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A B S T R A C T

Background

In individuals with cystic fibrosis there are no established targets for participation in physical activity, nor have any ideal strategies to
promote participation in physical activity been identified

Objectives

To evaluate the effect of treatment to increase participation in physical activity in people with cystic fibrosis.

Search methods

We searched the Cochrane Cystic Fibrosis and Genetic Disorders Group Trials Register using the terms 'physiotherapy and exercise'.

Date of the most recent search: 05 December 2013.

Additionally, we conducted searches of the electronic databases MEDLINE, CINAHL (Ebscohost), PsycINFO (OvidSP) and the Physiother-
apy Evidence Database (PEDro). We also searched for potentially relevant, completed but unpublished studies, on several clinical trials
registers.

Date of the most recent searches: 10 September 2012.

Selection criteria

All randomised and quasi-randomised controlled studies which investigated strategies designed to promote increased participation in
daily physical activity for individuals with cystic fibrosis.

Data collection and analysis

Two authors independently selected studies for inclusion, assessed the risk of bias and extracted data. Any disagreements were resolved
by discussion and consensus, or in arbitration with a third author.

Main results

Four studies (199 participants) met the inclusion criteria and were predominantly conducted in children with cystic fibrosis. Only one study
had a combined cohort of adult and paediatric participants. The description of study methods was inadequate to assess the risk of bias,
particularly with regard to blinding of assessors and selective reporting. One study was conducted in an inpatient setting with follow up in
the outpatient setting; while the remaining three studies were conducted in individuals with stable respiratory disease in the outpatient
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setting. All included studies used exercise training to promote participation in physical activity, with the duration of the intervention period
ranging from 18 days to three years. No improvement in physical activity participation was reported with any intervention period less than
or equal to six months. Improvements in physical activity participation were only seen where follow up occurred beyond 12 months. There
was no significant impact on quality of life from any of the intervention strategies.

Authors' conclusions

Although participation in physical activity is generally regarded as beneficial for people with cystic fibrosis, there is a lack of evidence
regarding strategies to promote the uptake and the continued participation in physical activity for this population. This review provides
very limited evidence that activity counselling and exercise advice, undertaken over at least six months, to engage in a home exercise
programme may result in improved physical activity participation in people with cystic fibrosis. Further research is needed to determine
the effect of strategies such as health coaching or telemedicine applications, in promoting the uptake and adherence to regular participa-
tion in physical activity. In addition, establishing the ideal duration of any interventions that promote physical activity, including exercise
training programmes, will be important in addressing issues relating to participation in physical activity for people with cystic fibrosis.

P L A I N   L A N G U A G E   S U M M A R Y

Strategies to promote participation in physical activity for people with cystic fibrosis

Physical activity refers to any movement of the body generated by the muscles and which burns energy. Physical activity includes exercise,
but also includes activity as a part of work, chores or transport. Participation in regular physical activity is important for health and well-
being. For most people with cystic fibrosis, physical activity and exercise are routinely recommended, but participation in prescribed
programmes is often poor. The best way to encourage people with cystic fibrosis to do more physical activity during their day is unclear.
This review aimed to evaluate the strategies that encourage people with cystic fibrosis to participate in daily physical activity. There were
four included studies with a total of 199 participants which investigated the effect of exercise training on participation in physical activity.
These were mostly conducted in children. The study methods and results were not clearly reported, so it was difficult to tell if the results
were influenced by the way in which participants were assessed, or the nature of the outcomes reported. The training programmes ranged
from 18 days to three years. In two studies the exercise training programmes were supervised and in two studies they were unsupervised
and home-based. Due to differences in the study design and the outcomes measured, we could not combine data from different studies.
None of the studies reported any improvement in participation in physical activity when the exercise training lasted less than six months.
There was very limited evidence that using a home-exercise programme, for at least six months after receiving activity counselling and
exercise advice, improved participation in physical activity in people with cystic fibrosis. No training program showed significant effects on
quality of life. It is unknown whether strategies such as health coaching or Internet-based advice may help promote regular participation
in physical activity in people with cystic fibrosis.
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B A C K G R O U N D

For a glossary of terms please see the appendices (Appendix 1).

Description of the condition

Cystic fibrosis (CF) is a progressive, life-limiting, multi-system dis-
ease that predominantly affects children and young adults. The
lungs of people with CF are affected by bronchiectasis progress-
ing to respiratory failure (Koch 1993). Participation in regular phys-
ical activity and exercise is encouraged in CF (Yankaskas 2004) since
exercise participation affords health benefits including enhanced
clearance of pulmonary secretions (Bradley 2008; Dwyer 2011), im-
proved blood glucose control and bone mineral accretion (Bradley
2008).

Description of the intervention

Physical activity refers to any bodily movement that results in an
increase in energy expenditure above baseline resting energy ex-
penditure (Casparen 1985). Physical activity and exercise are terms
commonly used interchangeably; however, a subtle distinction ex-
ists between the two. Physical activity includes structured exer-
cise and sport activities, as well as activities involved in play, work,
transportation, chores and recreational pursuits (WHO 2010). Ha-
bitual physical activity implies the performance of physical activity
within the context of regular daily life (Clanchy 2011). Physical ac-
tivity participation can be quantified in a number of ways which can
include recording the number of steps taken in a day, the amount
of time spent in moderate intensity activity, daily energy expendi-
ture or self-reported activity participation using a diary or question-
naire. Participation in regular physical activity for the general pop-
ulation has a number of health benefits, including reducing the risk
of cardiovascular disease, improving glycaemic control, and help-
ing overcome obesity (Haskell 2007; Thompson 2003). In addition,
physical activity participation can improve mental health and qual-
ity of life (WHO 2010).

Despite the benefits of regular physical activity participation in the
general population, only one quarter of adults in the USA report
participating in 30 minutes of activity of at least moderate inten-
sity on five or more days of the week (Kahn 2002). Furthermore,
the 2012 Australian Health Survey reported participation in mod-
erate-vigorous physical activity during the preceding week by only
30% of people older than 15 years of age (ABS 2012). Consequent-
ly, strategies to promote physical activity participation are of great
importance. Physical activity promotion strategies can take a num-
ber of forms and may include mass-media campaigns for health be-
haviour change, point-of decision prompts to encourage increased
activity or individually tailored interventions (CDC 2011).

Physical activity may also have specific health benefits for peo-
ple with particular health disorders. In people with chronic illness,
the ability to participate in regular physical activity can be ham-
pered by factors such as the environment (natural and built), finan-
cial cost and emotional and psychological barriers (Rimmer 2004).
These barriers contribute to people with chronic illness being less
likely to report participation in moderate and vigorous physical ac-
tivity compared to healthy populations (Marcus 2000). In some res-
piratory populations supervised exercise training have been used
to change behaviour and result in increased participation in phys-
ical activity. Some examples of these are pulmonary rehabilita-
tion, educational or motivational sessions (Conn 2008); walking

programmes using pedometer feedback and Internet-based moni-
toring (Moy 2012); and text-messaging support (Nguyen 2009).

The effect of strategies to improve physical activity participation
in people with CF has not previously been reviewed. For people
with CF, healthcare professionals generally regard participation in
physical activity as beneficial (Bradley 2008). The nature of treat-
ments that can promote physical activity participation for people
with CF may be quite variable, and could include such interven-
tions as exercise training (supervised or unsupervised), reminders,
counselling or education. Identifying the most effective strategies
to promote increased participation in physical activity could there-
fore have long-term health effects. As well as increases in physi-
cal activity, such health improvements may be reflected as increas-
es in exercise capacity, respiratory function and quality of life, all
of which are associated with improved prognostic outcomes in CF
(Hebestreit 2006; Schneiderman-Walker 2005; Troosters 2009).

How the intervention might work

Strategies likely to be successful in promoting increased physical
activity participation are those which provide education regarding
the health benefits of physical activity (Pate 1995), provide physi-
cal skills practice (Andersen 1998) and overcome perceived barriers
by fostering enjoyment of activity and providing motivation (Pate
1995).

Why it is important to do this review

In an earlier Cochrane Review targeting previously sedentary
healthy adults and excluding those who had pre-existing medical
conditions, it was reported that professional advice with contin-
ued support could encourage short-term improvement in partici-
pation in physical activity, with more research required to identify
the best long-term strategies (Foster 2005). GIven that the popula-
tion included in that review were healthy, it is unknown whether
the interventions identified which target behaviour adaptation or
involve strategies for delivering physical activity programmes, can
be applied to people with CF.

Previous reviews in CF have focused on exercise participation and
measures of exercise or aerobic capacity (Bradley 2008). This re-
view will enable a comparison of the relative efficacy of strate-
gies that promote participation in physical activity, and thus allow
clinicians to identify treatment options suited to encouraging in-
creased participation in physical activity for people with CF. In addi-
tion, this review may identify avenues for future research into novel
strategies, that encourage increased participation in physical activ-
ity whilst maintaining the strict infection control procedures, which
are mandatory to prevent cross infection in people with CF (Saiman
2004).

O B J E C T I V E S

To evaluate the effect of treatment to increase physical activity par-
ticipation in people with CF.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised and quasi-randomised controlled studies.
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Types of participants

People with CF aged over five years, with any degree of disease
severity. Diagnosis of CF confirmed by clinical criteria and sweat
testing or genotype analysis.

Types of interventions

We included all strategies which could be considered to promote
increased participation in daily physical activity for individuals with
CF (refer to examples below), including interventions in both inpa-
tient and outpatient settings. Where the study intervention com-
menced in the inpatient setting, the study needed to include follow
up in the discharge period in order to evaluate the effects of the in-
tervention on physical activity in daily life.

Potential interventions include:

• one-oJ one-to-one counselling or advice;

• self-directed or unsupervised participation in a prescribed phys-
ical activity programme;

• supervised physical activity session in the home;

• supervised physical activity session in a facility;

• on-going face-to-face counselling or advice;

• telephone support;

• written material;

• Internet-based or tele-health advice and motivation;

• monitoring device for motivation, e.g. pedometer

Specific comparisons examined were:

1. one or more interventions to promote physical activity versus
no intervention;

2. one or more interventions to promote physical activity versus a
placebo intervention (e.g. attention control);

3. one intervention to promote physical activity compared to an-
other intervention to promote physical activity.

We also included studies whose goal was to assess physiological
outcomes as a response to a physical exercise intervention, but
which included physical activity participation as part of that assess-
ment.

Types of outcome measures

Primary outcomes

1. Participation in physical activity (change from baseline where
possible, measured either subjectively, e.g. by an activity diary,
or objectively using a monitoring device e.g. a pedometer)
a. intensity of physical activity (measured or estimated using

objective measures e.g. activity monitoring, or self-report of
physical activity e.g. International Physical Activity Question-
naire (IPAQ)

b. time spent in physical activity (measured in minutes per
week, sessions per week, etc)

c. energy expenditure (in calories or joules)

d. step count (using a monitoring device such as a pedometer)

2. Health-related quality of life measured by generic or disease
specific assessments, or both

Secondary outcomes

1. Exercise capacity (either maximal or submaximal where mea-
sured directly or by a standard field test)

2. Pulmonary function tests (change in per cent (%) predicted or
absolute measures from baseline, or rate of decline)
a. forced expiratory volume in one second (FEV1)

b. forced vital capacity (FVC)

c. forced expiratory flows between 25% and 75% of expired vol-
ume (FEF25-75)

3. Adverse events (e.g. musculoskeletal injuries)

4. Body composition in terms of body mass index (BMI) and lean
body mass

5. Bone mineral density (defined on dual energy X-ray absorptiom-
etry (DXA) scans)

6. Adherence to the intervention programme

7. Compliance with other CF treatments, e.g. airway clearance
techniques and nebulised medication; any measure of compli-
ance such as pill counts, self-report diaries, electronic monitor-
ing

8. Cost evaluation

Search methods for identification of studies

Electronic searches

We searched for relevant trials from the Group's Cystic Fibrosis Tri-
als Register using the terms: physiotherapy AND exercise.

The Cystic Fibrosis Trials Register is compiled from electronic
searches of the Cochrane Central Register of Controlled Trials (CEN-
TRAL) (updated each new issue of The Cochrane Library), quarterly
searches of MEDLINE, a search of Embase to 1995 and the prospec-
tive handsearching of two journals - Pediatric Pulmonology and the
Journal of Cystic Fibrosis. Unpublished work is identified by search-
ing the abstract books of three major cystic fibrosis conferences:
the International Cystic Fibrosis Conference; the European Cystic
Fibrosis Conference and the North American Cystic Fibrosis Con-
ference. For full details of all searching activities for the register,
please see the relevant sections of the Cochrane Cystic Fibrosis and
Genetic Disorders Group Module.

Date of the search of the Group's Cystic Fibrosis Trials Register: 05
December 2013.

