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1 | INTRODUCTION
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| Jordi Vilaré PhD?*3

Abstract

Background: Exercise and physical activity (PA) are essential components of the
care of cystic fibrosis (CF) patients. Lower PA levels have been associated with
worse pulmonary function, aerobic fitness, glycemic control, and bone mineral
density. Most people with CF do not engage in the recommended amounts of PA.
Objective: To determine the level of PA in children and adolescents with CF.
Methods: A systematic review with meta-analysis was conducted without language
restrictions in five databases. Were included studies that analyzed PA measured by
objective and subjective instruments in children and adolescents with CF. Two in-
dependent reviewers analyzed the studies, extracted the data, and assessed the
quality of evidence. The risk of bias of the included studies was assessed with the
National Heart, Lung, and Blood Institute's risk-of-bias tool.

Results: Of the 1535 reports returned by the initial search, 20 articles reporting on
785 patients were included in the data synthesis. The forest plot showed that the CF
group had a similar moderate-to-vigorous PA (MVPA) (mean difference, -7.79; 95%
Cl, -15.65 to 0.08 min/d; P =.05) and sedentary time (mean difference, -50.81; 95%
Cl, -109.96 to 8.35 min/d; P=.09) to the control group.

Conclusion: Children and adolescents with CF have a similar MVPA and sedentary
time compared to controls. There are many options, subjective and objective, for
assessing PA in this population. Optimal tool selection should guarantee more valid

results.
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complications in different systems, but the most common are in the
respiratory and digestive systems.”

Cystic fibrosis (CF) is an autosomal recessive disease involving mucus
and sweat-producing cells and affecting multiple organs, with the
lungs most severely affected. CF leads to death in 90% of patients.”
There are about 70000 cases worldwide, and approximately

1000 new cases are diagnosed each year.” People with CF have

Physical activity (PA) is defined as “any bodily movement pro-
duced by the contraction of skeletal muscles that results in a sub-

stantial increase in caloric requirements over resting energy

»3

expenditure.”” This includes movement related to activities of daily

living (ADL), work, and physical exercise.* The evaluation of PA is one
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of the most relevant variables that must be considered in both
healthy people and people with diseases since it allows changes to be
established after intervention.”

Exercise and PA are essential components in the care of patients
with CF.° Lower PA levels have been associated with worse pul-
monary function, aerobic fitness,’” glycemic control,® and bone mi-
neral density.” While the term “exercise” infers prescribed structured
activity with a specified intensity and duration, PA emphasizes ac-
tivity that is incorporated into daily life and encompasses a broader
range of options for being active.°

A high level of PA may lead to improved airway clearance by
increasing transepithelial fluid transport, vibration, and ventilation
and consequently may reduce or even prevent lung function decline
in CF patients.>*® Importantly, moderate to vigorous PA (MVPA),
recommended by the WHO, produces the most beneficial effects and
is associated with less decline in lung function and improved quality
of life.>** Understanding that PA is an independent variable in
physical capacity, we should promote more intense exercises for
children with CF that stimulate better aerobic capacity and lead to
greater survival.>>®

Unfortunately, the majority of young people with CF do not
engage in the recommended amounts of PA.*” PA among youth with
CF decreases during adolescence.’® Although the reasons for physi-
cal inactivity in the CF population are not entirely known, it is
thought that young people with CF face numerous barriers to PA
participation, such as low self-efficacy and competing time
demands.*”

There are different ways of evaluating PA: subjective, such as
using diaries or questionnaires, and objective, such as using accel-
erometers or indirect calorimetry.” The choice of the methods of
assessment depends on the availability of the instruments, and the
aim of clinical assessment. Our aim was to determine the level of PA

in children and adolescents with CF.

2 | METHODS
2.1 | Protocols and registration

We performed a systematic review using the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines.?’® The review was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) (CRD42020188603).

2.2 | Inclusion criteria

We included RCTs or observational studies (cross-sectional, long-
itudinal, case-control, and cohort) in children and adolescents of ei-
ther gender with a medical diagnosis of CF. The included studies
aimed to determine the levels of PA in patients with CF. Additionally,
the studies should have reported the MVPA, steps/d, sedentary time,

activity time, or a similar measure through the subjective or objective

instrument. We excluded all articles that did not follow the inter-
national guidelines for diagnosis of CF or combined different diseases
without sub-analysis.21 The main outcome is PA assessed as MVPA,

steps/d, and sedentary time.

