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ABSTRACT The broad range of interventions to increase physical activity (PA) in patients with chronic
obstructive pulmonary disease (COPD) has not been systematically assessed. We aimed to perform a
systematic review of the interventional studies that have assessed PA as an outcome in patients with COPD.

A systematic search in five different databases (Medline, Embase, PsycINFO, CINAHL and Web of
Science) was performed in March 2015. Two independent reviewers analysed the studies against the
inclusion criteria (COPD defined by spirometry; prospective, randomised/nonrandomised studies, cohort
and experimental studies with interventions using PA as an outcome), extracted the data and assessed the
quality of evidence.

60 studies were included. Seven intervention groups were identified. PA counselling increased PA levels
in COPD, especially when combined with coaching. 13 studies showed positive effects of pulmonary
rehabilitation (PR) on PA, while seven studies showed no changes. All three PR programmes >12 weeks in
duration increased PA. Overall, the quality of evidence was graded as very low.

Interventions focusing specifically on increasing PA, and longer PR programmes, may have greater impacts
on PA in COPD. Well-designed clinical trials with objective assessment of PA in COPD patients are needed.
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Introduction
Assessment of physical activity (PA) in daily life as an outcome has generated growing scientific interest in
recent years, especially in chronic respiratory diseases [1, 2], due to its relationship with mortality [3]. It is
well known that preserved PA levels may delay or even prevent the appearance of chronic diseases [4, 5].
Patients with chronic obstructive pulmonary disease (COPD) are characterised by a sedentary lifestyle and
reduced PA levels [6]. This inactivity is an independent predictor of the risk of hospitalisations due to
acute exacerbations and early mortality in this population [1, 2]. Therefore, improving PA levels has been
considered a key component in the management of patients with COPD.

Pulmonary rehabilitation (PR) is the most successful intervention aimed at improving symptoms (dyspnoea,
muscle fatigue), exercise capacity, health-related quality of life, healthcare utilisation and costs in individuals
with chronic respiratory disease [7]. However, the translation of the improvements in exercise capacity into
increments in PA levels is less evident and still controversial [8, 9]. The ability to increase PA levels using
other therapeutic strategies, such as PA counselling [10, 11], nutritional supplementation [12], long-term
oxygen therapy (LTOT) [13] and bronchodilators [13, 14], has also been explored in COPD and the effects
to date are variable. These different types of interventions were cited in two recent reviews [15, 16] and
comprise the majority of the interventions able to change PA levels in patients with COPD. Therefore, we
chose to use them as part of the search strategy of the present systematic review, in order to summarise the
wide range of interventions that could increase PA in this population. Currently, it is still unclear which is
the best strategy to increase PA levels in patients with COPD.

Recent systematic literature reviews have addressed the determinants and outcomes of PA in COPD [15],
investigated the effects of PA counselling on PA and health-related outcomes in chronic disease [16], and
outlined the components of PA interventions other than PR aimed at increasing PA in patients with COPD
[17]. These well-designed and well-conducted systematic reviews have generated important scientific
knowledge. However, there has been no systematic summary of the interventions aimed at modifying PA
levels in patients with COPD. Thus, the aims of the present study were to perform a systematic review of
the interventional studies that have assessed PA as an outcome in patients with COPD.

Methods
Data sources and search strategy
This systematic review followed the handbook of the Centre for Reviews and Dissemination [18] and the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines [19] for
reporting systematic review analysis. A computerised literature search was performed in the following
databases in March 2015 (date of last update): Medline/PubMed, Embase, PsycINFO, CINAHL and Web of
Science. We performed some pre-piloted searches prior to the final search strategy, based on two recently
published systematic reviews on a related topic [15, 16]. We also performed a hand search of the studies
based on the bibliographic references of the included articles and PubMed’s “related articles” search filters.

Our search strategy included a wide range of modalities with variable levels of evidence for modifying PA
levels in COPD (e.g. exercise training, PA counselling, nutritional supplementation, LTOT and
bronchodilators) (see online supplementary material for details) [15]. Bibliographic details of all articles
from the different databases were stored in a reference managing software file (EndNote X7; Thomson
Reuters, New York, NY, USA). We used a simple symbol system in EndNote to record reviewers’ decisions
on inclusion or exclusion of each article. More details about the protocol of the present systematic review
can be found in the supplementary material.

