitation 516 

program was equally effective to the hospital-based, outpatient, maintenance PR in 517 

preserving for 12 months the initial statistical and/or clinically meaningful 518 

improvements in peak work rate and the 6MWT, respectively suggest that the applied 519 

overall training load was well matched between the hospital-based and the home-520 

based groups.  521 

The incidence of AECOPD is often related to multiple factors, including 522 

appropriate care by the attending physicians, adherence to treatment [45, 46], and co-523 
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morbidities that include anxiety and depression [47] and cardiovascular comorbidities 524 

[48]. However, we have attempted to delimit the impact of such confounding factors 525 

during the study, as all patients were prescribed optimal treatment for COPD and co-526 

existent conditions, received appropriate training on the use of inhaled medication and 527 

were optimally followed-up by respiratory physicians.  528 

Clinical implications 529 

Application of home-based maintenance tele-rehabilitation programs may lead 530 

to significant reductions of healthcare resource use for patients with COPD compared 531 

to usual care, with potential benefits on patients’ outcomes and quality of life. 532 

Conclusions 533 

Home-based maintenance tele-rehabilitation is equally effective to hospital-534 

based, outpatient, maintenance PR, in reducing the risk for AECOPD and 535 

hospitalizations and encounters a lower risk for ED visits, thereby potentially 536 

constituting an effective alternative strategy to hospital-based, outpatient, 537 

maintenance rehabilitation. 538 

 539 

Acknowledgments 540 

We are grateful to the collaborators (www.telecare.net.gr) who provided 541 

technological assistance for the development of the “TELECARE” Medical platform 542 

(Mr. JM. Sanchez and Mr. Jim Roldan from Linkcare Health Services SL and Mrs. O. 543 

Kocsis, Mr. A. Tsopanoglou, Mr. S. Pantenopoulos, from Singularlogic S.A.), as well 544 

as the healthcare personnel in charge of provision of dietary advice (Mrs. A. 545 

Thomopoulou), psychological support (Ms. C. Feridou) and physical conditioning 546 

(Ms. E. Plataniti).  547 

 548 

http://www.telecare.net.gr/


23 
 

Table 1. Patients’ demographic and clinical characteristics at baseline 549 

 Group A Group B Group C 

 (n=47) (n=50) (n=50) 

Men/women, n/n 44/3 38/12 37/13 

Age, years 66.9±9.6 66.7±7.3 64.0±8.0 

FEV1, L 1.55±0.80 1.41±0.48 1.42±0.66 

FEV1, % pred 49.6±21.9 51.8±17.3 51.7±21.0 

FVC, L 3.07±0.90 2.70±0.65 2.77±0.81 

FVC, %pred 80.7±20.2 78.4±18.4 80.0±20.3 

FEV1/FVC, % 47.0±14.1 49.0±12.7 51.9±12.4 

VC, %pred 83.6±20.6 85.5±14.6 82.6±21.9 

IC, %pred 81.7±33.0 77.3±30.0 76.9±31.0 

TLC, %pred 118.8±30.3 120.7±25.7 119.9±28.8 

FRC, %pred 158.5±60.5 154.5±43.0 154.4±56.6 

RV, %pred 184.6±80.6 180.2±59.9 182.0±70.9 

DLCO, %pred 53.5±19.9 57.0±20.4 55.9±28.4 

SpΟ2,% 93.0±3.0 94.0±2.9 94.0±3.0 

6MWT, m 389.1±91.3 385.1±80.3 384.8±80.2 

Body mass 

index, kg/m2 28.0±5.3 27.5±5.0 26.4±5.0 

BODE index 3.5±2.7 3.2±2.1 3.3±2.3 

mMRC 2.3±1.0 2.5±1.0 2.2±1.1 

Oxygen therapy 

(LTOT) 13 9 15 

Smoking status 

(cur. vs ex.) 7/40 4/46 3/47 

Drug therapy    

LAMA 36 37 35 

LABA 22 26 24 

ICS 32 37 41 

Comorbidities    

≥1 comorbidity    

Cardiovascular 14 15 13 

Number of 

AECOPD 3.3±1.3 3.4±1.4 3.3±1.6 

    
 550 

Values are mean±SD. Abbreviations: FEV1: forced expiratory volume in 1 s; FVC: forced 551 

vital capacity; FEV1/FVC: forced expiratory volume (FEV1)/forced vital capacity (FVC); 552 