In addition, we searched MEDLINE, CINAHL (Ebscohost), PsycINFO
(OvidSP) and the Physiotherapy Evidence Database (PEDro) for all
years available (Appendix 2). We searched for potentially relevant,
completed but unpublished studies, by searching the clinical trials
registers listed below using the search terms 'physical activity' or
'physical fitness' or 'habitual activity' and 'cystic fibrosis' and 'pro-
motion' or 'education' or 'uptake' or 'encourage' or 'increase' or
'start'.

• WHO International Clinical Trials Register (incorporating clini-
caltrials.gov);

• European Clinical Trials Register; and

• Current Controlled Trials register (incorporating the UK clinical
trials register).

Date of the search of CINAHL, PsychINFO, PEDro and clinical trials
registers: 10 September 2012.
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Searching other resources

We reviewed the reference list of all included studies for any addi-
tional trials suitable for inclusion.

Data collection and analysis

Selection of studies

Two authors (NC and AH) independently assessed the titles and ab-
stracts of trials identified by the searches. The same two authors
assessed full-text copies of potentially relevant trials for inclusion
based upon the defined criteria. Each author compiled a list of stud-
ies that they believed met the inclusion criteria. The authors com-
pared these lists and resolved any disagreements that occurred by
discussion and consensus, with arbitration by the third author (JA)
as necessary.

Data extraction and management

Two authors (NC and AH) independently extracted data using spe-
cially developed, standardised data extraction forms. One author
(NC) entered the data into the Cochrane software Review Manager
(RevMan 2011) and a second author (AH) reviewed it. They resolved
any disagreements by discussion between review authors and, if
necessary arbitration by the third author (JA).

We have reported data by type of intervention (supervised exercise
training or unsupervised exercise training), and based on the time-
point at which follow-up data were reported. We categorised these
time-points as:

1. less than or equal to one month (short-term);

2. from one to six months; and

3. greater than six months.

Assessment of risk of bias in included studies

Two authors (NC and AH) independently rated the risk of bias of the
reviewed studies using the standardised grading system described
in the Cochrane Handbook of Systematic Reviews of Interventions
(Higgins 2011).  We assessed the following domains as having either
a 'high', 'low' or 'unclear' risk of bias:

1. random sequence generation;

2. allocation concealment;

3. blinding (of participants, personnel and outcome assessors);

4. incomplete outcome data sets;

5. selective outcome reporting;

6. other sources of bias.

The authors resolved any disagreements by discussion to reach a
consensus.

Measures of treatment e<ect

Where possible, the authors expressed the treatment effect for con-
tinuous outcomes in their original metrics using mean differences
(MD) and 95% confidence intervals (CI). If trials had measured con-
tinuous outcomes using different scales, the authors planned to ex-
press the treatment effect as a standardised mean difference (SMD)
with 95% CI. We report results for dichotomous data as risk ratios
(RR) with 95% CIs.

If there had been more than one study with a specific interven-
tion reporting outcomes at the same time-point, we had intended
to perform a meta-analysis using the Cochrane statistical package
RevMan, however, such data were not available (RevMan 2011).

Unit of analysis issues

Cross-over studies were not included in the review. If future ver-
sions of this review include cross-over studies, we will use the
generic inverse variance method for the analysis of data.

Dealing with missing data

The review authors contacted the investigators of the studies in-
cluded in this review for additional information where necessary.

In order to present MD and 95% CI data from the study by Hebestre-
it, the authors took the MD between groups from the results pub-
lished in table 2 of the manuscript (Hebestreit 2010), and we calcu-
lated the 95% CI by multiplying the standard error (SE) by 1.96. We
applied this method for all MD and 95% CI data presented pertain-
ing to this paper.

Assessment of heterogeneity

The authors assessed clinical heterogeneity and intended to con-
duct meta-analyses where they agreed that the trials were suffi-
ciently clinically homogenous in terms of study population, inter-
ventions and outcomes. However, we were not able to combine any
studies in a meta-analysis; if we are able to do this in future updates,
we will describe any heterogeneity between the included studies

using the standard chi2 test and assess the impact of any hetero-

geneity on the meta-analysis using the I2 statistic (Higgins 2011): I2

= [Q-df/Q] x 100%, where Q is the chi2 statistic and df is its degrees of
freedom (Higgins 2011). This describes the percentage of the vari-
ability in effect estimates that is due to heterogeneity rather than
sampling error (chance). We will use the following guide to interpret

the I2 values:

• 0% to 40% might not be important;

• 30% to 60% may represent moderate heterogeneity;

• 50% to 90% may represent substantial heterogeneity;

• 75% to 100% considerable heterogeneity.

Assessment of reporting biases

We sought to reduce reporting bias through the following mea-
sures:

• we performed comprehensive searches to identify randomised
controlled studies;

• we attempted to seek out and include relevant unpublished
studies;

• we had planned to identify reporting biases using funnel plots to
assess for small study effects (Higgins 2011), however this was
precluded by the small number of included studies.

Data synthesis

If meta-analyses are possible in future updates, we will use a fixed-
effect model, unless there is substantial heterogeneity (i.e. over
50%) (Higgins 2011), in which case we will use a random-effects
model. For outcomes where there were insufficient data, or a high
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degree of heterogeneity, we did not perform a meta-analysis and
instead presented a narrative synthesis.

Subgroup analysis and investigation of heterogeneity

We intended to undertake the following subgroup analyses:

1. children versus adults;

2. supervised versus unsupervised interventions.

However, the small number of included trials precluded these sub-
group analyses. We will undertake these analyses in future updates
of this review if sufficient numbers of studies are available.

Sensitivity analysis

If a sufficient number of studies are available in future updates, we
will perform a sensitivity analysis by including only studies with an
overall low risk of bias. If all studies are found to have a high risk

of bias, we will perform a sensitivity analysis after the exclusion of
studies that did not conceal allocation.

R E S U L T S

Description of studies

Results of the search

Electronic searches retrieved a total of 567 citations. After the re-
moval of duplicates and screening of records, 10 full-text reports of
studies and three abstracts were reviewed. An additional four po-
tential references were identified from the reference lists of the full-
text studies. Of the total 14 full-text studies reviewed, four studies
met the criteria for inclusion and 10 were excluded. Of the three
published abstracts, one study was excluded and two are await-
ing classification and will be assessed for eligibility in a future up-
date if further information becomes available (Alarie 2013; Marosti-
ca 2012). Please refer to the figures for the PRISMA diagram of study
selection (Figure 1).

 

Interventions for promoting physical activity in people with cystic fibrosis (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

6



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 1.   Study flow diagram.
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Figure 1.   (Continued)
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Included studies

Trial Characteristics

All four included studies were randomised controlled studies. One
study was conducted in the inpatient setting with follow up in the
outpatient setting (Selvadurai 2002). The remaining three studies
were conducted in people with CF with stable respiratory disease
in the outpatient setting (Hebestreit 2010; Klijn 2004; Schneider-
man-Walker 2000).

The duration of the intervention period of the included studies
ranged from 18 days (Selvadurai 2002) to three years (Schneider-
man-Walker 2000); with follow-up periods of one month (Selvadu-
rai 2002), three months (Klijn 2004), two years (Hebestreit 2010) and
three years (Schneiderman-Walker 2000).

Participants

A total of 199 individuals with CF participated in the four included
studies. The number of participants recruited in each study ranged
from 23 (Klijn 2004) to 72 (Schneiderman-Walker 2000). Two stud-
ies reported the number of male versus female participants, 28
male versus 38 female (Selvadurai 2002), and 19 male versus 19 fe-
male (Hebestreit 2010). Two studies did not report the breakdown
of participant gender (Klijn 2004; Schneiderman-Walker 2000). The
mean age of participants ranged from 13.2 years (Selvadurai 2002)
to 19.5 years (Hebestreit 2010). Mean FEV1 % predicted ranged

from 57% predicted (Selvadurai 2002) to 89% predicted (Schnei-
derman-Walker 2000). Three studies were conducted solely in pae-
diatric patients (Klijn 2004; Schneiderman-Walker 2000; Selvadu-
rai 2002), with one study being undertaken in a combined group of
paediatric and adult patients (Hebestreit 2010).

All studies reported no significant differences in baseline character-
istics between the intervention and control group in terms of mea-
sured parameters including pulmonary function, weight, height
and body mass.

Interventions

All included studies used exercise interventions to promote phys-
ical activity. The specific interventions assessed in the studies
were anaerobic training (Klijn 2004), predominantly aerobic train-
ing (Schneiderman-Walker 2000) or a combination of aerobic train-
ing and resistance training (Hebestreit 2010; Selvadurai 2002). Two
studies used supervised, prescribed exercise strategies (Klijn 2004;
Selvadurai 2002), the remaining two studies provided activity coun-
selling and exercise or activity prescription planning at baseline

with telephone and clinic consultation throughout the intervention
period (Hebestreit 2010; Schneiderman-Walker 2000).

Outcomes

Participation in physical activity and exercise capacity were re-
ported in all studies. Quality of life (QOL) was reported by three
studies, all using different methods. Selvadurai used the 'Quali-
ty of Well-being scale' in hospitalised children undertaking super-
vised training (Selvadurai 2002); Klijn used the 'CF Questionnaire
(CFQ)' (Klijn 2004); and Hebestreit used the 'Revised German CF
questionnaire' (Hebestreit 2010).The 'Revised German CF question-
naire' is a translation of the originally developed CFQ (Schmidt
2009). The CFQ assesses nine domains relating to health-related
QOL and three domains relating to symptoms, as well as subjective
health perception (Henry 2003; Wenninger 2003). In stable patients
a change in score of four points on the respiratory scale of the ques-
tionnaire corresponds to the minimum clinically important differ-
ence (MCID) (Quittner 2009).

All included studies assessed pulmonary function (FEV1 and FVC),

while two studies also assessed FEF25-75 (Klijn 2004; Schneider-

man-Walker 2000). Adherence to the intervention and compliance
with other CF-related treatments were reported in two studies (Kli-
jn 2004; Schneiderman-Walker 2000). None of the included stud-
ies presented a cost analysis of the intervention. Only one study re-
ported the occurrence of adverse events, however it was unclear if
these events prevented participants from completing outcome as-
sessments (Selvadurai 2002).

Excluded studies

On reviewing the full-text papers, 10 potentially relevant studies
were excluded. One additional study, available only in abstract
form, was also excluded (Petrovic 2013).

Seven of the excluded studies were not randomised controlled
studies (Bernard 2004; Gulmans 1999; Hind 2008; Orenstein 1981;
Swisher 2010; Tunzin 1998; van Doorn 2010). One study was only
conducted in the inpatient setting, with no outpatient follow up
(Kuys 2011). Three studies only assessed physiological outcomes of
exercise intervention and not physical activity participation (Moor-
croft 2004; Petrovic 2013; Sosa 2012).

Risk of bias in included studies

Included studies were rated as low risk of bias for some aspects,
and unclear for others. The authors' judgements of risk of bias for
each study are outlined in their respective 'Risk of bias' table, and
presented in the 'Risk of bias summary table' (Figure 2).
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 
Allocation

Two studies were allocated low risk of bias for random sequence
generation having identified the use of "random computer number
generation" (Schneiderman-Walker 2000) or "selection of pre-fold-
ed papers" indicating group allocation (Hebestreit 2010). Two stud-
ies were rated as having an unclear risk of bias as the method of se-
quence generation was not described (Klijn 2004; Selvadurai 2002).

Three trials had a low risk of selection bias as allocation was
concealed by using "concealed envelopes" (Klijn 2004; Selvadurai
2002) or "folded paper in an opaque bag" (Hebestreit 2010). For one
study the method of concealment was not stated and it was there-
fore judged to have an unclear risk of bias (Schneiderman-Walker
2000).

Blinding

It was not possible to blind the participants in any included study,
nor were caregivers blind to group allocation in any of the includ-
ed studies. In one study, assessors of pulmonary function were "un-
aware of each patient's group assignment" (Schneiderman-Walker
2000). However, it is unclear whether assessors of other outcomes
were also blind to group allocation. One study reported that "the
primary researcher was blinded for the experimental condition",
however, it was unclear if this researcher performed outcome as-
sessments (Klijn 2004). In the two remaining studies there was in-
sufficient information presented to determine if outcome assessors
were blind to group allocation (Hebestreit 2010; Selvadurai 2002).

Overall, the risk of bias for blinding was unclear, as the extent to
which unblinded assessment may have affected outcomes would
vary depending upon the outcome; for example, assessor knowl-
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edge of participant group allocation could affect the reporting of
QOL outcomes, or the amount of encouragement provided may in-
fluence the outcome of exercise tests. The influence of unblinded
outcome assessors may be less likely to affect objective measures
of physical activity such as activity monitoring.