2.3 | Search strategies and data resources

We reviewed the Embase, PubMed/MEDLINE, Web of Science,
CINAHL, and Cochrane Register of Clinical Trials (CENTRAL) data-
bases on 23 May 2020 and performed manual searches with the
followings terms: (a) for condition: cystic fibrosis OR mucoviscidosis;
(b) physical activity OR daily activity OR moderate-to-vigorous
physical activity OR MVPA OR steps OR pedometer OR accel-
erometer OR METs OR sedentary; (c) for population: children OR
adolescents OR pediatrics OR pediatrics OR infants. We imposed no
language or publication restrictions (Supporting Information file 1).

The terms selected were combined using Boolean logical op-
erators (OR, AND, NOT). Also, we did a manual search of the re-
ferences included in the selected articles. All references were

analyzed in Rayyan web software.?

2.4 | Reviewing procedure and data extraction

The article review was performed independently by investigators
experienced in meta-analysis and trained in literature review. First,
two investigators (RTC/LVC) reviewed the titles and abstracts of all
references. Studies deemed not relevant based on the review of the
title and abstract were excluded. A third reviewer (RAD) resolved
any disagreements. Second, the two investigators (RTC/LVC) read
the articles selected in the first step in the full-text versions and
checked the eligibility criteria again. The third reviewer (RAD) re-
solved any disagreements. Additional unpublished data were ob-

tained from the study authors where possible.

2.5 | Methodological quality assessment

The assessment of the methodological quality of the primary articles
was carried out using the quality assessment tools from the National
Heart, Lung, and Blood Institute (NHLBI).?® Each tool contains cri-
teria for evaluating internal validity and risk of bias. The criteria were

» o«

evaluated as “yes,” “no,” or “other” (not reported, not applicable, or
not determinable), and an overall rating was provided for each study
based on the items rated with an affirmative answer: 275% = good,
50 to 75% = fair, <50% = poor.

By mutual agreement, it was determined that in the Quality
Assessment Tool for Observational Cohort and Cross-Sectional
Studies, the following items were considered “not applicable” for
the articles with a cross-sectional design: 3, “Was the participation
rate of eligible persons at least 50%?”; 6, “For the analysis in this

paper, were the exposure(s) of interest measured before the
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outcome(s) being measured?”; 7, “Was the timeframe sufficient so
that one could reasonably expect to see an association between
exposure and outcome if it existed?”; 10, “Was the exposure(s) as-
sessed more than once over time?”; and 13, “Was loss to follow-up
after baseline 20% or less?”. Therefore, in this tool, a total of nine
items were counted evaluable for this design. Two authors carried
out this evaluation independently (RAD/HP), and the discrepancies
were resolved by consensus. For discrepancies that could not be
resolved, a third author (JV) was consulted.

2.6 | Data synthesis and analysis
We reported summaries of the association between the outcomes for

each study in terms of mean differences. We compared absolute
values. We obtained combined measures of effect for each primary

i)

outcome through meta-analysis under a random-effect model due to
the expected heterogeneity between studies.?* Statistical hetero-
geneity was measured through the 12 statistic and classified as low
(I? < 25%), moderate (I 25%-50%), or high (I* > 50%).°

3 | RESULTS
3.1 | Study selection

The flow chart of the study selection is shown in Figure 1. In the
initial search of the selected databases, 1535 potential studies were
identified. Of the 66 studies assessed as full-text, we excluded 30
studies for being abstract for meetings, five for having the wrong
study design, four for having the wrong population, three for pro-
tocol, two for incomplete data, one for duplicate data, and one for

Pubmed: 168
Embase:325
CINAHL:240
CENTRAL:241
Web of Science: 559
G
=
.g Records identified through Additional records identified
< database searching through other sources
= (n=1533) (n=2)
c
]
i)
\ ) Y A\ 4
Records after duplicates removed
(n=1117)
0o
£
c
§ v
L2 Records screened R Records excluded
(n=1117) g (n=1051)
) v
Full-text articles assessed Full-text articles excluded, with
= for eligibility reasons (n = 46)
z (n=66) Abstract for meetings (n = 30)
2 Wrong study design (n=5)
“ Wrong population (n=4)
¥ Protocol (n=3)
S Studies included in Incomplete data (n=2)
qualitative synthesis Wrong outcome (n=1)
(n=20) Duplicate data (n=1)
B v
-]
% Studies included in
£ guantitative synthesis
(meta-analysis)
(n=5)
——

FIGURE 1 PRISMA flowchart of the selection of studies [Color figure can be viewed at wileyonlinelibrary.com]
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having the wrong outcome. Finally, 20 studies fulfilled the criteria for

eligibility and were included in the review.