VC(%predicted): vital capacity; IC(%predicted): inspiratory capacity; TLC(%predicted): total 553 

lung capacity; FRC(%predicted): residual capacity; RV(%predicted): reserve volume; 554 

DL,CO(%predicted): diffusion capacity; SpO2(%): oxygen saturation; 6MWT: six minute walk 555 

test. mMRC: modified Medical Research Council dyspnea scale; LAMA: Long-Acting 556 
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Muscarinic Agonists; LABA: Long-Acting Beta-Agonists; ICS: inhaled corticosteroids.  557 

Group A: home-based maintenance tele-rehabilitation; Group B: hospital-based, outpatient, 558 

maintenance rehabilitation and Group C: usual care. 559 

 560 

 561 

 562 

 563 

 564 

 565 

 566 

 567 

 568 

 569 

 570 

 571 

 572 

 573 

 574 

 575 

 576 

 577 

 578 

 579 

 580 

 581 

 582 
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Table 2.Predictors of AECOPD, hospitalizations and ED visits 583 

 Univariate analysis Multivariate analysis 

 IRR 95% CI p-value IRR 95% CI p-value 

AECOPD        

Age  1.001 0.987-1.014 0.069    

Gender (female) 1.225 0.942-1.595 0.131    

Smoking status (ex-smoker) 1.727 1.170-2.550 0.006 1.045 0.694-1.573 0.833 

FEV1 (%pred) 0.985 0.979-9.991 <0.001 0.992 0.986-0.999 0.016 

n AECOPD/preceding year 1.164 1.125-1.203 <0.001 1.148 1.098-1.201 <0.001 

Group A 0.562 0.429-0.737 <0.001 0.517 0.389-0.687 <0.001 

Group B 0.498 0.375-0.660 <0.001 0.635 0.473-0.853 0.003 

Group C (indicator)       

Hospitalizations for 

AECOPD  

      

Age  1.002 0.975-1.030 0.877    

Gender (female) 0.497 0.248-0.997 0.049 0.475 0.208-0.871 0.019 

Smoking status (ex-smoker) 1.523 0.732-3.170 0.261    

FEV1 (%pred) 0.979 0.960-0.986 <0.001 0.981 0.967-0.995 0.008 

n AECOPD/preceding year 1.171 1.096-1.251 <0.001 1.160 1.051-1.280 0.003 

Group A 0.268 0.149-0.482 <0.001 0.189 0.100-0.358 <0.001 

Group B 0.292 0.165-0.518 <0.001 0.375 0.207-0.681 0.001 

Group C (indicator)       

ED visits for AECOPD        

Age  0.990 0.975-1.005 0.191    

Gender (female) 1.536 1.162-2.031 0.003 1.051 0.772-1.431 0.752 

Smoking status (ex-smoker) 1.964 1.242-3.105 0.004 0.815 0.504-1.318 0.404 

FEV1 (%pred) 0.987 0.980-0.994 <0.001 0.992 0.984-0.994 0.027 

n AECOPD/preceding year 1.156 1.113-1.201 <0.001 1.244 1.175-1.316 <0.001 

Group A 0.151 0.099-0.232 <0.001 0.116 0.072-0.185 <0.001 

Group B 0.501 0.380-0.661 <0.001 0.750 0.555-1.015 0.062 

Group C (indicator)       

 584 

Abbreviations: AECOPD: Acute exacerbation of COPD; ED: Emergency Department; FEV1: 585 

forced expiratory volume in 1 s; n: Number. Group A: home-based maintenance tele-586 

rehabilitation; Group B: hospital-based, outpatient, maintenance pulmonary rehabilitation and 587 