Incomplete outcome data

Two studies were rated as having a low risk of bias for incomplete
outcome data (Klijn 2004; Selvadurai 2002). One study was rated
as having a high risk (Hebestreit 2010) and one as having an un-
clear risk of bias (Schneiderman-Walker 2000). All studies did report
dropouts, with the proportion of dropouts at the final data-collec-
tion time-point ranging from 0% (Selvadurai 2002) to 26% (Hebe-
streit 2010). Selvadurai reported that two participants were unable
to complete all aspects of the intervention programme; however,
it is presumed these participants were still able to complete out-
come assessments as the paper identifies "no children withdrew
from the study" (Selvadurai 2002). One study stated that an inten-
tion-to-treat analysis was performed; however, only the results of
those participants who had at least two years of follow up were
presented (Schneiderman-Walker 2000). In this study seven partic-
ipants dropped out prior to the two-year follow-up assessment; the
authors stated that an intention-to-treat analysis revealed similar
results to those reported. At two-year follow up, there was a 26%
dropout in the study by Hebestreit, with no statement of analysis
by intention-to-treat (Hebestreit 2010). There were three dropouts
reported in the Klijn study (n = 23) (Klijn 2004).

Selective reporting

Overall, included studies were judged as having unclear risk of re-
porting bias as there was insufficient information to determine the
effect of the slight variations in reporting evidence.

Other potential sources of bias

Other potential sources of bias were identified in three studies
(Hebestreit 2010; Klijn 2004; Selvadurai 2002). In the supervised
anaerobic training study, the discussion suggests participants were
instructed not to alter their physical activity participation outside
of supervised training, however, the nature of this instruction was
not outlined in the methods (Klijn 2004). In a study of activity coun-
selling and exercise advice compared to control, logistic and finan-
cial support (for example gym fees) was offered if needed, to enable
participation in the intervention programme (Hebestreit 2010). In
one study, participation in physical activity as assessed using ac-
celerometer was conducted in a subgroup of participants who had
previously had their baseline levels of physical activity established
as a part of another study (Selvadurai 2002). The inclusion criteria
for this alternate study were not stated.

E<ects of interventions

Four studies have been included in a narrative synthesis. There
were no studies included in a quantitative synthesis, as a con-
sequence of the variation in the type and duration of studies,
the methods of measuring outcomes and measurement units, the
time-points at which outcomes were assessed, and the lack of re-
ported data.

Supervised exercise training

Two studies, with a total of 86 participants reported the outcomes
of supervised exercise training on participation in physical activity

(Klijn 2004; Selvadurai 2002). In one study participants in the inter-
vention group undertook anaerobic training, while control group
participants received no intervention and continued with their nor-
mal daily activities (Klijn 2004). The second study of supervised ex-
ercise training was undertaken in the inpatient environment (Sel-
vadurai 2002). Aerobic or resistance training (or a combination of
both) was performed by children in the intervention groups, whilst
control group participants received standard chest physiotherapy
without any physical training (Selvadurai 2002).

Primary outcomes

1. Participation in physical activity

a. At less than or equal to one month

One study reported the effects of a supervised, inpatient pro-
gramme of aerobic or resistance exercise on physical activity at one
month following hospital discharge (Selvadurai 2002). There was
no significant difference in physical activity participation between
those who undertook aerobic training in the hospital and a control
group who undertook no physical training sessions, MD 1.20 MJ/
day (95% CI -0.47 to 2.87 MJ/day). Similarly, there was no significant
difference in physical activity participation between those who un-
dertook a resistance training program and the control group with
no physical training at one month following discharge, MD 0.65 MJ/
day (95% CI -0.86 to 2.16 MJ/day) (Analysis 1.1).

In one study comparing supervised anaerobic training and a con-
trol group who undertook no exercise training, the authors stated
that there were no significant changes in physical activity partici-
pation for either group at the conclusion of the 12-week training
programme (Klijn 2004). No data for activity participation were re-
ported.

b. At one month up to six months

For the study comparing supervised anaerobic training and a con-
trol group who undertook no exercise training, the authors stated
that there were no significant changes in physical activity partici-
pation for either group at at three-months follow up (Klijn 2004). No
data for activity participation were reported.

c. At over six months

No studies of supervised exercise training reported outcomes for
physical activity participation at over six months.

2. Change in QOL

a. At less than or equal to one month

In one study, the supervised, inpatient aerobic training group sig-
nificantly improved quality of well-being score at one month fol-
lowing discharge compared to a no physical training control group,
MD 0.10 points (95% CI 0.03 to 0.17 points) (Selvadurai 2002) (Analy-
sis 1.2). Inpatient resistance training produced no change in QOL
score compared to a control group with no physical training at one
month post discharge, MD 0.03 points (95% CI -0.04 to 0.10 points)
(Analysis 1.2).

In the second study, at the completion of a 12-week supervised
anaerobic training programme, children in the training group had
a mean increase in QOL score for the domain of physical function-
ing only (Klijn 2004). Physical functioning score changed by a mean
18.1 points in the anaerobic training group, compared to a 3.9 point
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change in the no intervention control group. A between-group
analysis was not presented.

b. Over one month and up to six months

No studies of supervised exercise training assessed QOL at one to
six months.

c. At over six months

No studies of supervised exercise training assessed QOL at over six
months.

Secondary outcomes

1. Change in exercise capacity

Two studies of supervised exercise training assessed exercise ca-
pacity. One used a cycle ergometry test (Klijn 2004), with the sec-
ond study using a treadmill test (Selvadurai 2002).

a. At less than or equal to one month

In the Selvadurai study, supervised, inpatient aerobic training re-
sulted in a significant improvement in change in VO2 peak mea-

sured on a treadmill compared to no physical training control at
both discharge from hospital, MD 8.53 ml/kg/min (95% CI 4.85 to
12.21 ml/kg/min) and one month following discharge, MD 4.91 ml/
kg/min (95% CI 1.13 to 8.69 ml/kg/min) (Selvadurai 2002) (Analysis
1.3). Supervised, inpatient resistance training resulted in no differ-
ence in change in VO2 peak relative to the no physical training con-

trol group at discharge from hospital, MD 1.95 ml/kg/min (95% CI
-1.61 to 5.51 ml/kg/min), or at one month following discharge, MD
-0.40 ml/kg/min (95% CI -4.03 to 3.23 ml/kg/min) (Selvadurai 2002)
(Analysis 1.3).

In the Klijn study, at completion of a 12-week supervised anaero-
bic training programme, the intervention group had a significant-
ly greater improvement in VO2 peak measured by cycle ergometry,

when compared to a no physical training control group, MD 2.10 ml/
kg/min (95% CI 0.12 to 4.08 ml/kg/min) (Klijn 2004) (Analysis 1.3).

b. Over one month up to six months

In one study, at three-month follow up, a 12-week supervised
anaerobic training programme resulted in no significant difference
in exercise capacity from baseline for the treatment group (Klijn
2004). No data were reported.

c. At over six months

No studies of supervised exercise training reported results for
change in exercise capacity at over six months.

2. Pulmonary function tests

a. Change in FEV1 (% predicted)

Selvadurai reported data for change in FEV1 following supervised

training at discharge from hospital (end intervention) and one
month following discharge (Selvadurai 2002).

i. At less than or equal to one month

In the Selvadurai study there was no clear benefit seen when com-
paring supervised aerobic training during hospitalisation to a no
training control group at discharge, MD 2.03% (95% CI -2.31 to
6.37%), and at one-month follow up, MD 1.53% (95% CI -2.93 to

5.99%) (Selvadurai 2002) (Analysis 1.4). However, resistance train-
ing during hospitalisation resulted in a significantly greater im-
provement in FEV1 compared to the no training control group at

both discharge from hospital, MD 5.58% (95% CI 1.34 to 9.82%), and
one month post discharge, MD 5.08% (95% CI 0.66 to 9.50%) (Sel-
vadurai 2002) (Analysis 1.4).

In one study, there was no significant change in pulmonary function
(including FEV1) at end of intervention for participants undertaking

12-weeks supervised anaerobic training compared to no exercise
training control group (Klijn 2004). No data were presented.

ii. Over one month up to six months

In one study, there was no significant change in pulmonary func-
tion (including FEV1) at three-months follow up in participants who

had completed either a 12-week supervised anaerobic training pro-
gramme or no exercise training control group (Klijn 2004). No data
were presented.

iii. At over six months

No studies of supervised exercise training reported outcomes for
change in FEV1 at over six months.

b. Change in FVC (% predicted)

i. At less than or equal to one month

There were no changes in FVC when supervised, inpatient aerobic
training was compared to a no training control group at either dis-
charge from hospital, MD 0.06% (95% CI -2.55 to 2.67%) or at one
month post discharge, MD -0.11%, 95% CI (-2.64 to 2.42%) (Selvadu-
rai 2002) (Analysis 1.5). Similarly, supervised, inpatient resistance
training compared to no training control resulted in no change in
FVC at hospital discharge, MD 0.17%, 95% CI (-2.31 to 2.65%) or at
one month post discharge, MD 0.06% (95% CI -2.42 to 2.54%) (Sel-
vadurai 2002) (Analysis 1.5).

In one study there was no significant change in pulmonary function
(including FVC) at end of intervention for participants who had un-
dertaken 12-weeks supervised anaerobic training compared to no
exercise training control group (Klijn 2004). No data were present-
ed.

ii. Over one month up to six months

In one study, there was no significant change in pulmonary func-
tion (including FVC) at three-months follow up in participants who
had completed either a 12-week supervised anaerobic training pro-
gramme or no exercise training control group (Klijn 2004). No data
were presented.

iii. At over six months

No studies of supervised exercise training reported outcomes for
change in FVC at over six months.

c. Change in FEF25-75 (%predicted)

No studies of supervised exercise training reported outcomes for
change in FEF25-75.
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3. Adverse events

No adverse events related to the study interventions were report-
ed. One participant in the Selvadurai study (aerobic training group)
suffered a sprained ankle which was reported as unrelated to the
training programme (Selvadurai 2002).

4. Body composition

Both studies of supervised exercise training programmes reported
outcomes for body composition (Klijn 2004; Selvadurai 2002).

a. At less than or equal to one month

Fat-free mass in kilograms was reported in two studies (Klijn 2004;
Selvadurai 2002). In the Selvadurai study, inpatient aerobic training
had no effect on the change in fat-free mass at discharge from hos-
pital compared to a control group with no physical training, MD 0.01
kg (95% CI -0.19 to 0.21 kg) or at one month post discharge, MD 0.04
kg (95% CI -0.19 to 0.27 kg) (Selvadurai 2002) (Analysis 1.6).In the su-
pervised, inpatient resistance training group the children had a sig-
nificantly greater improvement in fat-free mass at both discharge,
MD 1.80 kg (95% CI 1.57 to 2.03 kg), and at one month after dis-
charge from hospital, MD 1.71 kg (95% CI 1.46 to 1.96 kg), compared
to a no physical training control group (Selvadurai 2002) (Analysis
1.6).

In children undertaking a 12-week supervised anaerobic training
programme there was no difference in fat-free mass compared to a
no exercise control group at the end of the intervention, MD -0.40
kg (95% CI -1.14 to 0.34 kg) (Klijn 2004) (Analysis 1.6).

b. Over one month up to six months

In children undertaking a 12-week supervised anaerobic training
programme there was no difference in fat-free mass compared to a
control group with no exercise at three-months follow up, MD 0.30
kg (95% CI -1.27 kg to 1.87 kg) (Klijn 2004) (Analysis 1.6).

c.At over six months

No studies of supervised exercise training reported outcomes for
body composition at over six months.

5. Change in bone mineral density (defined on dual energy X-ray
absorptiometry (DXA) scans)

Bone mineral density was not measured or reported in any of the
studies of supervised exercise training.

6. Adherence to intervention

One study of supervised exercise training reported on adherence to
the intervention (Klijn 2004).

a. At less than or equal to one month

Attendance at a supervised, outpatient anaerobic training pro-
gramme was rated as excellent with a mean attendance rate of 98%
of sessions (SD 4%) (Klijn 2004).

b. Over one month up to six months

No studies of supervised exercise training reported outcomes for
adherence to the intervention at one to six months.

c. At over six months

No studies of supervised exercise training reported outcomes for
adherence to the intervention at over six months.

7. Compliance with other CF treatments

Compliance with other CF treatments was not measured or report-
ed in any of the studies of supervised exercise training.

8.Cost evaluation

Cost evaluation was not assessed or reported in any of the studies
of supervised exercise training.

Unsupervised exercise training

Two studies, including 110 participants reported the outcomes
of unsupervised exercise training on physical activity participa-
tion (Hebestreit 2010; Schneiderman-Walker 2000). In both stud-
ies, control group participants received no intervention and par-
ticipated in their usual physical activity. Participants in the inter-
vention groups received activity counselling and exercise or activi-
ty prescription planning at baseline (with telephone and clinic con-
sultation throughout the intervention period) to undertake either
predominantly aerobic training (Schneiderman-Walker 2000) or a
combination of aerobic and resistance training (Hebestreit 2010).

