





Figure 3 Forest plot: lung function (FEV,). CF, cystic fibrosis.

reported a significant increase in FEV, or FVC (four
32 40 43 52 31 48 :

asthma, ’* two CF” ™°) and five studies reported an

. . 29 30 52 40 5

increase in PEF.> 0324052

Meta-analysis

Fifteen studies reported changes in FEV % predicted, 10
in children with asthma® ? 3 % 4243495254 41,4 5 in chil-
dren with CE*' 38468 Across all studies, the mean effect
size was small and non-significant (SMD=0.02, 95% CI -
0.38 to 0.42). Effect sizes for change in FEV, were similar
for children with asthma (SMD=0.06, 95% CI - 0.52 to
0.65) and CF (SMD=0.01, 95% CI - 0.44 to 0.47). The
corresponding forest plot can be found in figure 3.

Quality of life

QoL was assessed in 12 studies (6 asthma,
CF37-39 4440 8y All studies in children with asthma used
the PAQLQ, 2300404250 1, ¢hildren with CF, the CFQ*
or CFQ Revised (CFQ-R)** were used, with one excep-
tion (Quality of Wellbeing Scale).”® QoL improved in
8 out of 12 studies (4 in asthma,? 3030 4 CF%7 3 45 18)
The four studies in asthma showed statistically significant
irnprovement,29 303640 1\o studies in CF showed domain
specific significant improvement,?’7 ¥ one study in CF
showed significant improvement in the aerobic exercise
group but not in the resistance exercise groups*® and one
study in CF had a borderline non-significant statistical
improvement.45

29 30 36 40 42 50 6

Meta-analysis

The PAQLQ or the CFQ was used in eight studies, six
in children with asthma®’ * 345 311d two in children
with CE*** Across all studies, the mean effect size was
large and significant (SMD=1.27, 95% CI 0.72 to 1.82) in

favour of the intervention. Subgroup analyses revealed
large and significant effect sizes in favour of the inter-
vention in both children with asthma (SMD=1.33, 95%
CI 0.65 to 2.01) and children with CF (SMD=1.10, 95%
CI 0.16 to 2.04). The corresponding forest plot can be
found in figure 4. There was no correlation between
the SMD and the volume, intensity and duration of the
exercise training programme (r=-0.5 to 0.06) (online
supplementary file 2).

Muscular strength

Muscular strength was measured in six studies (two
asthma,40 9 four CF¥ #H 48) , using a variety of protocols
and indices including grip strength,”™ countermove-
ment jumps,40 number of sit ups,49 isometric muscle
force,” maximum weight for five repetitions (five RM)
for bench press, leg press and seated row™ * and isoki-
netic muscle strength of the quadriceps and hamstring.*®
Five studies (two asthma,40 ¥ three CF**® 48) reported
significant increases in muscular strength by measuring
grip strength,” countermovement jumps,” number of
sit-ups,” maximum weight for five repetitions (five RM)
for bench press, leg press and seated row'® or isokinetic
muscle strength of the quadriceps and halmstring.48 of
note, four additional studies assessed respiratory muscle
strength (two asthma,29  two CF™ 45), by determining
maximal inspiratory and/or expiratory pressure. Respira-
tory muscle strength improved significantly in three out
of the four studies (two asthma,?** one CF").

Inflammation
Inflammatory markers were measured in four studies
(three asthma,” *** one CF*). C reactive protein34 42 o
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Exercise Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Asthma
Andrade 2014 1.2 0.36 17 -0.1 0.26 10 16.4% 3.85 [2.49, 5.21) . TR
Basaran 2006 1.2 0.61 30 0.42 0.8 28 Not estimable
Fanelli 2007 215 1.65 17 0.6 1.45 21 22.0% 0.98 [0.30, 1.66) —
Latorre-Roman 2014 251 138 58 -0.17 1.55 47 Not estimable
Moreira 2008 0.61 0.49 17 0.45 0.62 17  22.0% 0.28 [-0.40, 0.96) = |
Silva 2013 0.8 0.78 15 0.1 0.97 15 Not estimable
Subtotal (95% CI) 51 48 60.4% 1.58 [-0.00, 3.16]  ——aEiE R
Heterogeneity: Tau® = 1.73; Chi’* = 21.27, df = 2 (P < 0.0001); I’ = 91%
Test for overall effect: Z= 1.96 (P = 0.05)
1.3.2CF
Santana-Sosa 2012 23.5 67.64 11  -29 82.91 11  20.6% 0.67 [-0.20, 1.53] T
Santana-Sosa 2014 78 SS 10 -1 35.89 10 19.0% 1.63 [0.59, 2.67] RS
Subtotal (95% CI) 21 21 39.6% 1.10 [0.16, 2.04] <
Heterogeneity: Tau® = 0.22; Chi* = 1.94, df = 1 (P = 0.16); I’ = 48%
Test for overall effect: Z= 2.30 (P = 0.02)
Total (95% CI) 72 69 100.0% 1.36 [0.42, 2.30] e
Heterogeneity: Tau® = 0.92; Chi* = 23.24, df = 4 (P = 0.0001); I’ = 83% _54 _52 5 25 i

Test for overall effect: Z = 2.83 (P = 0.005)
Test for subaroup differences: Chi* = 0.26. df = 1 (P = 0.61). I’ = 0%

Figure 4 Forrest plot: quality of life.

the most common blood parameter assessed and frac-
tional exhaled nitric oxide (FeNO),**® the most common
asthma biomarker. Other parameters were plasma cyto-
kines,” immunoglobulin E (IgE),” malondialdehyde,*
glutathione peroxidase (GSH-Px)** and superoxide
dismutase.” An improvement in inflammation was found
in two®* of the three studies in children with asthma,
which was shown by a statistically significant decrease in
FeNO* and mite-specific IgE* and significant increase
in GSH-Px."