Group C: usual care. 588 

 589 

 590 

 591 

 592 

 593 
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Table 3.Changes in functional capacity 594 

 
Baseline 2-months 14-months  

 

WRpeak (Watt) 

Group A 63±33 74±35* 76±35* 

Group B 67±25 79±32* 79±31* 

Group C 65±24 63±27 58±24* 

6MWT (m)    

Group A 389.1±91.3 422.1±70.5† 420.2±74.9† 

Group B 385.1±80.3 423.0±70.5† 427.5±63.0† 

Group C 384.8±80.2 382.4±80.3 339.9±110.1† 

 595 
Values are mean±SD. Abbreviations: WRpeak: peak work rate; 6MWT: the distance 596 

covered during the six minute walking test. Asterisks indicate statistically significant 597 

differences from baseline. Crosses indicate clinically meaningful differences from 598 

baseline. Group A: home-based maintenance tele-rehabilitation; Group B: hospital-based, 599 

outpatient, maintenance rehabilitation and Group C: usual care. 600 

 601 

Table 4. Changes in HRQoL, respiratory symptoms and chronic dyspnea 602 

 
Baseline 2-months 14-months  

 

SGRQ 

Group A 46.2±19.7 42.2±19.2† 38.4±20.5† 

Group B 43.5±16.7 35.4±15.7† 33.6±16.5† 

Group C 44.1±16.6 44.7±16.9   50.2±17.7† 

CAT    

Group A 17.6±8.1 12.9±7.5† 13.0±7.3† 

Group B 15.7±5.6 13.2±5.8† 11.8±5.6† 

Group C 15.8±4.9 16.1±6.2   20.9±6.7† 

mMRC    

Group A 2.3±1.0 1.8±0.9† 1.6±1.0† 

Group B 2.5±1.0 1.5±0.9† 1.3±0.9† 

Group C 2.2±1.1 2.5±1.0   3.1±0.8† 

 603 
Values are mean±SD. Abbreviations: SGRQ: Saint George Respiratory 604 

Questionnaire; CAT: COPD Assessment Test; mMRC: modified Medical Research 605 

Council. Crosses indicate clinically meaningful differences from baseline. Group A: 606 

home-based maintenance tele-rehabilitation; Group B: hospital-based, outpatient, 607 

maintenance rehabilitation and Group C: usual care. 608 
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Figure legends 609 

Figure 1. Patient flow chart providing information in regards to the study protocol. 610 

 611 

Figure 2. Percentage (%) of patients with AECOPD (Figure 2A) hospitalizations 612 

(Figure 2B) and emergency department visits (Figure 2C) during the 12 months 613 

follow up. Group A: home-based maintenance tele-rehabilitation, Group B: hospital-614 

based, outpatient, rehabilitation and Group C: usual care treatment. Note that AECOPD 615 

refers to all kind of AECOPD regardless of the place where they were treated (home, 616 

hospital or ED). 617 

 618 

Figure 3. Changes in daily physical activity levels defined by the time spend in 619 

sedentary (A), light (B), lifestyle (C) and moderate (D) activities. Values are 620 

mean±SD. Asterisks indicate statistically significant differences from baseline for the 621 

home-based maintenance tele-rehabilitation (dark grey bars) and hospital-based, 622 

outpatient,  rehabilitation (light grey bars) groups. Two asterisks indicate statistically 623 

significant differences from the 2-month time point for the usual care group (white 624 

bars). 625 

 626 

Figure 4. Patient’s compliance to the different components of monitoring and home-627 

based maintenance tele-rehabilitation maintenance program over a 12-month period 628 