Primary outcomes

1. Participation in physical activity

a. At less than or equal to one month

No studies of unsupervised exercise training reported physical ac-
tivity outcomes at less than or equal to one month.

b. Over one month up to six months

Activity counselling and exercise advice resulted in no significant
difference in participation in vigorous physical activity as measured
by accelerometry, when compared to a control group with no inter-
vention at three- to six-months follow up, MD 1.05 hours/week (95%
CI -0.65 to 2.75 hours/week) (Hebestreit 2010). In order to present
the MD and 95% CI data from the study by Hebestreit, the MD be-
tween groups was taken from the results published in table 2 of
the manuscript (Hebestreit 2010), and the 95% CI was calculated by
multiplying the SE by 1.96.

c. At over six months

At 12-months follow up, activity counselling and exercise advice re-
sulted in no significant difference in participation in vigorous phys-
ical activity as measured by accelerometry, when compared to a
control group with no intervention, MD 2.08 hours/week (95% CI
-1.84 to 6 hours/week) (Hebestreit 2010). However, at 18- to 24-
months follow up, participants who received activity counselling
and exercise advice spent significantly more time in vigorous activ-
ity than participants in the control group, MD 1.63 hours/week (95%
CI 0.02 to 3.24 hours/week); P = 0.047. Time spent in vigorous activ-
ity was determined via accelerometry over seven days.

In contrast, in the second study, physical activity participation was
assessed using daily activity diaries in children with CF (Schneider-
man-Walker 2000). Activity participation was reported as signifi-
cantly greater in the home exercise programme group compared
to the no intervention control group at the end of one year (P =
0.06), two years (P = 0.006) and three years (P = 0.01) (Schneider-
man-Walker 2000). No data for activity participation were reported.
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2. Change in quality of life

a. At less than or equal to one month

No studies of unsupervised exercise training assessed or reported
on QOL at less than or equal to one month.

b. Over one month up to six months

Hebestreit reported that the only change in QOL was recorded in
the subjective health perception category (Hebestreit 2010). Sub-
jective health perception favoured the activity counselling and ex-
ercise advice group compared to the no intervention control group
at three to six months, MD 9.91 points (95% CI 0.89 to 18.93 points)
(P = 0.031).

c. At over six months

At 12-month follow up the activity counselling and exercise advice
group demonstrated no difference in score for subjective health
perception from baseline when compared to a no intervention con-
trol group, MD -2.31 points (95% CI -15.46 to 10.84 points) (Hebe-
streit 2010). However, at 18- to 24-months follow up, subjective
health perception was better for the activity counselling and exer-
cise advice group compared to the control group, MD 9.89 points
(95% CI 0.64 to 19.14 points) (P = 0.036) (Hebestreit 2010).

Secondary outcomes

1. Change in exercise capacity

Both studies of unsupervised exercise training assessed exercise
capacity using a cycle ergometry test (Hebestreit 2010; Schneider-
man-Walker 2000).

a. At less than or equal to one month

No studies of unsupervised exercise training assessed or reported
on change in exercise capacity at less than or equal to one month.

b.Over one month up to six months

Six months activity counselling and exercise advice produced sig-
nificant differences in change in VO2 peak at three to six months

when compared to a control group with no intervention, MD 2.04
ml/kg/min (95% CI 0.08 to 4.0 ml/kg/min) (P = 0.041) (Hebestreit
2010).

c. At over six months

In one study, a home exercise programme resulted in no signifi-
cant difference in the annual rate of decline of VO2 peak, over a

three-year period, compared to a control group with no interven-
tion, MD 0.05 ml/kg/min (95% CI -1.10 to 1.20 ml/kg/min) (Sch-
neiderman-Walker 2000) (Analysis 2.1). Similarly, after 12 months
there was no difference in VO2 peak between those who received

six months activity counselling and exercise advice and a control
group with no training, MD 0.70 ml/kg/min (95% CI -1.61 to 3.01 ml/
kg/min) (Hebestreit 2010). However, at 18- to 24-months follow up,
six months activity counselling and exercise advice resulted in a sig-
nificant difference in change in VO2 peak when compared to a no

intervention control group, MD 3.73 ml/kg/min (95% CI 1.32 to 6.14
ml/kg/min) (P = 0.002) (Hebestreit 2010).

2. Pulmonary function tests

a. Change in FEV1 (% predicted)

Change in FEV1 was reported in both studies of unsupervised exer-

cise training.

In one study, a trend toward a greater annual rate of decline in
FEV1 was reported in the control group with no intervention when

compared to a three-year home exercise programme group, MD
2.01% (95% CI -0.06 to 4.08%) (Schneiderman-Walker 2000) (Analy-
sis 2.2). In the second study, activity counselling and exercise ad-
vice was found to have had no effect on FEV1 at any time-point

(Hebestreit 2010). The raw data supplied by the authors have gen-
erated the following results: at three-months follow up MD -0.75%
(95% CI -6.10 to 4.60%); at six-months follow up, MD 2.42 (95% CI
-5.42 to 10.26%); at 12-months follow up, MD -0.36% (95% CI -8.02 to
7.30%); at 18-months follow up, MD 5.66% (95% CI -2.88 to 14.20%);
and at 24-months follow up, MD -1.72% (95% CI -10.62 to 7.18%)
(Analysis 2.3).

b. Change in FVC (%predicted)

i. At less than or equal to one month

No studies of unsupervised exercise training assessed or reported
on change in FVC at less than or equal to one month.

ii. Over one month up to six months

In one study, at three- to six-months follow up there was no differ-
ence in change in the FVC for activity counselling and exercise ad-
vice compared to no intervention control, MD 0.5% (95% CI -4.3 to
5.3%) (P = 0.837) (Hebestreit 2010).

iii. At over six months

A significantly greater annual rate of decline in FVC was seen in the
control group of the Schneiderman-Walker study when compared
to a three-year home exercise programme group, MD 2.17% (95%
CI 0.47 to 3.87%) (Schneiderman-Walker 2000) (Analysis 2.4).

In the Hebestreit study, for activity counselling and exercise advice
there was no difference in change in FVC when compared to a no
intervention control group at 12 months, MD 2.71 % (95% CI -4.36 to
9.78 %) (Hebestreit 2010), however at 18 to 24 months the activity
counselling and exercise advice group had significantly greater im-
provement in FVC compared to the no intervention control group,
MD 6.06 % (95% CI 0.43 to 11.69 %) (P = 0.036).

c. Change in FEF25-75 (%predicted)

Outcomes for FEF25-75 were only reported at over six months

in a single study of unsupervised exercise training (Schneider-
man-Walker 2000).

i. At less than or equal to one month

No studies of unsupervised exercise training assessed or reported
on change in FEF25-75 at less than or equal to one month.

ii. Over one month up to six months

No studies of unsupervised exercise training assessed or reported
on change in FEF25-75 at one to six months.
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iii. At over six months

In one study, a greater annual rate of decline in FEF25-75 was seen in

the control group when compared to a home exercise programme
group, but the difference was not significant, MD 0.80% (95% CI
-2.20 to 3.80%) (Schneiderman-Walker 2000) (Analysis 2.5).

3. Adverse outcomes

No adverse outcomes were reported in any studies of unsupervised
exercise training.

4. Body composition

One study of unsupervised exercise training assessed and reported
outcomes for body composition (Hebestreit 2010). Raw data sup-
plied by the study authors was used to assess this outcome.

a. At less than or equal to one month

No studies of unsupervised exercise training assessed or reported
on body composition at less than or equal to one month.

b. Over one month up to six months

Hebestreit reported significant improvements in lean body mass
(kg) favouring participants who received activity counselling and
exercise advice compared to the control group with no intervention
at three-month and six-month follow up (Hebestreit 2010): three
months, MD 1.76 kg (95% CI 0.97 to 2.55 kg); six months, MD 2.16 kg
(95% CI 0.55 to 3.77 kg) (Analysis 2.6).

However, for skin-fold measurement (mm, across four sites) the re-
sults for three and six months were not statistically significant: at
three-months follow up, MD -0.47 mm (95% CI -4.42 to 3.48 mm);
at six-months follow up, MD -2.54 mm (95% CI -6.70 to 1.62 mm)
(Analysis 2.7).

c. At over six months

Hebestreit found no significant difference in lean body mass (kg):
at 12 months, MD 1.88 kg (95% CI -0.13 to 3.89 kg); at 18 months, MD
1.77 kg (95% CI -0.80 to 4.34 kg); and at 24-months follow up, MD
1.28 kg (95% CI -1.43 to 5.07 kg) (Analysis 2.6).

Hebestreit found a significant difference in skin fold measurements
(mm, across four sites) between participants who received activity
counselling and exercise advice compared to no intervention con-
trol at 12-months follow up, MD -5.54 mm (95% CI -10.86 to -0.22
mm) (Analysis 2.7). However, the results at the remaining time-
points were not significant: at 18-months follow up, MD -5.03 mm
(95% CI -10.74 to 0.68 mm); and at 24-months follow up, MD -6.94
mm (95% CI -14.02 to 0.14 mm) (Analysis 2.7).

5. Change in bone mineral density (defined on DXA scans)

Bone mineral density was not measured or reported in any of the
studies of unsupervised exercise training.

6. Adherence to intervention

Adherence to the intervention programme was described in two
studies of unsupervised exercise training (Hebestreit 2010; Schnei-
derman-Walker 2000).

a. At less than or equal to one month

No studies of unsupervised exercise training assessed or report-
ed on adherence to the intervention at less than or equal to one
month.

b. At over one month up to six months

No studies of unsupervised exercise training assessed or reported
on adherence to the intervention at one to six months.

c. At over six months

A grading system of 0 to 2 (0 indicating poor compliance; 1 indi-
cating partial compliance; 2 indicating full compliance) was used
by exercise physiologists overseeing the three-year home exercise
programme (Schneiderman-Walker 2000). Mean (SD) scores for ex-
ercise compliance in the intervention group did not change across
the three years of the study (year 1: 1.51 (0.55); year 2: 1.51 (0.60);
year 3: 1.49 (0.62)).

Hebestreit identified under-reporting, or insufficient compliance
with physical activity participation following activity counselling
and exercise advice (Hebestreit 2010). This presents a possible ex-
planation for increases in physical activity participation not reach-
ing the prescribed target of three hours per week. Participants in
the activity counselling and exercise advice group had a self-report-
ed increase in vigorous physical activity of 2.16 hours per week.

7. Compliance with other CF treatments

a. At less than or equal to one month

No studies of unsupervised exercise training assessed or reported
on compliance with other CF treatments at less than or equal to one
month.

b. Over one month up to six months

No studies of unsupervised exercise training assessed or reported
on compliance with other CF treatments at one to six months.

c. At over six months

Compliance with other CF treatments was reported in one study
(Schneiderman-Walker 2000). Compliance with prescribed physio-
therapy regimen was graded 0 to 2 (0 indicating poor compliance;
1 indicating partial compliance; 2 indicating full compliance) and
scored by the exercise physiologists administering the interven-
tion. Information regarding physiotherapy compliance was provid-
ed subjectively by the patient, and their parent when necessary, in
order for a score to be given. Mean scores for compliance with phys-
iotherapy routines were lower than compliance scores for exercise
participation, but were not significantly different between the exer-
cise group (year 1 physiotherapy compliance mean score: 0.69) and
the control group (year 1 physiotherapy compliance mean score:
0.95). Measures of variability were not reported for physiotherapy
compliance scores.

8. Cost evaluation

Cost evaluation was not assessed or reported in any of the studies
of unsupervised exercise training.
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D I S C U S S I O N

Summary of main results

This systematic review aimed to examine the effect of interventions
designed to promote physical activity participation in people with
CF. A search of the literature identified 15 potentially relevant stud-
ies, of which only four met the inclusion criteria. All four included
studies, providing data on 199 participants, assessed the effect of
an exercise programme on participation in physical activity. None
of the included studies were primarily designed to increase partic-
ipation in physical activity, but rather assessed the effect of the ex-
ercise training intervention on outcomes including participation in
physical activity.