Eligibility and exclusion criteria
Eligible studies were included if they fulfilled the following a priori defined criteria. 1) Population/
participants: patients with COPD defined by spirometry (i.e. post-bronchodilator forced expiratory volume
in 1 s (FEV1)/forced vital capacity <0.7). 2) Study design: i) prospective longitudinal studies; ii) randomised
and nonrandomised clinical trials, both arms (intervention plus control) if the outcome was PA; iii) cohort
studies; and iv) experimental or pilot studies of any type of intervention targeting PA in patients with
COPD. 3) Studies with interventions that have assessed PA as an outcome, defined as “any bodily movement
produced by skeletal muscles that results in energy expenditure” [20]. Exclusion criteria were articles in a
non-English language, review articles, notes, editorials, qualitative studies and scientific congress abstracts.

Study selection
Two independent reviewers (L.C. Mantoani and N. Rubio) screened the titles and abstracts of every citation
against the inclusion criteria. The reviewers’ decisions on including or excluding all the retrieved articles
were recorded in the EndNote file. Potentially eligible articles were highlighted and retrieved for full text
evaluation. The same independent reviewers assessed the remaining articles and made a decision on
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inclusion or exclusion based on the eligibility criteria. Any disagreements between the reviewers were
usually resolved by consensus. Persistent disagreements were resolved by a third independent reviewer (R.A.
Rabinovich). We recorded the bibliographic details of all excluded studies with the specific reasons for
excluding them from the final analysis (see supplementary material for details).

Data extraction and quality assessment
From each included study, we extracted and recorded the following information in an Excel file: authors,
journal, year of publication, study design, setting, sample size, blindness, patient characteristics (sex, age,
FEV1 and body mass index (BMI)), interventions (type, frequency, intensity and duration), PA
measurements, outcomes and results.

We used the GRADE (Grading of Recommendations Assessment, Development and Evaluation) approach
[21, 22] to assess the quality of the included studies. The GRADE system has been used by many
international organisations and is a transparent approach created to help systematic reviewers and
guideline authors to rate the quality of the evidence and the strength of recommendations [21]. The
GRADE approach assesses the overall quality of the studies and provides a score for the body of evidence
instead of a score for each study. Therefore, our judgement on the quality of the evidence across the
included studies was based on each group of studies of the different interventions to modify PA levels in
patients with COPD (i.e. exercise training category). Two reviewers (L.C. Mantoani and R.A. Rabinovich)
assessed the quality of evidence and categorised it accordingly (high, moderate, low or very low) [21, 22].
The body of the evidence for each identified intervention category started with the high quality level on
GRADE (high confidence between true and estimated effect) and was downgraded for specific reasons [21,
22]. Therefore, very low quality evidence is the lowest score for a body of evidence. This means there is
very little confidence in the estimated effect and more studies are very likely to change the estimate. More
details on how we used the GRADE system to judge the quality of included studies can be found in the
supplementary material.

Analysis and data synthesis
As expected, there was marked heterogeneity among included studies, with a wide range of both different
interventions to modify and different methods to assess PA, which precluded a meta-analysis. Findings
were summarised using harvest plots [23, 24] of the retrieved eligible studies. Although it was not possible
to statistically summarise the results of the included studies, we have calculated the average percentage
change in PA levels according to each intervention’s category. This was calculated using the percentage of
change relative to baseline levels in each measured variable (subjective or objective) of each study, then
calculating the average change (as a percentage) considering each study within every intervention category.

Results
A flow diagram of the study is shown in figure 1. In total, 2495 articles were retrieved. After removing the
duplicates from the different database searches, 2091 articles were analysed. 1946 were excluded based on the
titles and abstract screening, leaving 145 articles considered as potentially eligible for full text analysis. An
additional 22 articles were identified from among the references of these 145 articles and from the related
articles search filter in PubMed as suitable for full text assessment. After excluding 107 of these studies for
the reasons specified in figure 1, 60 articles were considered for data extraction in this systematic review.