(Group A, n=47). 629 

 630 

 631 

 632 

 633 



28 
 

 634 

 635 

 636 

References 637 

1. Spruit MA, Singh SJ, Garvey C, ZuWallack R, Nici L, Rochester C, Hill K, Holland AE, 638 
Lareau SC, Man WD, Pitta F, Sewell L, Raskin J, Bourbeau J, Crouch R, Franssen FM, 639 
Casaburi R, Vercoulen JH, Vogiatzis I, Gosselink R, Clini EM, Effing TW, Maltais F, van der 640 
Palen J, Troosters T, Janssen DJ, Collins E, Garcia-Aymerich J, Brooks D, Fahy BF, Puhan MA, 641 
Hoogendoorn M, Garrod R, Schols AM, Carlin B, Benzo R, Meek P, Morgan M, Rutten-van 642 
Molken MP, Ries AL, Make B, Goldstein RS, Dowson CA, Brozek JL, Donner CF, Wouters EF. 643 
An official American Thoracic Society/European Respiratory Society statement: key 644 
concepts and advances in pulmonary rehabilitation. American journal of respiratory and 645 
critical care medicine 2013: 188(8): e13-64. 646 
2. Spruit MA, Singh SJ. Maintenance programs after pulmonary rehabilitation: how 647 
may we advance this field? Chest 2013: 144(4): 1091-1093. 648 
3. Beauchamp MK, Evans R, Janaudis-Ferreira T, Goldstein RS, Brooks D. Systematic 649 
review of supervised exercise programs after pulmonary rehabilitation in individuals with 650 
COPD. Chest 2013: 144(4): 1124-1133. 651 
4. Foglio K, Bianchi L, Ambrosino N. Is it really useful to repeat outpatient pulmonary 652 
rehabilitation programs in patients with chronic airway obstruction? A 2-year controlled 653 
study. Chest 2001: 119(6): 1696-1704. 654 
5. Holland AE, Mahal A, Hill CJ, Lee AL, Burge AT, Cox NS, Moore R, Nicolson C, 655 
O'Halloran P, Lahham A, Gillies R, McDonald CF. Home-based rehabilitation for COPD using 656 
minimal resources: a randomised, controlled equivalence trial. Thorax 2017: 72(1): 57-65. 657 
6. Maltais F, Bourbeau J, Shapiro S, Lacasse Y, Perrault H, Baltzan M, Hernandez P, 658 
Rouleau M, Julien M, Parenteau S, Paradis B, Levy RD, Camp P, Lecours R, Audet R, Hutton 659 
B, Penrod JR, Picard D, Bernard S. Effects of home-based pulmonary rehabilitation in 660 
patients with chronic obstructive pulmonary disease: a randomized trial. Annals of internal 661 
medicine 2008: 149(12): 869-878. 662 
7. Moore E, Palmer T, Newson R, Majeed A, Quint JK, Soljak MA. Pulmonary 663 
Rehabilitation as a Mechanism to Reduce Hospitalizations for Acute Exacerbations of 664 
COPD: A Systematic Review and Meta-Analysis. Chest 2016: 150(4): 837-859. 665 
8. Rochester CL, Vogiatzis I, Holland AE, Lareau SC, Marciniuk DD, Puhan MA, Spruit 666 
MA, Masefield S, Casaburi R, Clini EM, Crouch R, Garcia-Aymerich J, Garvey C, Goldstein 667 
RS, Hill K, Morgan M, Nici L, Pitta F, Ries AL, Singh SJ, Troosters T, Wijkstra PJ, Yawn BP, 668 
ZuWallack RL. An Official American Thoracic Society/European Respiratory Society Policy 669 
Statement: Enhancing Implementation, Use, and Delivery of Pulmonary Rehabilitation. 670 
American journal of respiratory and critical care medicine 2015: 192(11): 1373-1386. 671 
9. Brennan D, Tindall L, Theodoros D, Brown J, Campbell M, Christiana D, Smith D, 672 
Cason J, Lee A. A blueprint for telerehabilitation guidelines. International journal of 673 
telerehabilitation 2010: 2(2): 31-34. 674 
10. Holland AE, Hill CJ, Rochford P, Fiore J, Berlowitz DJ, McDonald CF. 675 
Telerehabilitation for people with chronic obstructive pulmonary disease: feasibility of a 676 
simple, real time model of supervised exercise training. Journal of telemedicine and 677 
telecare 2013: 19(4): 222-226. 678 
11. Goldstein RS, O'Hoski S. Telemedicine in COPD: time to pause. Chest 2014: 145(5): 679 
945-949. 680 