The effects of the interventions were varied, and most evident with
longer-term follow up. Inpatient, supervised aerobic training and
resistance training did not result in significant changes in partici-
pation in physical activity at one month post-discharge (Selvadurai
2002), nor did supervised anaerobic training at three-month follow
up (Klijn 2004). Six months of unsupervised exercise training fol-
lowing activity counselling and exercise advice had no effect on vig-
orous physical activity participation compared to a control group
with no intervention when assessed at three to six months and 12-
months follow up (Hebestreit 2010). There was, however, a signifi-
cant improvement in activity participation at 18- to 24-months fol-
low up, MD 1.63 hours per week (95% CI 0.02 to 3.24 hours per week)
(Hebestreit 2010). Physical activity participation was also signifi-
cantly greater in a home exercise programme group compared to
a control group with no intervention at the end of each year over
three years of follow up (year one (P = 0.06), year two (P = 0.006)
and year three (P = 0.01)) (Schneiderman-Walker 2000). These re-
sults indicate that exercise training strategies of longer duration
(greater than six months), and those that require self-directed be-
haviours, may have more impact on physical activity participation
than short-term, supervised interventions. Furthermore, that dura-
tion of follow up may be an important factor in assessing interven-
tions to promote physical activity with improvements in physical
activity participation only being evident when outcomes were mea-
sured at or after 12 months.

Type and duration of exercise training interventions had inconsis-
tent effects on exercise capacity and physical activity participation.
Inpatient, supervised, aerobic training had a positive short-term
influence on exercise capacity at one-month follow up post-dis-
charge when compared to a control group with no physical train-
ing, but no influence on physical activity participation (Selvadurai
2002). Likewise, 12 weeks supervised anaerobic training improved
exercise capacity compared to no training at the completion of the
intervention period without concomitant changes in physical ac-
tivity participation (Klijn 2004). Differences in exercise capacity fol-
lowing 12 weeks supervised anaerobic training were no longer evi-
dent at three month follow up. Whether changes in exercise capaci-
ty resulting from supervised inpatient aerobic training, or improve-
ments in physical activity participation would become evident at
longer-term follow up is unknown.

The studies in this review suggest that changes in physical activity
participation do not always occur simultaneously with changes in
exercise capacity. Six months of activity counselling and exercise
advice produced significant differences in change in VO2 peak be-

tween the intervention group and a no intervention control group
at three- to six-months and 18- to 24-months follow up (Hebestreit

2010), however, improvement in physical activity participation was
only seen concurrently at 18 to 24 months post intervention. Mean-
while a three-year home exercise programme found no difference
in annual rate of decline in VO2peak when compared to a no inter-

vention control group, but did result in significant improvements in
diary reports of activity participation when compared to the no in-
tervention control group (Schneiderman-Walker 2000). The incon-
sistent nature of the relationship between changes in exercise ca-
pacity and changes in physical activity participation, suggests that
inferences regarding physical activity participation can rarely be
determined based on exercise capacity alone, and vice versa. The
only intervention with a significant effect on both exercise capac-
ity and physical activity participation, and only at a single time-
point, was six months of activity counselling and exercise advice
compared to a no intervention control when assessed at 18 to 24
months. It is unclear why this effect was not evident at other time-
points, or for other interventions. There is insufficient evidence to
draw conclusions on the relationship between exercise capacity
and physical activity participation, and how any such relationship
may influence the type, duration and follow-up period of interven-
tions to promote physical activity participation.

Included studies reported limited effects of the interventions on
QOL outcomes. Included studies reported effects on QOL that were
unclear (Klijn 2004), inconsistent across time points (Hebestreit
2010) or too small to be clinically meaningful (Selvadurai 2002).
Only one study reported an improvement in a single domain of
QOL with a concurrent improvement in physical activity participa-
tion (Hebestreit 2010). This effect was only seen at a single assess-
ment time-point, and was not found in any other studies where
the effect of an exercise training programme may have resulted in
an improvement in QOL or physical activity participation, but not
both at the same time. In contrast, exercise training undertaken as
pulmonary rehabilitation in people with chronic obstructive pul-
monary disease (COPD) achieves both large and clinically impor-
tant changes in QOL (Lacasse 2006). This may suggest it is more dif-
ficult to achieve changes in QOL in a complex, multi-system disease
like CF with a singular mode of intervention (i.e. exercise training),
than in other respiratory diseases. Additionally, it will be important
to elucidate which elements of an activity counselling and exercise
advice programme lends itself to simultaneously improve QOL and
physical activity participation to see if this effect can be replicated
at other time-points, or when combined with other interventions.

Overall completeness and applicability of evidence

The included studies had intervention periods of variable length,
ranging from 18 days (Selvadurai 2002) to three years (Schneider-
man-Walker 2000). The follow-up periods ranged from short term
(one month) to long term (three years). Predominantly, the includ-
ed studies were conducted solely with paediatric participants. On-
ly one study had a combined cohort of adult and paediatric partic-
ipants (Hebestreit 2010). The included studies in this review com-
prised a relatively young (maximum mean age 19.5 years) CF pop-
ulation, with only mild to moderate CF lung disease. Consequent-
ly, whether the results of this review are applicable to older peo-
ple with CF, and those with more severe lung disease, can not be
stated with certainty. The included studies were conducted in both
hospitalised patients receiving intravenous antibiotics, as well as in
outpatients. The effect of respiratory exacerbations, or fluctuating
health status over longer follow-up periods, e.g. one to three years,
on the reported results of physical activity participation is not clear.
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The intervention strategies to promote participation in physical ac-
tivity were all exercise training programmes. Only one study spec-
ified the exact nature of the exercises which constituted the train-
ing programme (available as an online supplement (Klijn 2004).
Basic details of activity counselling and exercise advice were de-
scribed (Hebestreit 2010) as was the development of a home exer-
cise programme (Schneiderman-Walker 2000). However, strategies
known to effect change in physical activity behaviour, such as mo-
tivational interviewing, were not described (Brodie 2005). It is un-
clear whether the inclusion of such strategies would have produced
greater improvements in physical activity participation when cou-
pled with the chosen intervention.

No studies were identified which investigated strategies other than
exercise training programmes for their impact on participation in
physical activity. It should be considered that other strategies, such
as psychological interventions, print material or telemedicine ap-
plications, may also have an effect on physical activity participation
in this population. More evidence is needed in this important area.

Quality of the evidence

There are limited RCTs addressing physical activity participation in
people with CF. The quality of the four included studies in this re-
view was graded according to the standardised risk of bias tool as
described in the Cochrane Handbook of Systematic Reviews of In-
terventions (Higgins 2011). As a result of limitations to reporting, it
was difficult to accurately determine study quality. Given that all of
the included studies involved exercise training interventions, dou-
ble blinding was impracticable. Blinded assessors were identified
for only one outcome in one study (Schneiderman-Walker 2000).
For the remaining outcome measures in this study, and for the re-
maining three studies, it is unclear what impact this may have had
on outcome assessment. The inability to pool data for quantitative
analysis of the primary outcomes underscores the limited evidence
for exercise training programmes to promote participation in phys-
ical activity in people with CF.

Potential biases in the review process

Any type of physical activity measure was included in this review.
This may pose a source of bias when comparing the results across
studies, as some methods of physical activity assessment are more
objective than others. For example, subjective physical activity as-
sessment using questionnaires or activity diaries can have reduced
accuracy given the need to rely upon participant (or caregiver) re-
call of events to provide information (Bradley 2010). Whilst ob-
jective measures of participation in physical activity, such as ac-
celerometers or video observation, provide detailed information
on participant movement; they are expensive and require technical
expertise to operate, and may pose questions regarding inter-de-
vice variability (Bradley 2010). Futhermore, data obtained from ob-
jective measurement devices will be influenced by the type of mon-
itor chosen, where on the body the monitor is worn, and the num-
ber of days over which activity data are collected (Trost 2005).

Agreements and disagreements with other studies or
reviews

A current Cochrane Review indicates there are positive effects on
health-related outcomes such as blood glucose control, bone min-
eral accretion and potentially clearance of pulmonary secretions
associated with physical training for individuals with CF (Bradley
2008), however, the impact of this training on physical activity par-

ticipation was not considered. A Cochrane Review of strategies to
promote physical activity participation in adults without pre-exist-
ing medical conditions identifies that counselling and support by
a professional can encourage increased participation in the short
to medium term (Foster 2005). Meanwhile, a meta-analysis of inter-
ventions to promote physical activity in adults with chronic illness
identified supervised exercise to be no more effective than educa-
tion or motivational sessions, and that the greatest intervention
effect was seen in education interventions which solely targeted
physical activity (Conn 2008). This current review is the first to eval-
uate the impact of clinical interventions on participation in physi-
cal activity for people with CF.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

From this review, it is difficult to draw strong conclusions regarding
the most effective strategies for promoting participation in physical
activity in people with CF. Only a small number of randomised con-
trolled studies have investigated interventions to promote physi-
cal activity in this group. All included studies investigated exercise
training with no evaluation of the strategies that have been found
to be effective in other populations (Eakin 2007; van Sluijs 2007;
Vandelanotte 2007). The outcomes reported were variable and we
were not able to calculate any pooled effects. In addition, the in-
cluded studies were undertaken in relatively young people with CF,
without severe disease. This review provides very limited evidence
that activity counselling and exercise advice to undertake a home
exercise programme, conducted over at least six months, may re-
sult in improved participation in physical activity by people with CF,
when assessed in the longer term. The length of follow up required
to see benefit in terms of participation in physical activity may have
implications with regards to participant motivation and adherence.

Implications for research

This review has only identified studies using exercise training to
promote participation in physical activity in people with CF. Further
research is needed to assess the effect of other strategies, which
may include the use of print material, health coaching or telemed-
icine applications, on promoting the uptake and adherence to reg-
ular physical activity participation in this population. The use of
the Internet to promote physical activity in a variety of adult pop-
ulations, including those who are healthy, diabetic or overweight
and those with physical disability, was found to have a small ef-
fect size (mean 0.44) with better outcomes achieved when there
were at least five communications (e.g. email) with participants and
when the intervention was of shorter duration (up to three months)
(Vandelanotte 2007). In healthy adults, and those with chronic con-
ditions, telephone interventions were effective in increasing phys-
ical activity participation, particularly when the intervention pe-
riod ranged from six to 12 months, and included at least 12 tele-
phone calls (Eakin 2007). In children and adolescents there is strong
evidence that school-based interventions, which include family or
community involvement, effectively promote physical activity par-
ticipation (van Sluijs 2007). Future research might focus on identi-
fying whether similar or alternative strategies are effective in pro-
moting participation in physical activity for different groups with-
in the CF population, such as males compared to females, children
compared to adults, and severe CF lung disease compared to mild
or moderate disease.
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Characteristics of included studies [ordered by study ID]

 

Methods Randomised controlled study (60% allocation to intervention group); 1-year intervention period, 2-year
follow up. Multicentre (3 German CF centres).

Participants 38 paediatric and adult CF patients. Intervention group n = 23, Control group n = 15.

Participants recruited in outpatient setting from 1 of 3 German CF centres (Hannover, Wurzburg, Frank-
furt).

Mean (SD) age: Intervention group 19.5 (6.4) years; Control group 19.4 (5.3) years.

No significant difference between groups at baseline in terms of spirometry (FEV1 % predicted, Inter-

vention group 69.1 (17.2); Control group 75.6 (21.9)), participant gender or age.

Interventions Intervention Group
Participants in the intervention group agreed to increase physical activity by a minimum 3 hours/week
for the first 6 months of the study. Participants received in-person counselling with an exercise special-
ist at baseline, 3 months and 6 months. An individualised exercise plan was devised for each partici-
pant in the intervention group based on exercise test outcome and clinical data, as well as patient pref-
erence for activity. Participants in the intervention group received fortnightly phone consults for the
first 6 months of the study to check on activity behaviour and offer additional help if required.

Control Group

Participants in the control group were instructed to keep their physical activity level constant for the
1st 12 months of the study. During the 2nd year of the study, control participants were able to change
their physical activity behaviour if they wished.

Outcomes Outcomes assessed at 3, 6, 12, 18 and 24 months.

Vigorous physical activity: hours/week - self reported.

Physical activity participation: hours/week - Actigraph accelerometer count measured over 7 days
(completed at 6-month time-point only).

QOL: CFQ14+ - German CF Questionnaire.

Exercise capacity (VO2 peak): ml/kg/min - highest VO2 achieved over 30 seconds during a continuous

incremental cycle test.

Work max: w/kg - power maintained during 1-minute of last stage completed of incremental exercise
test.

Muscle power: peak power (PP) and mean power (MP) determined via Wingate test.

Lean body mass: kg.

Skin fold thickness: mm - sum of 4 measurements.

Body fat %.

Pulmonary function: FEV1 % predicted; FVC % predicted; RV/TLC % predicted.

Notes Results presented for baseline, 3 - 6 months, 12 months and 18 - 24 months follow up.

Risk of bias

Hebestreit 2010 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Recuited participants drew a folded paper ticket indicating their group ran-
domisation.