DISCUSSION

The aim of this systematic review and meta-analysis was to
synthesise the available research investigating the effects
of exercise training in children with respiratory disease
related to asthma, CF, bronchiectasis or BPD. A total of
27 RCT’s were included in the systematic review; 17 were
on children with asthma and 10 studies involved chil-
dren with CF. Eighteen of those studies were moderate
to high quality. Importantly, no exercise training studies
involving children and adolescents with bronchiectasis
(or PCD) or BPD were identified. From these 27 studies,
24 were included in the meta-analysis. A large signifi-
cant mean effect size in favour of exercise was found for
cardiovascular fitness (VO2 peak) (SMD=1.16, 95% CI
0.61 to 1.70) and QoL (SMD=1.27, 95% CI 0.72 to 1.82)
as well as a small, non-significant mean effect size in lung
function.

A key finding from the present review was the absence
of studies evaluating exercise training in children with
respiratory diseases other than asthma or CF. Although
clinical guidelines for the treatment and manage-
ment of respiratory disease recommend exercise,” the
results highlight the need for exercise training studies
for other respiratory conditions, such as bronchiectasis
and BPD. Further research is needed to determine if
exercise training is equally beneficial for children with

Favours control Favours Exercise

bronchiectasis, BPD or other respiratory conditions and
whether generalised clinical guidelines for therapeutic
exercise in children with respiratory disease are justified.
In studies investigating children with asthma and CF,
there was considerable heterogeneity with respect to
the mode, frequency, intensity and duration of exercise
training. Frequency ranged from 1 to 7 sessions per week,
duration from 13 days to 3 years and the length of training
ranged from 10 to 90 min per session. The majority were
individually supervised sessions. The mode ranged from
single exercise modes such as running or cycling to ball
games, strength training and coordination. Some studies
offered strictly just one mode, while others combined
different modes and some studies offered a wide variety
of modes from which the patient could choose the most
favourable for him or her. The majority of sessions were
prescribed with little to no consideration for motivational
strategies appropriate for children, such as games. Even
though studies meeting the inclusion criteria consistently
reported significant improvements in cardiovascular
fitness and QoL, no relationship between intensity,
duration and volume of exercise training was observed.
The reasons for this may be the small number of studies
included in this analysis, the wide range of exercise mode
and inconsistency in frequency, duration and intensity.
Across studies, there was little consistency in the
primary outcomes and the methods used to assess the
outcomes, making it difficult to combine results in the
meta-analyses and to draw conclusions. For example,
five different measurement protocols were used to assess
cardiovascular fitness, resulting in five different metrics.
Due to this lack of consistency, it was not possible to
include all RCTs investigating cardiovascular fitness in
the meta-analysis. It would be preferable for the field to
adopt a consensus approach in relation to the preferred
metrics and measurement protocols for assessing cardio-
vascular fitness and other health outcomes in children
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with respiratory disease. This would improve compara-
bility between studies and strengthen the conclusions of
future systematic reviews.

Muscular strength and endurance are important
outcomes of exercise training as they facilitate physical
function and improve QoL.”" Six studies that evaluated
muscular strength were included, but because different
outcomes were measured, it was not possible to include
them in the meta-analysis. An earlier review of exercise
training studies conducted in patients with CF concluded
thatsignificantimprovements in strength can be achieved
through regular exercise training.”’ The conclusions
of our qualitative synthesis are in agreement with this
finding.

There is growing evidence that exercise has a positive

57-59 . . .
¥ Inflammation is a major

effect on inflammation.
contributor to disease in respiratory diseases. In patients
with CF, it leads to damage of lung tissue resulting in
higher susceptibility for new infections.” In asthma,
ongoing inflammation is associated with poorer clin-
ical outcomes.?! Therefore, investigating the effect of
exercise on inflammatory parameters in children with
respiratory disease is an important area of research.
The effect of exercise on inflammation was investigated
in only three studies, and although two reported an
improvement, it is not possible to draw a reliable conclu-
sion for this outcome. Studies differed in duration,
mode and frequency and examined different inflamma-
tory markers. Studies are needed investigating the same
inflammatory markers making it possible to combine
studies and to draw reliable conclusions on whether exer-
cise has an anti-inflammatory effect.

In summary, the results of this systematic review and
meta-analysis provide evidence that therapeutic exercise
significantly improves cardiovascular fitness and QoL in
children with respiratory disease related to asthma or CF.
A comparison of effect sizes for patients with asthma and
CF indicates that exercise has a larger effect on cardio-
vascular fitness for asthma than CF and a similar large
effect on QoL for both disease groups. No correlation
was observed between the magnitude of improvement
and the dose of training suggesting that more research
is needed to determine the optimal frequency, intensity
and duration of exercise training in this patient group.
In particular, future studies should evaluate the health
impacts of exercise training in children with respiratory
conditions other than asthma and CF, such as bronchiec-
tasis and BPD.
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