29 
 

12. Stickland M, Jourdain T, Wong EY, Rodgers WM, Jendzjowsky NG, Macdonald GF. 681 
Using Telehealth technology to deliver pulmonary rehabilitation in chronic obstructive 682 
pulmonary disease patients. Canadian respiratory journal : journal of the Canadian 683 
Thoracic Society 2011: 18(4): 216-220. 684 
13. Hoaas H, Andreassen HK, Lien LA, Hjalmarsen A, Zanaboni P. Adherence and 685 
factors affecting satisfaction in long-term telerehabilitation for patients with chronic 686 
obstructive pulmonary disease: a mixed methods study. BMC medical informatics and 687 
decision making 2016: 16(1): 26. 688 
14. Zanaboni P, Hoaas H, Aaroen Lien L, Hjalmarsen A, Wootton R. Long-term exercise 689 
maintenance in COPD via telerehabilitation: a two-year pilot study. Journal of telemedicine 690 
and telecare 2016. 691 
15. Lundell S, Holmner A, Rehn B, Nyberg A, Wadell K. Telehealthcare in COPD: A 692 
systematic review and meta-analysis on physical outcomes and dyspnea. Respiratory 693 
medicine 2015: 109(1): 11-26. 694 
16. Tabak M, Brusse-Keizer M, van der Valk P, Hermens H, Vollenbroek-Hutten M. A 695 
telehealth program for self-management of COPD exacerbations and promotion of an 696 
active lifestyle: a pilot randomized controlled trial. International journal of chronic 697 
obstructive pulmonary disease 2014: 9: 935-944. 698 
17. Marquis N, Larivee P, Dubois MF, Tousignant M. Are improvements maintained 699 
after in-home pulmonary telerehabilitation for patients with chronic obstructive 700 
pulmonary disease? International journal of telerehabilitation 2015: 6(2): 21-30. 701 
18. Vogiatzis I, Terzis G, Nanas S, Stratakos G, Simoes DC, Georgiadou O, Zakynthinos 702 
S, Roussos C. Skeletal muscle adaptations to interval training in patients with advanced 703 
COPD. Chest 2005: 128(6): 3838-3845. 704 
19. GOLD. Global Strategy for Diagnosis, Management, and Prevention of COPD. 2014. 705 
20. Kocsis O, Vasilopoulou M, Tsopanoglou A, Papaioannou A, Vogiatzis I. 706 
Telemonitoring system for home rehabilitation of patients with COPD.  The 5th IEEE 707 
International Conference on E-Health and Bioengineering - EHB 2015, Iaşi, Romania, 2015. 708 
21. ATS. Standardization of Spirometry, 1994 Update. American Thoracic Society. 709 
American journal of respiratory and critical care medicine 1995: 152(3): 1107-1136. 710 
22. ATS. ATS statement: guidelines for the six-minute walk test. American journal of 711 
respiratory and critical care medicine 2002: 166(1): 111-117. 712 
23. Rabinovich RA, Louvaris Z, Raste Y, Langer D, Van Remoortel H, Giavedoni S, Burtin 713 
C, Regueiro EM, Vogiatzis I, Hopkinson NS, Polkey MI, Wilson FJ, Macnee W, Westerterp 714 
KR, Troosters T. Validity of physical activity monitors during daily life in patients with 715 
COPD. The European respiratory journal 2013: 42(5): 1205-1215. 716 
24. Van Remoortel H, Raste Y, Louvaris Z, Giavedoni S, Burtin C, Langer D, Wilson F, 717 
Rabinovich R, Vogiatzis I, Hopkinson NS, Troosters T. Validity of six activity monitors in 718 
chronic obstructive pulmonary disease: a comparison with indirect calorimetry. PloS one 719 
2012: 7(6): e39198. 720 
25. van Ranst D, Stoop WA, Meijer JW, Otten HJ, van de Port IG. Reduction of 721 
exacerbation frequency in patients with COPD after participation in a comprehensive 722 
pulmonary rehabilitation program. International journal of chronic obstructive pulmonary 723 
disease 2014: 9: 1059-1067. 724 
26. Vogiatzis I, Rochester CL, Spruit MA, Troosters T, Clini EM. A Policy Statement to 725 
bridge the gap between the science and delivery of Pulmonary Rehabilitation. The 726 
European respiratory journal 2016: in press. 727 
27. Guell R, Casan P, Belda J, Sangenis M, Morante F, Guyatt GH, Sanchis J. Long-term 728 
effects of outpatient rehabilitation of COPD: A randomized trial. Chest 2000: 117(4): 976-729 
983. 730 