Allocation concealment
(selection bias)

Low risk Participant randomisation occurred by the drawing of a folded paper ticket
from an opaque bag. The ticket was destroyed following removal.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Participants and personnel aware of group allocation, the nature of the inter-
vention would make this type of blinding difficult.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Unknown if outcome assessments performed by blinded personnel. Activi-
ty participation via accelerometry and skin-fold measures likely subjected to
minimal assessment bias. Assessment of QOL and exercise capacity could be
open to bias.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Fewer than 15% of assessed participants were excluded and withdrawals were
described and time point indicated. At 24-month follow-up the dropout rate
was 26%. Intention-to-treat analysis was not performed.

Selective reporting (re-
porting bias)

Unclear risk Outcome measures reported as outlined.

Data only presented for the QOL category where there was significant change.

Only numerical data presented for spirometry parameter where a change was
seen.

Results of activity intensity (HR recording) was not presented due to compli-
ance being too poor to gain valid data (communication from author).

Other bias Unclear risk Participants in the intervention group were offered logistic and financial sup-
port, if needed, to foster the realisation of the activity programme.

Hebestreit 2010  (Continued)

 
 

Methods Randomised controlled study.

Participants 23 children with CF with a stable clinical condition (no requirement for oral or IV antibiotics in the 3
months preceding study testing; FEV1 >30%; absence of musculoskeletal disorders).

Interventions Intervention Group

Intervention group participants received individual anaerobic training, supervised by a physiothera-
pist. 2 sessions per week for 12 weeks.

Control Group

Contol group participants were asked not to change their normal daily activities.

Outcomes Body composition: fat-free mass; body weight (kg); BMI.

Pulmonary function tests (% predicted): FEV1; FVC; FEF25-75; RV/TLC.

Peripheral muscle strength (isometric muscle force): presented as the total maximal muscle force (i.e.
summed maximal force in all 4 muscle groups assessed).

Klijn 2004 

Interventions for promoting physical activity in people with cystic fibrosis (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

23



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Anaerobic performance: Wingate anaerobic test (WanT) (mean power and peak power presented).

Aerobic performance: standard, incremental progressive exercise test (bike) (VO2 peak - ml/kg/min).

Lactate: via blood sample drawn 3 minutes after peak aerobic exercise (mmol/L).

Daily physical activity: Habitual Activity Estimation Scale (HAES). Total percentage of time active pre-
sented.

QOL: CF questionnaire (CFQ).

Notes 3 children withdrew - results of remaining 20 participants presented.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Low risk Use of concealed envelopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Participants and physiotherapists conducting exercise training sessions aware
of group allocation, the nature of the intervention would make this type of
blinding difficult.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk The paper notes that the primary researcher was blinded to group allocation,
however, it is unclear whether this researcher undertook the outcome assess-
ments.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 3 dropouts are reported (1 from the treatment group, 2 from the control
group). There was no intention-to-treat analysis.

Selective reporting (re-
porting bias)

Unclear risk Access to the protocol was unavailable. Results are presented for only one do-
main on the QOL assessment.

Other bias Unclear risk The discussion section of the paper states "participants were asked not to
change their activity level during the study period", however the means by
which this was instructed and the proposed effect are not stated in the meth-
ods of the paper.

Klijn 2004  (Continued)

 
 

Methods Randomised controlled study. 3-year follow-up period.

Participants 65 children with CF recruited in outpatient setting. Intervention group n = 30, Control group n = 35.

Unkown proportion male to female participants.

Participants recruited from the CF clinic at the Hospital for Sick Children in Toronto, Canada.

Age range: 7 - 19 years.

Intervention Group: FEV1 % pred mean (SD) 89.2 (19.5); FVC % pred 92.6 (15.7); FEF25-75 %pred 76.3

(31.2). Lean body mass 38.2 (13.1) kg. Schwachman score (/100) 89.2 (9.1). VO2max 40.6 (7.6) ml/kg/min.

Schneiderman-Walker 2000 
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Control Group: FEV1 % pred mean (SD) 87.9 (17.8); FVC % pred 90.1 (12.9); FEF25-75 % pred 72.9 (29.2).

Lean body mass 34.1 (11.1) kg. Schwachman score (/100) 87.7 (9.5). VO2max 40.7 (7.9) ml/kg/min.

Interventions Intervention Group
Participants in the intervention group were directed to participate in their preferred aerobic activities
for 20 minutes on at least 3 occasions in a week (incorporating a warm-up and cool-down period). Par-
ticipants received 1, in-person counselling session with an exercise physiologist to educate them as to
activity requirements for the study, and monitoring techniques. Monitoring techniques were reviewed
during clinic (each 12 - 16 weeks) and telephone consultations (each 4 - 6 weeks).

Control Group
Control group participants were requested to maintain their usual levels of physical activity.

Both intervention and control group participants recorded their physical activity in a diary each day
during the study period - recording date, activity type, duration and estimate of intensity.

Outcomes Outcomes assessed at yearly intervals after recruitment to the study.

Participation in physical activity: activity diary

Exercise capacity (VO2max): ml/kg/min - measured by cycle ergometry test using Godfrey protocol.

Wmax % predicted

Maximum HR: beats/min

MaxVE: L/min

VEmax/MVV: %/min

Pulmonary function: FVC % predicted; FEV1 % predicted; FEF25-75 % predicted; PEFR; MVV

Score of exercise compliance: range 0 - 2

Questionnaire on feasibility of implementing regular exercise programme.

CXR score: Brasfield score (/25)

Disease score: Schwachman score (/100)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were allocated to the home exercise programme group or con-
trol group using "computerised random number assignment" which was per-
formed by a statistician.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Participants and personnel aware of group allocation, the nature of the inter-
vention would make this type of blinding difficult.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Lung function outcome measure performed by blinded assessor. Unclear
whether exercise capacity outcome performed by blinded assessor.

Schneiderman-Walker 2000  (Continued)
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Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Dropouts accounted for (n = 7). Pulmonary function results available for all
participants - indicating similar results with intention to treat analysis as those
presented. Only results of participants who completed 2-years follow up pre-
sented (n = 65).

Selective reporting (re-
porting bias)

Unclear risk Physical, exercise and pulmonary function parameters presented as annual
rates of change. All outcome measures reported.

Other bias Low risk  

Schneiderman-Walker 2000  (Continued)

 
 

Methods Randomised controlled study. Inpatient study with follow up in the outpatient period.

Participants 66 children with CF admitted to the Royal Alexandra Hospital for Children for treatment of a pulmonary
exacerbation.

Aged 8 - 16 years.

Aerobic training group: n = 22 (9 male); mean (SD) age 13.2 years (2.0); body mass 37.9 kg (7.4); FEV1

56.8 % predicted (17.9); VO2 33.8 ml/kg/min (17.0); Strength 155 Nm (19); QOL 0.62 (0.28).

Resistance training group: n = 22 (10 male); mean (SD) age 13.1 years (2.1); body mass 38.1 kg (8.2);
FEV1 58.0 % predicted (16.8); VO2 34.2 ml/kg/min (17.8); strength 156 Nm (21); QOL 0.60 (0.26).

Control group: n = 22 (9 male); mean age (SD): 13.2 years (2.0); body mass: 38.5 kg (8.0); FEV1: 57.4

%predicted (17.3); VO2: 34.0 ml/kg/min (17.7); strength: 155 Nm (20); QOL: 0.62 (0.29).

Interventions Participants randomised to one of 3 groups: Aerobic training group (n = 22); Resistance training group
(n = 22); Control group (n = 22).

Aerobic training group: participants completed supervised aerobic activities for 5 sessions, each of 30-
minutes duration, for a week. Activities included treadmill running or stationary cycling at 70% of peak
HR. If required, supplemental oxygen to maintain oxygen saturation of at least 90% administered. If
dyspnoea scored reached 7 (modified 0 - 10 point Borg score) session ceased prior to 30-minutes.

Resistance training group: participants undertook upper and lower limb resistance exercises using
a non-isokinetic resistance machine with built-in graded incremental resistance dial. Load of 70% of
maximal subjective resistance established at commencement of each session. 5 sets of 10 repetitions
of each exercise completed. Supervised sessions 5 times per week were undertaken.

Control Group: participants undertook standard chest physiotherapy but did not attend exercise train-
ing sessions.

Outcomes Outcomes assessed at admission (within 36 hours) and discharge from hospital, and 1-month post dis-
charge from hospital.

Weight: kg

Height: cm

Fat free mass: kg - using skin fold thickness from four sites.

Pulmonary function: FEV1 % predicted; FVC % predicted

Exercise capacity: VO2 - ml/kg/min; VCO2; V'E; RQ

Selvadurai 2002 
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Lower limb strength (Nm): non-dominant hamstring and quadriceps femoris strength measured using
an isokinetic Cybex dynamometer.

QOL: Quality of Well Being Scale* (administered on admission and 1-month post discharge only).

Physical activity participation: MJ/day - activity diary and accelerometer count over 1-week at 1-month
post discharge only.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Low risk Opaque envelopes used to conceal participant allocation order.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Participants and personnel aware of group allocation, the nature of the inter-
vention would make this type of blinding difficult.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated. Awareness of group allocation by outcome assessors could have
impacted upon exercise capacity testing, QOL measures and lung function
testing.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 66 children randomised - 2 participants missed some aspect of training ses-
sions. The paper states "none of the children were withdrawn from the study"
however the number of participants assessed at hospital discharge and one-
month post discharge is not specifically stated. It is assumed they continued
on to assessment based on the statement of no withdrawals.

Selective reporting (re-
porting bias)

Unclear risk Physical activity data completed by a subset of participants whom had previ-
ously undertaken equivalent assessment. All other outcome measures report-
ed.

Other bias Unclear risk Subset of participants who completed physical activity assessment had previ-
ously had their baseline levels of physical activity established as a part of an-
other study. The inclusion criteria for this alternate study were not stated.

Selvadurai 2002  (Continued)

CF: cystic fibrosis
CXR: chest X-ray
FEF25-75: forced expiratory flow from 25% to 75% of vital capacity

FEV1: forced expiratory volume at one second

FVC: forced vital capacity
HR: heart rate
kg: kilograms
Max HR: maximum heart rate (beats per minute)
MaxVE: maximum ventilation

MJ: mega-joules
MVV: maximum voluntary ventilation
Nm: Newton metres
PEFR; peak expiratory flow rate
QOL: quality of life
RQ: respiratory quotients
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RV: residual volume
SD: standard deviation
TLC: total lung capacity
VCO2:carbon dioxide production

V'E: minute ventilation
VO2: oxygen update (expressed in millilitres per kilogram of body weight per minute)

VO2max: maximum oxygen update

Wmax: maximum work capacity

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Bernard 2004 Not a randomised controlled study.

Gulmans 1999 Not a randomised controlled study.

Hind 2008 Not a randomised controlled study.

Kuys 2011 Focus on physiological outcomes of exercise intervention, not physical activity participation. Inpa-
tient study, no follow up in the outpatient period.

Moorcroft 2004 Focus on physiological outcomes of exercise intervention, not physical activity participation.

Orenstein 1981 Not a randomised controlled study.

Petrovic 2013 No assessment of physical activity participation

Sosa 2012 Focus on physiological outcomes of exercise interventions, no physical activity participation.

Swisher 2010 Not a randomised controlled study.

Tunzin 1998 Not a randomised controlled study.

van Doorn 2010 Not a randomised controlled study.

 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Randomised controlled study

Participants Children and adults with CF aged 6-47 years

Interventions High frequency chest wall oscillation versus PEP mask therapy

Outcomes Physical activity participation measured by Habitual Activity Estimation Scale (HAES)

Notes  

Alarie 2013 

 
 

Methods Randomised controlled study.

Marostica 2012 
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Participants Children and adolescents with CF aged 7 - 20 years.

Interventions Intervention (n = 17) (involved handing out a manual with guidelines for aerobic physical exercises
and reinforcing recommendations in contacts by phone every 2 weeks) versus control (n = 17).

Outcomes Spirometry, ergospirometry, nutritional parameters, quality of life domains (measured by the CFQ).