Summary of studies
From the 60 studies included in this systematic review, 33 were randomised controlled trials (RCTs), 18
were non-RCTs and nine were experimental or pilot studies (six of them with a randomisation). Table 1
shows the reference details, study design, number of participants, type of intervention and methods for
measuring PA in each of these studies. Additional information on the patients’ characteristics, performed
interventions and methods of measuring PA for the 60 included studies is presented in table S1 of the
supplementary material. Seven types of intervention with the potential to increase PA levels in patients
with COPD were identified: PA counselling, nutritional supplementation (dietary intervention), LTOT,
bronchodilator, nocturnal noninvasive ventilation (NIV), neuromuscular electrical stimulation (NMES)
and exercise training (including PR programmes and other exercise interventions).

30 of the included studies used exercise training as the main intervention to modify PA levels (20 of them
with PR alone). 14 studies used PA counselling, four exploited the benefits of nutritional supplementation,
three used LTOT, six used bronchodilators, two used nocturnal NIV and one study used NMES as its main
intervention. Seven studies combined two different types of interventions (e.g. PR plus PA counselling).

38 studies assessed the level of daily PA with objective measurements (accelerometers, multisensors and/or
pedometers), while 27 studies measured PA levels using subjective assessments (questionnaires and/or scales).
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Four studies used both objective and subjective methods of measuring PA. More recent publications (from
2008 to date) chose more objective than subjective tools to measure daily PA levels in patients with COPD.

Overall, the quality of evidence across interventional studies to modify PA in patients with COPD was
graded as very low (table 2). Serious imprecision and inconsistency across studies, as well as risk of bias
(lack of blinding, concealment and/or randomisation process) and strongly suspected publication bias
(studies with small sample size and absence of published negative results) were the main causes to
downgrade the score for the quality of evidence. Directness was found across studies considering
population, interventions and outcomes, regardless of intervention category.

Harvest plots and intervention characteristics
PA counselling
This category included three studies in which only advice on PA (PA advice) was given and 11 studies in
which a coaching programme towards a more active life (PA coaching) was used with regular activity
monitoring and incentive (figure 2a). Two studies in each category combined the PA intervention with
exercise training. Almost half of the studies assessing the effect of PA counselling on PA levels were RCTs
and most of these studies used objective tools to assess PA levels. Most studies were of a small sample size,
included patients with moderate to very severe airflow limitation and had intervention periods of
>8 weeks. The harvest plot shows that the most common intervention was PA coaching with the use of an
activity monitor (figure 2a). The majority of the interventions (11 out of 14) increased PA levels, especially
when they included objective activity monitoring. More details about the use of harvest plots in the
present systematic review can be found in the supplementary material.

Nutritional supplementation
All the studies using nutritional supplementation were RCTs and 75% of the studies used objective tools to
assess PA levels. All studies included patients with moderate to very severe airflow limitation with low BMI
(⩽20 kg·m−2). All studies provided nutritional supplementation to the patients for a minimum period of
8 weeks. 75% of the studies showed a positive impact on the levels of daily activities after treatment (figure 2b).
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FIGURE 1 Flow diagram of the systematic review.
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TABLE 1 Reference details and study characteristics of the 60 studies included in the present systematic review

First author [ref.] Year Study design Subjects
n

Intervention type PA measurement

ALTENBURG [25] 2015 RCT 155 PA counselling Pedometer Yamax Digi-Walker SW-200
BARBERAN-GARCIA [26] 2014 Non-RCT 143 PR plus telehealth care Nonvalidated self-reported physical activity

questionnaire
BAULDOFF [27] 2002 Experimental/

RCT
24 Walking programme Pedometer 342 and daily logs

BEHNKE [28] 2005 Non-RCT 88 Walking programme Accelerometer Trictrac-R3D
BENDSTRUP [29] 1997 RCT 32 PR programme Activities of Daily Living score specific for COPD
BERRY [30] 2010 RCT 176 PR programme plus