30 
 

28. Rubi M, Renom F, Ramis F, Medinas M, Centeno MJ, Gorriz M, Crespi E, Martin B, 731 
Soriano JB. Effectiveness of pulmonary rehabilitation in reducing health resources use in 732 
chronic obstructive pulmonary disease. Archives of physical medicine and rehabilitation 733 
2010: 91(3): 364-368. 734 
29. Behnke M, Jorres RA, Kirsten D, Magnussen H. Clinical benefits of a combined 735 
hospital and home-based exercise programme over 18 months in patients with severe 736 
COPD. Monaldi archives for chest disease = Archivio Monaldi per le malattie del torace / 737 
Fondazione clinica del lavoro, IRCCS [and] Istituto di clinica tisiologica e malattie apparato 738 
respiratorio, Universita di Napoli, Secondo ateneo 2003: 59(1): 44-51. 739 
30. Achelrod D, Schreyogg J, Stargardt T. Health-economic evaluation of home 740 
telemonitoring for COPD in Germany: evidence from a large population-based cohort. The 741 
European journal of health economics : HEPAC : health economics in prevention and care 742 
2016. 743 
31. Geitona M, Hatzikou M, Steiropoulos P, Alexopoulos EC, Bouros D. The cost of 744 
COPD exacerbations: a university hospital--based study in Greece. Respiratory medicine 745 
2011: 105(3): 402-409. 746 
32. Stafyla E, Kerenidi T, Gourgoulianis KI. Chronic obstructive pulmonary disease 747 
exacerbation frequency and severity. International journal of chronic obstructive 748 
pulmonary disease 2013: 8: 533-535. 749 
33. Barberan-Garcia A, Vogiatzis I, Solberg HS, Vilaro J, Rodriguez DA, Garasen HM, 750 
Troosters T, Garcia-Aymerich J, Roca J. Effects and barriers to deployment of telehealth 751 
wellness programs for chronic patients across 3 European countries. Respiratory medicine 752 
2014: 108(4): 628-637. 753 
34. Lundell S, Holmner A, Rehn B, Nyberg A, Wadell K. Telehealthcare in COPD: A 754 
systematic review and meta-analysis on physical outcomes and dyspnea. Respiratory 755 
medicine 2014. 756 
35. Paneroni M, Colombo F, Papalia A, Colitta A, Borghi G, Saleri M, Cabiaglia A, 757 
Azzalini E, Vitacca M. Is Telerehabilitation a Safe and Viable Option for Patients with 758 
COPD? A Feasibility Study. Copd 2014. 759 
36. Cruz J, Brooks D, Marques A. Home telemonitoring in COPD: a systematic review of 760 
methodologies and patients' adherence. International journal of medical informatics 2014: 761 
83(4): 249-263. 762 
37. Bourbeau J, Julien M, Maltais F, Rouleau M, Beaupre A, Begin R, Renzi P, Nault D, 763 
Borycki E, Schwartzman K, Singh R, Collet JP. Reduction of hospital utilization in patients 764 
with chronic obstructive pulmonary disease: a disease-specific self-management 765 
intervention. Archives of internal medicine 2003: 163(5): 585-591. 766 
38. Nguyen HQ, Gill DP, Wolpin S, Steele BG, Benditt JO. Pilot study of a cell phone-767 
based exercise persistence intervention post-rehabilitation for COPD. International journal 768 
of chronic obstructive pulmonary disease 2009: 4: 301-313. 769 
39. Waterhouse JC, Walters SJ, Oluboyede Y, Lawson RA. A randomised 2 x 2 trial of 770 
community versus hospital pulmonary rehabilitation, followed by telephone or 771 
conventional follow-up. Health technology assessment (Winchester, England) 2010: 14(6): 772 
i-v, vii-xi, 1-140. 773 
40. Antoniades NC, Rochford PD, Pretto JJ, Pierce RJ, Gogler J, Steinkrug J, Sharpe K, 774 
McDonald CF. Pilot study of remote telemonitoring in COPD. Telemedicine journal and e-775 
health : the official journal of the American Telemedicine Association 2012: 18(8): 634-640. 776 
41. Lewis KE, Annandale JA, Warm DL, Hurlin C, Lewis MJ, Lewis L. Home 777 
telemonitoring and quality of life in stable, optimised chronic obstructive pulmonary 778 
disease. Journal of telemedicine and telecare 2010: 16(5): 253-259. 779 