Notes  

Marostica 2012  (Continued)

CF: cystic fibrosis
CFQ: Cystic Fibrosis Questionnaire
 

 

D A T A   A N D   A N A L Y S E S
 

Comparison 1.   Supervised exercise training compared to no intervention

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Participation in physical activity (MJ/day) 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

1.1 Predominantly aerobic training (short-term
follow up ≦ 1 month)

1 31 Mean Difference (IV, Fixed, 95% CI) 1.20 [-0.47,
2.87]

1.2 Predominantly resistance training (short-
term follow up ≦ 1 month)

1 34 Mean Difference (IV, Fixed, 95% CI) 0.65 [-0.86,
2.16]

2 Change in quality of life 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

2.1 Predominantly aerobic training (short-term
follow up ≦ 1 month)

1 44 Mean Difference (IV, Fixed, 95% CI) 0.10 [0.03, 0.17]

2.2 Predominantly resistance training (short-
term follow up ≦ 1 month)

1 44 Mean Difference (IV, Fixed, 95% CI) 0.03 [-0.04,
0.10]

3 Change in exercise capacity (ml/kg/min) 2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

3.1 Predominantly aerobic training (short term;
end of intervention)

1 44 Mean Difference (IV, Fixed, 95% CI) 8.53 [4.85,
12.21]

3.2 Predominantly aerobic training (short-term
follow up ≦ 1 month)

1 44 Mean Difference (IV, Fixed, 95% CI) 4.91 [1.13, 8.69]

3.3 Predominantly anaerobic training (short-
term follow up; end of intervention)

1 20 Mean Difference (IV, Fixed, 95% CI) 2.1 [0.12, 4.08]

3.4 Predominantly resistance training (short-
term follow up; end of intervention)

1 44 Mean Difference (IV, Fixed, 95% CI) 1.95 [-1.61,
5.51]

3.5 Predominantly resistance training (short-
term follow up ≦ 1 month)

1 44 Mean Difference (IV, Fixed, 95% CI) -0.40 [-4.03,
3.23]

4 Change in FEV1 (% predicted) 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

4.1 Predominantly aerobic training (short-term
follow up; end of intervention)

1 44 Mean Difference (IV, Fixed, 95% CI) 2.03 [-2.31,
6.37]

4.2 Predominatly aerobic training (short-term
follow up ≦ 1 month)

1 44 Mean Difference (IV, Fixed, 95% CI) 1.53 [-2.93,
5.99]

4.3 Predominantly resistance training (short-
term follow up; end of intervention)

1 44 Mean Difference (IV, Fixed, 95% CI) 5.58 [1.34, 9.82]

4.4 Predominantly resistance training (short-
term follow up ≦ 1 month)

1 44 Mean Difference (IV, Fixed, 95% CI) 5.08 [0.66, 9.50]

5 Change in FVC (% predicted) 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

5.1 Predominantly aerobic training (short-term
follow up; end of intervention)

1 44 Mean Difference (IV, Fixed, 95% CI) 0.06 [-2.55,
2.67]

5.2 Predominantly aerobic training (short-term
follow up ≦ 1 month)

1 44 Mean Difference (IV, Fixed, 95% CI) -0.11 [-2.64,
2.42]

5.3 Predominantly resistance training (short-
term follow up; end of intervention)

1 44 Mean Difference (IV, Fixed, 95% CI) 0.17 [-2.31,
2.65]

5.4 Predominantly resistance training (short-
term follow up ≦ 1 month)

1 44 Mean Difference (IV, Fixed, 95% CI) 0.06 [-2.42,
2.54]

6 Change in fat-free mass (kg) 2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

6.1 Predominantly aerobic training (short-term
follow up; end of intervention)

1 44 Mean Difference (IV, Fixed, 95% CI) 0.01 [-0.19,
0.21]

6.2 Predominantly aerobic training (short-term
follow up ≦ 1 month)

1 44 Mean Difference (IV, Fixed, 95% CI) 0.04 [-0.19,
0.27]

6.3 Anaerobic training (short-term follow up;
end of intervention)

1 20 Mean Difference (IV, Fixed, 95% CI) -0.4 [-1.14, 0.34]

6.4 Anaerobic training (follow up between 1
and 6 months)

1 20 Mean Difference (IV, Fixed, 95% CI) 0.30 [-1.27,
1.87]

6.5 Predominantly resistance training (short-
term follow up; end of intervention)

1 44 Mean Difference (IV, Fixed, 95% CI) 1.80 [1.57, 2.03]

6.6 Predominantly resistance training (short-
term follow up ≦ 1 month)

1 44 Mean Difference (IV, Fixed, 95% CI) 1.71 [1.46, 1.96]
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Analysis 1.1.   Comparison 1 Supervised exercise training compared to
no intervention, Outcome 1 Participation in physical activity (MJ/day).

Study or subgroup Supervised training Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.1.1 Predominantly aerobic training (short-term follow up ≦ 1 month)  

Selvadurai 2002 15 12.8 (2.4) 16 11.6 (2.3) 100% 1.2[-0.47,2.87]

Subtotal *** 15   16   100% 1.2[-0.47,2.87]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.41(P=0.16)  

   

1.1.2 Predominantly resistance training (short-term follow up ≦ 1 month)  

Selvadurai 2002 18 12.3 (2.2) 16 11.6 (2.3) 100% 0.65[-0.86,2.16]

Subtotal *** 18   16   100% 0.65[-0.86,2.16]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.84(P=0.4)  

Favours control 52.5-5 -2.5 0 Favours training

 
 

Analysis 1.2.   Comparison 1 Supervised exercise training
compared to no intervention, Outcome 2 Change in quality of life.

Study or subgroup Supervised training Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.2.1 Predominantly aerobic training (short-term follow up ≦ 1 month)  

Selvadurai 2002 22 0.1 (0.1) 22 -0 (0.1) 100% 0.1[0.03,0.17]

Subtotal *** 22   22   100% 0.1[0.03,0.17]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.76(P=0.01)  

   

1.2.2 Predominantly resistance training (short-term follow up ≦ 1 month)  

Selvadurai 2002 22 0 (0.1) 22 -0 (0.1) 100% 0.03[-0.04,0.1]

Subtotal *** 22   22   100% 0.03[-0.04,0.1]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.9(P=0.37)  

Favours control 0.20.1-0.2 -0.1 0 Favours training

 
 

Analysis 1.3.   Comparison 1 Supervised exercise training compared to
no intervention, Outcome 3 Change in exercise capacity (ml/kg/min).

Study or subgroup Supervised training Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.3.1 Predominantly aerobic training (short term; end of intervention)  

Selvadurai 2002 22 7.3 (6.3) 22 -1.2 (6.2) 100% 8.53[4.85,12.21]

Subtotal *** 22   22   100% 8.53[4.85,12.21]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.55(P<0.0001)  

   

1.3.2 Predominantly aerobic training (short-term follow up ≦ 1 month)  

Selvadurai 2002 22 7.6 (6.8) 22 2.7 (6) 100% 4.91[1.13,8.69]

Favours control 105-10 -5 0 Favours training
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Study or subgroup Supervised training Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Subtotal *** 22   22   100% 4.91[1.13,8.69]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.55(P=0.01)  

   

1.3.3 Predominantly anaerobic training (short-term follow up; end of interven-
tion)

 

Klijn 2004 11 1.5 (2.6) 9 -0.6 (1.9) 100% 2.1[0.12,4.08]

Subtotal *** 11   9   100% 2.1[0.12,4.08]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.08(P=0.04)  

   

1.3.4 Predominantly resistance training (short-term follow up; end of interven-
tion)

 

Selvadurai 2002 22 0.7 (5.9) 22 -1.2 (6.2) 100% 1.95[-1.61,5.51]

Subtotal *** 22   22   100% 1.95[-1.61,5.51]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.07(P=0.28)  

   

1.3.5 Predominantly resistance training (short-term follow up ≦ 1 month)  

Selvadurai 2002 22 2.3 (6.3) 22 2.7 (6) 100% -0.4[-4.03,3.23]

Subtotal *** 22   22   100% -0.4[-4.03,3.23]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.22(P=0.83)  

Favours control 105-10 -5 0 Favours training

 
 

Analysis 1.4.   Comparison 1 Supervised exercise training compared
to no intervention, Outcome 4 Change in FEV1 (% predicted).

Study or subgroup Supervised training Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.4.1 Predominantly aerobic training (short-term follow up; end of interven-
tion)

 

Selvadurai 2002 22 6.5 (7.8) 22 4.5 (6.9) 100% 2.03[-2.31,6.37]

Subtotal *** 22   22   100% 2.03[-2.31,6.37]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.92(P=0.36)  

   

1.4.2 Predominatly aerobic training (short-term follow up ≦ 1 month)  

Selvadurai 2002 22 6.3 (7.9) 22 4.7 (7.2) 100% 1.53[-2.93,5.99]

Subtotal *** 22   22   100% 1.53[-2.93,5.99]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.67(P=0.5)  

   

1.4.3 Predominantly resistance training (short-term follow up; end of interven-
tion)

 

Selvadurai 2002 22 10.1 (7.4) 22 4.5 (6.9) 100% 5.58[1.34,9.82]

Subtotal *** 22   22   100% 5.58[1.34,9.82]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.58(P=0.01)  

   

Favours control 105-10 -5 0 Favours training
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Study or subgroup Supervised training Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.4.4 Predominantly resistance training (short-term follow up ≦ 1 month)  

Selvadurai 2002 22 9.8 (7.8) 22 4.7 (7.2) 100% 5.08[0.66,9.5]

Subtotal *** 22   22   100% 5.08[0.66,9.5]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.25(P=0.02)  

Favours control 105-10 -5 0 Favours training

 
 

Analysis 1.5.   Comparison 1 Supervised exercise training compared
to no intervention, Outcome 5 Change in FVC (% predicted).

Study or subgroup Supervised training Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.5.1 Predominantly aerobic training (short-term follow up; end of interven-
tion)

 

Selvadurai 2002 22 2.3 (4.6) 22 2.3 (4.2) 100% 0.06[-2.55,2.67]

Subtotal *** 22   22   100% 0.06[-2.55,2.67]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.04(P=0.96)  

   

1.5.2 Predominantly aerobic training (short-term follow up ≦ 1 month)  

Selvadurai 2002 22 2.2 (4.3) 22 2.3 (4.3) 100% -0.11[-2.64,2.42]

Subtotal *** 22   22   100% -0.11[-2.64,2.42]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.09(P=0.93)  

   

1.5.3 Predominantly resistance training (short-term follow up; end of interven-
tion)

 

Selvadurai 2002 22 2.5 (4.2) 22 2.3 (4.2) 100% 0.17[-2.31,2.65]

Subtotal *** 22   22   100% 0.17[-2.31,2.65]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.13(P=0.89)  

   

1.5.4 Predominantly resistance training (short-term follow up ≦ 1 month)  

Selvadurai 2002 22 2.4 (4.1) 22 2.3 (4.3) 100% 0.06[-2.42,2.54]

Subtotal *** 22   22   100% 0.06[-2.42,2.54]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.05(P=0.96)  

Favours control 42-4 -2 0 Favours training

 
 

Analysis 1.6.   Comparison 1 Supervised exercise training compared
to no intervention, Outcome 6 Change in fat-free mass (kg).

Study or subgroup Supervised training Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.6.1 Predominantly aerobic training (short-term follow up; end of interven-
tion)

 

Selvadurai 2002 22 0.6 (0.4) 22 0.6 (0.3) 100% 0.01[-0.19,0.21]

Subtotal *** 22   22   100% 0.01[-0.19,0.21]

Favours control 21-2 -1 0 Favours training
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Study or subgroup Supervised training Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=0.1(P=0.92)  

   

1.6.2 Predominantly aerobic training (short-term follow up ≦ 1 month)  

Selvadurai 2002 22 0.7 (0.4) 22 0.7 (0.4) 100% 0.04[-0.19,0.27]

Subtotal *** 22   22   100% 0.04[-0.19,0.27]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.34(P=0.73)  

   

1.6.3 Anaerobic training (short-term follow up; end of intervention)  

Klijn 2004 11 0.4 (0.6) 9 0.8 (1) 100% -0.4[-1.14,0.34]

Subtotal *** 11   9   100% -0.4[-1.14,0.34]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.05(P=0.29)  

   

1.6.4 Anaerobic training (follow up between 1 and 6 months)  

Klijn 2004 11 2 (2.3) 9 1.7 (1.2) 100% 0.3[-1.27,1.87]

Subtotal *** 11   9   100% 0.3[-1.27,1.87]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.37(P=0.71)  

   

1.6.5 Predominantly resistance training (short-term follow up; end of interven-
tion)

 

Selvadurai 2002 22 2.4 (0.5) 22 0.6 (0.3) 100% 1.8[1.57,2.03]

Subtotal *** 22   22   100% 1.8[1.57,2.03]

Heterogeneity: Not applicable  

Test for overall effect: Z=15.07(P<0.0001)  

   

1.6.6 Predominantly resistance training (short-term follow up ≦ 1 month)  

Selvadurai 2002 22 2.4 (0.5) 22 0.7 (0.4) 100% 1.71[1.46,1.96]

Subtotal *** 22   22   100% 1.71[1.46,1.96]

Heterogeneity: Not applicable  

Test for overall effect: Z=13.55(P<0.0001)  

Favours control 21-2 -1 0 Favours training

 
 

Comparison 2.   Unsupervised exercise training compared to no intervention

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Annual rate of change in exercise
capacity (ml/kg/min) (follow up > 6
months)

1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

2 Annual rate of decline FEV1 (% pre-

dicted) (follow up > 6 months)