self-management
The Community Health Activities Model Program

for Seniors
BORGES [31] 2014 RCT 29 Resistance training Accelerometer DynaPort Minimod
BREYER [32] 2010 RCT 60 Walking programme Accelerometer DynaPort Activity Monitor
CASABURI [33] 2012 RCT 22 Oxygen therapy Accelerometer RT3
CORONADO [34] 2003 Non-RCT 15 PR programme Accelerometer ADXL05
DAL NEGRO [35] 2010 RCT 32 Nutritional supplementation Accelerometer SenseWear Armband PRO3
DAL NEGRO [36] 2012 RCT 88 Nutritional supplementation Accelerometer SenseWear Armband PRO3
DALLAS [37] 2009 Non-RCT 45 PR programme Pedometer NL-200 Activity Monitor
DALY [38] 2011 Pilot/non-RCT 8 NMES Accelerometer RT3
DE BLOK [10] 2006 Pilot/RCT 21 PA counselling plus PR

programme
Pedometer Yamax Digi-Walker SW-200

DUIVERMAN [39] 2008 RCT 66 Nocturnal NIPPV plus PR
programme

Pedometer Yamax Digi-Walker SW-200

DUIVERMAN [40] 2011 RCT 56 Nocturnal NIPPV plus
physiotherapy

Groningen Activity and Restriction Scale

EFFING [41] 2011 RCT 153 PR programme plus
self-management

Pedometer Yamax Digi-Walker SW-200

EGAN [42] 2012 Non-RCT 47 PR programme Accelerometer Sense Wear Armband PRO3
ENGSTRÖM [43] 1999 RCT 50 PR plus walking programme Sickness Impact Profile
FAAGER [44] 2004 Pilot/RCT 20 PR programme Stanford Health Assessment Questionnaire
FAULKNER [45] 2010 Pilot/RCT 14 PR programme plus PA

counselling
7-day physical activity recall questionnaire

GORIS [46] 2003 RCT 20 Nutritional supplementation Accelerometer Tracmor
HATAJI [14] 2013 Pilot/non-RCT 23 Bronchodilator Accelerometer Lifecorder
HOSPES [47] 2009 RCT 35 PA counselling Pedometer Yamax Digi-Walker SW-200
KESTEN [48] 2008 RCT 46 Bronchodilator Nonvalidated activity questionnaire
KOZU [49] 2011 Non-RCT 45 PR programme Activities of Daily Living score
LARSON [50] 2014 RCT 49 Resistance training Actigraph 7164
MENDOZA [51] 2015 RCT 102 PA counselling Tanita PD724 pedometer
MERCKEN [52] 2005 Non-RCT 11 PR programme Accelerometer Physical Activity Monitor (Pam)
MOHAMMADI [53] 2013 RCT 106 Home-based rehabilitation Barthel Index
MOY [54] 2010 Non-RCT 24 PA counselling Pedometer Omron HJ-720ITC
MOY [55] 2012 Pilot/non-RCT 27 PA counselling Pedometer Omron HJ-720ITC
NGUYEN [11] 2009 Pilot/RCT 17 PA counselling Accelerometer Stepwatch 3 Activity Monitor
NIELD [56] 2005 Non-RCT 48 PR programme Human Activity Profile
NIELD [57] 2007 RCT 40 Breathing exercises Human Activity Profile
NINOT [58] 2007 Non-RCT 23 PR programme Physical Self Inventory-6
NISHIJIMA [59] 2015 Non-RCT 18 Bronchodilator Lifecorder Ex 4-second version
PITTA [8] 2008 Non-RCT 29 PR programme Accelerometer DynaPort Activity Monitor
PLEGUEZUELOS [60] 2013 RCT 125 PA counselling Diary card
POMIDORI [61] 2012 RCT 36 Walking programme Accelerometer SenseWear Armband PRO3
PROBST [62] 2011 RCT 40 PR programme Accelerometer DynaPort Activity Monitor and

SenseWear Armband PRO3
RIES [63] 1995 RCT 119 PR programme Adapted form of the self-efficacy questionnaire
SANDLAND [64] 2008 RCT 20 Oxygen therapy Accelerometer Gaehwiler Z80–32k V1
SEWELL [65] 2005 RCT 180 PR programme Accelerometer Gaehwiler Z80–32k V1 and

Canadian Occupational Performance Measure
SEWELL [66] 2010 RCT 95 PR programme Accelerometer Gaehwiler Z80–32k V1
SHIOYA [67] 2008 RCT 17 Bronchodilator London Chest Activities of Daily Living Scale
SKUMLIEN [68] 2008 Non-RCT 40 PR programme Hyrim Physical Activity Questionnaire and