31 
 

42. Troosters T, van der Molen T, Polkey M, Rabinovich RA, Vogiatzis I, Weisman I, 780 
Kulich K. Improving physical activity in COPD: towards a new paradigm. Respiratory 781 
research 2013: 14: 115. 782 
43. Donaire-Gonzalez D, Gimeno-Santos E, Balcells E, Rodriguez DA, Farrero E, de 783 
Batlle J, Benet M, Ferrer A, Barbera JA, Gea J, Rodriguez-Roisin R, Anto JM, Garcia-784 
Aymerich J. Physical activity in COPD patients: patterns and bouts. The European 785 
respiratory journal 2013: 42(4): 993-1002. 786 
44. Ringbaek T, Brondum E, Martinez G, Thogersen J, Lange P. Long-term effects of 1-787 
year maintenance training on physical functioning and health status in patients with 788 
COPD: A randomized controlled study. Journal of cardiopulmonary rehabilitation and 789 
prevention 2010: 30(1): 47-52. 790 
45. Bourbeau J, Bartlett SJ. Patient adherence in COPD. Thorax 2008: 63(9): 831-838. 791 
46. Sulaiman I, Cushen B, Greene G, Seheult J, Seow D, Rawat F, MacHale E, Mokoka 792 
M, Moran CN, Sartini Bhreathnach A, MacHale P, Tappuni S, Deering B, Jackson M, 793 
McCarthy H, Mellon L, Doyle F, Boland F, Reilly RB, Costello RW. Objective Assessment of 794 
Adherence to Inhalers by COPD Patients. American journal of respiratory and critical care 795 
medicine 2016. 796 
47. Papaioannou AI, Bartziokas K, Tsikrika S, Karakontaki F, Kastanakis E, Banya W, 797 
Haniotou A, Papiris S, Loukides S, Polychronopoulos V, Kostikas K. The impact of 798 
depressive symptoms on recovery and outcome of hospitalised COPD exacerbations. The 799 
European respiratory journal 2013: 41(4): 815-823. 800 
48. Papaioannou AI, Bartziokas K, Loukides S, Tsikrika S, Karakontaki F, Haniotou A, 801 
Papiris S, Stolz D, Kostikas K. Cardiovascular comorbidities in hospitalised COPD patients: a 802 
determinant of future risk? The European respiratory journal 2015: 46(3): 846-849. 803 

 804 

 805 

 806 

 807 

 808 

 809 

 810 

 811 

 812 

 813 



32 
 

 814 

 815 

 816 