1 65 Mean Difference (IV, Fixed, 95% CI) 2.01 [-0.06, 4.08]

3 Change in FEV1 (% predicted) 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

3.1 At 3-month follow up 1 35 Mean Difference (IV, Fixed, 95% CI) -0.75 [-6.10, 4.60]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

3.2 At 6-month follow up 1 35 Mean Difference (IV, Fixed, 95% CI) 2.42 [-5.42, 10.26]

3.3 At 12-months follow up 1 31 Mean Difference (IV, Fixed, 95% CI) -0.36 [-8.02, 7.30]

3.4 At 18-months follow up 1 33 Mean Difference (IV, Fixed, 95% CI) 5.66 [-2.88, 14.20]

3.5 At 24-months follow up 1 28 Mean Difference (IV, Fixed, 95% CI) -1.72 [-10.62, 7.18]

4 Annual rate of decline FVC (% pre-
dicted) (follow up > 6 months)

1 65 Mean Difference (IV, Fixed, 95% CI) 2.17 [0.47, 3.87]

5 Annual rate of decline FEF25-75 (%

predicted) (follow up > 6 months)

1 65 Mean Difference (IV, Fixed, 95% CI) 0.80 [-2.20, 3.80]

6 Change in lean body mass (kg) 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

6.1 At 3-months follow up 1 35 Mean Difference (IV, Fixed, 95% CI) 1.76 [0.97, 2.55]

6.2 At 6-months follow up 1 35 Mean Difference (IV, Fixed, 95% CI) 2.16 [0.55, 3.77]

6.3 At 12-months follow up 1 30 Mean Difference (IV, Fixed, 95% CI) 1.88 [-0.13, 3.89]

6.4 At 18-months follow up 1 31 Mean Difference (IV, Fixed, 95% CI) 1.77 [-0.80, 4.34]

6.5 At 24-months follow up 1 28 Mean Difference (IV, Fixed, 95% CI) 1.82 [-1.43, 5.07]

7 Change in skin fold measure (mm) 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

7.1 At 3-months follow up 1 35 Mean Difference (IV, Fixed, 95% CI) -0.47 [-4.42, 3.48]

7.2 At 6-months follow up 1 35 Mean Difference (IV, Fixed, 95% CI) -2.54 [-6.70, 1.62]

7.3 At 12-months follow up 1 30 Mean Difference (IV, Fixed, 95% CI) -5.54 [-10.86, -0.22]

7.4 At 18-months follow up 1 31 Mean Difference (IV, Fixed, 95% CI) -5.03 [-10.74, 0.68]

7.5 At 24-months follow up 1 28 Mean Difference (IV, Fixed, 95% CI) -6.94 [-14.02, 0.14]

 
 

Analysis 2.1.   Comparison 2 Unsupervised exercise training compared to no intervention,
Outcome 1 Annual rate of change in exercise capacity (ml/kg/min) (follow up > 6 months).

Study or subgroup Unsupervised training Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Schneiderman-Walker 2000 30 -1.8 (2.2) 35 -1.8 (2.5) 0.05[-1.1,1.2]

Favours control 10050-100 -50 0 Favours training
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Analysis 2.2.   Comparison 2 Unsupervised exercise training compared to no intervention,
Outcome 2 Annual rate of decline FEV1 (% predicted) (follow up > 6 months).

Study or subgroup Unsuper-
vised training

Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Schneiderman-Walker 2000 30 -1.5 (3.6) 35 -3.5 (4.9) 100% 2.01[-0.06,4.08]

   

Total *** 30   35   100% 2.01[-0.06,4.08]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.9(P=0.06)  

Favours control 10050-100 -50 0 Favours training

 
 

Analysis 2.3.   Comparison 2 Unsupervised exercise training compared
to no intervention, Outcome 3 Change in FEV1 (% predicted).

Study or subgroup Unsuper-
vised training

Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.3.1 At 3-month follow up  

Hebestreit 2010 20 -2.4 (10.5) 15 -1.7 (5.5) 100% -0.75[-6.1,4.6]

Subtotal *** 20   15   100% -0.75[-6.1,4.6]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.27(P=0.78)  

   

2.3.2 At 6-month follow up  

Hebestreit 2010 18 -1.4 (9.2) 17 -3.8 (13.9) 100% 2.42[-5.42,10.26]

Subtotal *** 18   17   100% 2.42[-5.42,10.26]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.6(P=0.55)  

   

2.3.3 At 12-months follow up  

Hebestreit 2010 17 -5.3 (13.4) 14 -4.9 (8.1) 100% -0.36[-8.02,7.3]

Subtotal *** 17   14   100% -0.36[-8.02,7.3]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.09(P=0.93)  

   

2.3.4 At 18-months follow up  

Hebestreit 2010 18 -5 (12.1) 15 -10.7 (12.7) 100% 5.66[-2.88,14.2]

Subtotal *** 18   15   100% 5.66[-2.88,14.2]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.3(P=0.19)  

   

2.3.5 At 24-months follow up  

Hebestreit 2010 15 -8 (10.6) 13 -6.2 (13.1) 100% -1.72[-10.62,7.18]

Subtotal *** 15   13   100% -1.72[-10.62,7.18]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.38(P=0.7)  

Favours [Control] 500250-500 -250 0 Favours [Intervention]
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Analysis 2.4.   Comparison 2 Unsupervised exercise training compared to no
intervention, Outcome 4 Annual rate of decline FVC (% predicted) (follow up > 6 months).

Study or subgroup Unsuper-
vised training

Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Schneiderman-Walker 2000 30 -0.2 (2.8) 35 -2.4 (4.2) 100% 2.17[0.47,3.87]

   

Total *** 30   35   100% 2.17[0.47,3.87]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.5(P=0.01)  

Favours control 52.5-5 -2.5 0 Favours training

 
 

Analysis 2.5.   Comparison 2 Unsupervised exercise training compared to no intervention,
Outcome 5 Annual rate of decline FEF25-75 (% predicted) (follow up > 6 months).

Study or subgroup Unsuper-
vised training

Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Schneiderman-Walker 2000 30 -3.1 (5.3) 35 -3.9 (7) 100% 0.8[-2.2,3.8]

   

Total *** 30   35   100% 0.8[-2.2,3.8]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.52(P=0.6)  

Favours control 52.5-5 -2.5 0 Favours training

 
 

Analysis 2.6.   Comparison 2 Unsupervised exercise training compared
to no intervention, Outcome 6 Change in lean body mass (kg).

Study or subgroup Unsuper-
vised training

Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.6.1 At 3-months follow up  

Hebestreit 2010 20 1.9 (1.3) 15 0.1 (1.1) 100% 1.76[0.97,2.55]

Subtotal *** 20   15   100% 1.76[0.97,2.55]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.35(P<0.0001)  

   

2.6.2 At 6-months follow up  

Hebestreit 2010 18 2 (2.7) 17 -0.2 (2.1) 100% 2.16[0.55,3.77]

Subtotal *** 18   17   100% 2.16[0.55,3.77]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.64(P=0.01)  

   

2.6.3 At 12-months follow up  

Hebestreit 2010 16 2.7 (3.2) 14 0.8 (2.5) 100% 1.88[-0.13,3.89]

Subtotal *** 16   14   100% 1.88[-0.13,3.89]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.83(P=0.07)  

   

Favours [control] 42-4 -2 0 Favours [experimental]
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Study or subgroup Unsuper-
vised training

Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.6.4 At 18-months follow up  

Hebestreit 2010 18 2.9 (4.4) 13 1.1 (2.9) 100% 1.77[-0.8,4.34]

Subtotal *** 18   13   100% 1.77[-0.8,4.34]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.35(P=0.18)  

   

2.6.5 At 24-months follow up  

Hebestreit 2010 15 3.5 (5) 13 1.7 (3.8) 100% 1.82[-1.43,5.07]

Subtotal *** 15   13   100% 1.82[-1.43,5.07]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.1(P=0.27)  

Favours [control] 42-4 -2 0 Favours [experimental]

 
 

Analysis 2.7.   Comparison 2 Unsupervised exercise training compared
to no intervention, Outcome 7 Change in skin fold measure (mm).

Study or subgroup Unsuper-
vised training

Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.7.1 At 3-months follow up  

Hebestreit 2010 20 -1 (6.2) 15 -0.5 (5.6) 100% -0.47[-4.42,3.48]

Subtotal *** 20   15   100% -0.47[-4.42,3.48]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.23(P=0.82)  

   

2.7.2 At 6-months follow up  

Hebestreit 2010 18 -2.6 (6.4) 17 -0.1 (6.2) 100% -2.54[-6.7,1.62]

Subtotal *** 18   17   100% -2.54[-6.7,1.62]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.2(P=0.23)  

   

2.7.3 At 12-months follow up  

Hebestreit 2010 16 -5.2 (6.6) 14 0.3 (8.1) 100% -5.54[-10.86,-0.22]

Subtotal *** 16   14   100% -5.54[-10.86,-0.22]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.04(P=0.04)  

   

2.7.4 At 18-months follow up  

Hebestreit 2010 18 -3.6 (7.4) 13 1.4 (8.4) 100% -5.03[-10.74,0.68]

Subtotal *** 18   13   100% -5.03[-10.74,0.68]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.73(P=0.08)  

   

2.7.5 At 24-months follow up  

Hebestreit 2010 15 -5.8 (9.1) 13 1.2 (9.9) 100% -6.94[-14.02,0.14]

Subtotal *** 15   13   100% -6.94[-14.02,0.14]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.92(P=0.05)  

Favours [Intervention] 105-10 -5 0 Favours [Control]
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A P P E N D I C E S

Appendix 1. Glossary

 

Physical activity Any bodily movement produced by the skeletal muscles that results in energy expenditure.

Exercise A component of physical activity. Exercise is planned and structured.

Intervention A treatment or therapy, in this instance aiming to increase participation in physical activity.

Pulmonary In relation to, or affecting, the lungs.

Secretions A substance produced by and discharged from a part of the body e.g. pulmonary secretions - a sub-
stance produced by the lungs.

Prognostic Relating to prognosis; predicting the likely outcome of a disease.

Suppurative The formation and/or discharge of pus e.g. suppurative lung disease - a disease process producing
pus in the lungs.

  (Continued)

 

Appendix 2. Search Strategy: CINAHL (EbscoHost)

 

1. randomized controlled trials. mh

2.  clinical trials. mh

3.  placebos. mh

4.  humans NOT animals

5. 1 or 2 or 3

6. 4 and 5

 

7. Cystic Fibrosis. mh

8. CF. tx

9. mucoviscidosis. ti, ab

10. 7 or 8 or 9

11. 6 and 10

 

12. physical activity. mh

13. physical fitness. mh

14. habitual N3 activity. ti, ab

15. exercise. mh

  (Continued)
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16. exertion. mh

17. sport. ti, ab

18. 12 or 13 or 14 or 15 or 16 or 17

19. 11 and 18

 

20. promot*. tx

21. uptake. tx

22. encourage. tx

23. increase. tx

24. start. tx

25. educat*. tx

26. program*. tx

27. 20 or 21 or 22 or 23 or 24 or 25 or 26

28. 19 and 27

 

 

.ab. denotes a word in the abstract;

.mh. denotes a CINAHL exact subject heading

.ti. denotes a word in the title.

.tx. Performs a keyword search of all the database's searchable fields

  (Continued)

 

Appendix 3. Search Strategy: MEDLINE (Ovid) & PsycINFO (Ovid)

 

1. randomized controlled trial. pt

2.  controlled clinical trial. pt

3.  randomized. ab

4.  placebo. ab

5.  randomly. ab

6.  trial. ab

7.  groups. ab

8.  1 or 2 or 3 or 4 or 5 or 6 or 7

 

9. cystic fibrosis or CF

10.  fibrocystic adj5 disease adj5 pancreas

  (Continued)
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11.  mucoviscidos$

12.  (cystic$ adj10 fibros$)

13.  9 or 10 or 11 or 12

14. 8 and 13

 

15. physical activity

16. physical fitness

17.  habitual adj3 activity

18. exercise

19. exertion

20. sport

21. 15 or 16 or 17 or 18 or 19 or 20

22. 14 and 21

 

23. promot$

24. uptake

25. increase

26. start

27. educat$

28. program$

29. 23 or 24 or 25 or 26 or 27 or 28

30. 22 and 29

  (Continued)

 

Appendix 4. Search Strategy: PEDro

 

Abstract and Title: Cystic Fibrosis

Problem: Reduced exercise tolerance

Sub discipline: Cardiothoracics

Abstract and Title:   Cystic Fibrosis

Therapy:                  Fitness training

Sub discipline:         Cardiothoracics

Abstract and Title:    Cystic Fibrosis

Therapy:                  Behaviour modification 

  (Continued)
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Sub discipline:         Cardiothoracics
  (Continued)
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