Glittre ADL-test
STEELE [69] 2003 Non-RCT 38 PR programme Accelerometer Tritrac R3D

Continued
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LTOT
All of the studies assessing the benefits of LTOT on PA levels in patients with COPD were RCTs. Two of the
three included studies used accelerometers to measure PA levels. Patients were characterised by moderate to
very severe airflow limitation, with low resting room air arterial oxygen saturation measured by pulse
oximetry (<90%), and had been receiving LTOT at home over a period of ⩾8 weeks. The delivery of LTOT
was diverse and included the use of ambulatory lightweight oxygen cylinders and oxygen concentrators. The
use of ambulatory LTOT improved PA levels in COPD in only one out of the three studies (figure 2b).

Bronchodilators
Most of the studies of bronchodilators were RCTs including patients with moderate to very severe airflow
limitation. Tiotropium and indacaterol were the most used bronchodilators and were compared to placebo
or another bronchodilator. 67% of the studies measured PA levels with an objective tool and four out of the
six studies delivered the interventions every day for ⩾12 weeks. As shown in the harvest plot (figure 2b),
four out of the six bronchodilator studies resulted in increased PA levels in patients with COPD.

TABLE 1 Continued

First author [ref.] Year Study design Subjects
n

Intervention type PA measurement

STEELE [70] 2008 RCT 102 Walking programme plus PA
counselling

Accelerometer RT3 and Walking Self-Efficacy
Questionnaire

TABAK [71] 2013 Pilot study/RCT 30 PA counselling Pedometer Yamax Digi-Walker SW-200
TAKIGAWA [72] 2007 Non-RCT 225 PR programme Nonvalidated scale
TROOSTERS [73] 2014 RCT 457 Bronchodilator Accelerometer SenseWear Armband PRO3
VARGA [74] 2007 Non-RCT 71 Home-based/continuous/

interval exercise training
Nonvalidated scale

VERGERET [75] 1989 RCT 159 Oxygen therapy Nonvalidated questionnaire
WALKER [76] 2008 Non-RCT 23 PR programme Accelerometer Actiwatch and Dynaport Activity

Monitor and Nottingham Extended Activities of
Daily Living scale

WATZ [77] 2014 RCT 83 Bronchodilator Accelerometer SenseWear Armband
WEEKES [12] 2009 RCT 59 Nutritional supplementation Townsend score
WEWEL [78] 2008 Non-RCT 21 PA counselling Pedometer Kasper & Richter GmbH & Co. and

accelerometer ActiTrac-Monitor
YOHANNES [79] 2003 RCT 110 Walking programme plus

oxygen therapy
The Barthel ADL index

PA: physical activity; RCT: randomised controlled trial; PR: pulmonary rehabilitation; COPD: chronic obstructive pulmonary disease; NMES:
neuromuscular electrical stimulation; NIPPV: noninvasive positive pressure ventilation. Additional information on the patients’ characteristics,
performed interventions and methods of measuring PA is presented in supplementary table S1.

TABLE 2 Quality of evidence for interventions used to modify physical activity levels in patients with chronic obstructive
pulmonary disease

Intervention [ref.] Studies
n

Quality assessment Quality

Risk of bias Inconsistency Indirectness Imprecision Publication bias

Physical activity counselling [10, 11,
25, 47, 51, 54, 55, 60, 70, 71, 78]

11 Serious Serious Not serious Serious Strongly suspected Very low

Nutritional supplementation [12, 35, 36, 46] 4 Serious Serious Not serious Serious Strongly suspected Very low
Long-term oxygen therapy [33, 64] 2 Not serious Serious Not serious Serious Strongly suspected Very low
Bronchodilator [14, 48, 59, 67, 73, 77] 6 Not serious Serious Not serious Serious Strongly suspected Very low
Nocturnal NIV [39] 1 Serious Not serious Not serious Serious Strongly suspected Very low
NMES [38] 1 Serious Not serious Not serious Serious Strongly suspected Very low
Pulmonary rehabilitation [8, 10, 29, 34, 37,
39, 42, 44, 49, 52, 56, 58, 62, 63, 65, 66,
69, 72, 74, 76]

20 Serious Serious Not serious Serious Unsuspected Very low

Other exercise training [30, 32, 41, 43, 50,
53, 57, 61, 62, 74, 79]

11 Serious Serious Not serious Serious Unsuspected Very low

NIV: noninvasive ventilation; NMES: neuromuscular electrical stimulation.
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Nocturnal NIV
Two studies assessed the impact of nocturnal NIV on PA levels in COPD patients. Both studies were RCTs
and utilised exercise training in addition to the nocturnal NIV. One study assessed PA levels subjectively.
Hypercapnic patients with severe and very severe airflow limitation were included in both studies. NIV was
supplied via full face mask or nasal mask interface using a bilevel ventilator. Inspiratory and expiratory
pressure with a spontaneous/timed mode with a backup frequency was applied. Interventions varied from 3
to 24 months’ duration. All studies of nocturnal NIV in addition to exercise training increased PA levels of
hypercapnic patients with COPD (figure 2b).

NMES
The only study performed in this area was a small pilot study, including eight patients with moderate to severe
airflow obstruction. PA was measured with an accelerometer. NMES was applied on the quadriceps femoris of
both legs through an electrical stimulation (impulses of tetanic frequency up to 19 Hz) for sessions of 1 h,
5 days per week over 8 weeks. NMES did not change daily activity levels of patients with COPD (figure 2b).

PR and other exercise interventions
PR alone
One third of the 60 included studies (n=20) used PR as the main intervention. 65% of the studies were
non-RCTs and 11 of the 20 studies assessed PA levels with objective measurements. Most of the studies
included patients with moderate to severe airflow limitation and involved high-intensity continuous exercise
training (initial workload ⩾60% of exercise capacity) at least twice a week over a minimum period of
7 weeks. The prescription of training intensity was based on perceived effort scales (Borg scale), heart rate
and exercise capacity (work rate or maximal oxygen consumption). 13 studies showed a positive effect on
PA levels in patients with COPD, while seven studies showed no change. Interestingly, all the three studies
that involved >12 weeks of PR programme showed a positive impact on PA levels of patients with COPD
(figure 2c), while in programmes with ⩽12 weeks of training, only 10 out of 17 studies increased PA.
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Other exercise interventions
12 studies used a wide range of exercise training including walking programmes, home training and
self-management programmes (figure 2c). The majority of the interventions were based on walking
exercise training, with a frequency of at least three times per week over a minimum period of 6 weeks. The
intensity of the prescribed training was based on perceived dyspnoea (moderate to somewhat hard on the
Borg scale), percentage of initial maximal heart rate or percentage of maximal distance/speed achieved in
walking tests. Half of these studies showed no changes in PA levels in patients with COPD. This strategy
was the intervention most commonly utilised in hospitalised patients.

PR combined with other exercise interventions
Eight studies combined PR programmes with other interventions. Five of these studies increased PA levels
in patients with COPD (figure 2c).

Effects of different interventions on daily activity levels
Figure 3 summarises the percentage change relative to baseline in PA levels according to the seven
identified categories of interventions. Overall, subjective methods showed higher percentage changes in PA
in comparison to objective measurements within the same intervention category. PA counselling and
bronchodilators produced similar improvements in PA levels after treatments (19% and 21%, respectively).
NMES and LTOT produced 9% and 6% increase in daily activity levels in patients with COPD,
respectively. Nutritional supplementation for undernourished patients and nocturnal NIV combined with
exercise training in hypercapnic patients had the biggest impact on PA levels, increasing 53% and 48%
respectively after treatment. Exercise training programmes (PR and other exercise programmes) increased
daily activity levels by ∼12%. Unsurprisingly, usual care did not increase PA levels in patients with COPD
(average decrease of 4% after treatment).

Discussion
This systematic review provides information for researchers and clinicians by identifying and summarising
the broad range of interventions to modify PA levels in patients with COPD. Unfortunately, it was not
possible to perform a formal meta-analysis of the outcomes due to heterogeneity of the data. Additionally,
the quality of the evidence remains very low, mainly because of serious imprecision and inconsistency
across studies, as well as risk of bias.
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FIGURE 3 Percentage change in physical activity (PA) levels according to different intervention categories. The
size of each square represents the number of studies within each category: the bigger the square, the higher
the number of studies represented. Diet: dietary/nutritional intervention; LTOT: long-term oxygen therapy;
NIV: noninvasive ventilation; NMES: neuromuscular electrical stimulation; PR: pulmonary rehabilitation; other
exercise: other exercise programmes.
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Interventions able to modify PA levels in patients with COPD
PA in COPD patients is limited by symptoms (i.e. dyspnoea, fatigue) but also by psychosocial/behavioural
factors [80]. PA coaching is a common strategy to stimulate patients towards higher levels of daily
activities by modifying their behaviour. Usually, these interventions [11, 25, 26, 47, 51, 54, 55, 71, 78]
utilise some elements of the self-regulatory theory [81]. Using accurate assessment and feedback of PA
levels, individualised PA goals and/or tailored motivational messages, patients are able to learn from
successes and failures to develop an effective behavioural strategy to achieve their goal. Interestingly, PA
coaching (with activity monitoring, e.g. use of a pedometer) is a very successful intervention for increasing
daily activity levels of patients with COPD (figure 2a). This type of intervention is very promising and
should be explored in bigger trials. Unfortunately, most of the studies in this category had a small sample
size (figure 2a) [11, 47, 54, 55, 71, 78]. Other types of PA counselling interventions, such as PA advice
alone [60] or in combination with exercise training [30, 45] or coaching [70], should also be further
explored. To date, the results from the few available studies are still controversial and do not support a
solid clinical decision [30, 45, 60, 70].

Four out of six bronchodilator studies have shown improvements in daily activity levels in patients with
COPD [14, 48, 67, 77] (figure 2b). However, when considering studies using objective tools to assess PA
levels, only half of the studies showed a positive impact [14, 77], while the other half showed no changes
in PA [59, 73]. Rigorously conducted adequately powered RCTs with bronchodilators as the main
intervention aiming at increasing PA levels, with objective measurement of daily activity, are required to
clarify the role of bronchodilators in improving PA.

Although nutritional supplementation [12, 35, 36] and nocturnal NIV [39, 40] can increase PA levels of
patients with COPD, the applicability of these approaches is limited to very specific subgroups of patients.
Nocturnal NIV can increase PA levels in patients with hypercapnia when combined with exercise training
[39, 40]. Unfortunately, no study has explored the effect of nocturnal NIV alone. Likewise, dietary
interventions produced increases in PA levels in patients with COPD with low BMI (⩽20 kg·m−2) [12, 35,
36]. The plausibility of such interventions is poor and these results cannot be extended to the whole
population of patients with COPD. However, they do show that interventions targeted at specific aspects
of the disease, such as nocturnal hypoventilation in the case of nocturnal NIV and poor nutritional status
in the case of nutritional supplementation, can have a positive impact on the activity levels of COPD
patients. Therefore, targeting specific subpopulations of patients might be necessary in specific
interventions for specific patient phenotypes. More studies in these areas are needed in order to confirm
this hypothesis.

LTOT [33, 64, 75] and NMES [38] were the interventions with the lowest impact on PA levels in patients
with COPD. When considering objective measurement of PA, LTOT did not produce an increase in PA
levels in this population. Likewise, NMES did not change PA levels in patients with COPD [38]. Perhaps
these interventions may be useful in combination with other approaches (e.g. PA coaching) aiming
specifically at increasing PA. More studies are needed to explore this possibility.

As expected, exercise training was the most commonly used strategy to modify PA levels in patients with
COPD. However, the effect of PR programmes to increase PA levels is still controversial. 13 studies showed an
increase in PA levels [8, 29, 44, 49, 52, 56, 58, 63, 65, 66, 72, 74, 76], while seven studies showed no effects
after the intervention [10, 34, 37, 42, 62, 68, 69]. Interestingly, all the studies that failed to improve PA used
programmes ⩽12 weeks of duration. All studies involving programmes >12 weeks showed a positive impact
on PA [8, 29, 52]. An even higher proportion of studies with programmes ⩽12 weeks (six out of nine studies)
showed no changes in PA levels when studies with objective measurements of PA were considered (figure 2c),
whereas most of the studies that assessed PA with subjective tools showed positive effects of PR [44, 49, 56,
58, 63, 65, 72, 74, 76]. Since patients with COPD substantially overestimate their activity levels in daily life
[82, 83], this finding may suggest that “short” PR programmes may impact positively on patients’ perception
of activities of daily living, but do not enhance their PA levels when objectively measured. In contrast, longer
programmes (>12 weeks) seem to achieve better results [8, 29, 52]. Possibly, the translation of the gains (i.e.
exercise capacity) of the PR programme into a more active lifestyle requires longer periods of training [8].

Other exercise interventions are also able to impact positively on PA levels of patients with COPD [10, 28,
30, 32, 39–41, 50, 53, 61, 74]. Walking programmes have been commonly used to enhance PA. Walking is a
usual activity for patients and is easy to perform. When considering this strategy, duration (⩾30 min·day−1)
and frequency (at least three times per week over a minimum period of 3 months) of the intervention seem
to be important. Similarly, the intensity of the intervention in walking programmes might be a key factor
for success. When walking programmes involve activities with a high metabolic demand (i.e. 75% of
maximal heart rate [32]), the results seem to be better [28, 32]. As shown in figure 2c, PR can also cause a
positive effect on daily activity levels when combined with other interventions [10, 30, 39–41].
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Percentage change in PA levels
Although the heterogeneity of the studies precludes a meta-analysis, figure 3 summarises the effects of
different interventions on activity levels in patients with COPD. This figure must be interpreted with
caution, since we calculated the average of changes relative to baseline PA levels for each intervention
category for illustrative purpose only, to give an impression of the magnitude of the effect we found for
the different interventions. However no correction by confounding factors (such as FEV1, sex or age) was
applied, due to data heterogeneity. As shown in figure 3, most interventions using objective measurements
of PA were able to show 10–20% increments in activity levels. As expected [82, 83], subjective methods
overestimated PA levels when compared with objective measurements in most of the studies.

Future research directions
Despite the importance of PA in COPD, studies assessing the effect of interventions on PA levels in this
population are in general of low quality. Future research should focus on well-designed trials with proper
randomisation, concealment and blinding processes. Apart from poor quality of evidence, the
interpretation of the current literature on the topic may also be limited by publication bias (i.e. due to high
probability of unreported studies). Studies with negative or with lack of impacting results are also
necessary to elucidate the effect of the interventions on PA levels in patients with COPD. In addition, only
a few studies have explored the benefits of interventions during hospitalisation [31, 79]. PA levels are
affected in patients with COPD during and after hospitalisation for acute exacerbation [84]. Therefore,
interventions aiming at increasing PA levels during and early after exacerbations are needed. Moreover, the
benefits of other interventions, such as inspiratory muscle training [85], high-intensity interval training
[86], downhill walking [87] and/or nonlinear exercise training [88], should be explored. Finally, the
practice of PA is likely to have, as any other lifestyle habit, a strong behavioural factor. Consequently, in
order to have improvements in PA levels of patients with COPD, it may be necessary to identify and
reduce the time these patients spend in sedentary behaviour [89]. Furthermore, patients with COPD need
adaptive behaviour change to achieve significant and lasting results on high levels of PA in daily life [90].

In conclusion, the benefit of exercise training on PA levels is still controversial. However, longer-lasting
programmes are more effective than shorter programmes in increasing PA levels in COPD and might be
needed to facilitate a change in behaviour. PA coaching with the feedback of an activity monitor is a very
promising intervention to enhance daily activity levels in COPD. The combination of this type of
programme with exercise training, particularly with long programmes, has the potential to enhance the
effects by combining the increase in capacity provided by the exercise training with the behavioural
changes facilitated by PA coaching programmes. Similarly, interventions directed at potential determinants
of PA, such as dietary intervention for cachectic patients and nocturnal NIV with exercise training for
hypercapnic patients, may contribute to increasing PA in very specific subgroups of patients with COPD.
LTOT and NMES do not seem to enhance PA in this population, but may be useful in combination with
other strategies. Bronchodilators might cause a positive impact on daily activity levels of COPD patients.
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