3.2 | Characteristics of included studies

11,17,26-35

Twelve studies were performed in North America, and eight in

Europe.®*** The designs were as follows: fourteen cross-sectional,?’28°1

404243 two longitudinal,>”*° and four of other designs.'>%”2¢41

3.3 | Participants

In total, 785 participants were enrolled in the included studies. The
sample size varied from 6°*° to 212" across studies.

3.4 | Methodological quality assessment

From the cohort and cross-sectional selected articles, only two (12.5%)
met 75% of the affirmative answers, earning a “good” rating. Twelve
(75%) affirmed 50% to 75%, qualifying as “fair,” and two articles (12.5%)
were rated as “poor.” Regarding this study design, the greater risk of
bias was mainly due to the justification of the sample size, the analysis
of differentiated by exposure levels, and a lack of blinded result eva-
luations. Regarding the evaluation of quality assessment in the con-
trolled intervention studies, both articles obtained a fair rating. For
studies with no control group, the articles met the items with affirma-
tive answers between 58.3% and 75.0%. The results of the quality as-
sessment of the individual studies according to the NHLBI quality

assessment tool are presented in Supporting Information file 2.

3.5 | Subjective measures

Nine studies used questionnaires,i1'28'31'33‘34'3"'37

and one study used a
diary®? to measure PA. The instruments used were the Habitual Activity
Estimation Scale (HAES),*?%° the original and modified versions of the
Modifiable Activity Questionnaire (MAQ),>*>* the interviewer-
administered checklist?>” the 30-day PA recall (PAR),>’ the physical
activity questionnaire (PAQ),** the one representative week ques-
tionnaire,* and the Modified Bouchard Activity Diary.>? Only four of
these studies compared CF children and adolescents with healthy
controls®**%; three authors did not find differences in PA outcomes
between the groups,*>***” and only one found less activity in metabolic

equivalents (METs) hour/week in CF children ** (Table 1).

3.6 | Objective measures

Eleven studies used objective instruments.*” 2427353743 Nine studies

used accelerometers®’?7:37-43

26,43

(Table 2), two studies used indirect

5

calorimetry, one study used doubly labeled water,®> and one

study used the flex heart rate method?® (Table 3). Seven studies
compared CF children with healthy controls.?¢>7-2942 Four authors
did not find differences,>”“°“? and three authors found lower PA

levels in CF patients.?¢°%3?

3.7 | Time of use of objective instruments

The time required as a minimum in the studies that used the accel-

17,39,40 37,42

erometer was 7 days,*>*® 5 days,*® 4 days, and 3 days.

3.8 | Differences by gender

Seven studies reported analyses by gender.'?830323637 Eoyr authors
did not find differences in PA between genders.”**°%*” Two authors
found differences in favor of males.'>?’ Selvadurai et al*? did not find
differences in habitual activity between prepubescent boys and girls with
CF. However the pubescent boys with CF were significantly more active

than girls with the same degree of disease severity.

3.9 | Outcome measures

The assessed outcomes were as follows: ten studies assessed the activity
levels classified by METs intensity as MVPA, VPA, sedentary time, or

17,27,28.30.33.37,39—42; six reported PA duration11.27.31,33.36,

similar 7. four
studies reported in METs,”?*%%%%” three studies reported in resting en-
ergy expenditure (REE) or total energy expenditure TEEZ**>“%; two
reported in accelerometer counts®?°%; one reported in a score of a

questionnaire®*; and one reported in joules.>?

3.10 | Main findings
3.10.1 | Primary outcomes

MVPA

Four studies examined PA according to MVPA *7374142 These stu-
dies compared 102 children and adolescents with CF to 178 healthy
controls. For the quantitative synthesis, we excluded the study of
Kilbride et al®” for not using min/day as the unit. In the selected
articles, the heterogeneity of the comparison was low (12 = 0%). The
forest plot showed that both groups had similar values (mean
difference, -7.79; 95% CI -15.65 to 0.08 min/d; P =.05) (Figure 2).

Sedentary time

Four studies examined the sedentary time in min/day.’”*? These
studies compared 92 participants with CF to 107 healthy controls.
The analysis found no significant differences. The forest plot showed
that both groups had similar values (mean difference, -50.81; 95% Cl
from -109.96 to 8.35; P =.09). The heterogeneity of the comparison
was high (I? = 86%) (Figure 3).
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Three authors reported measures dependent on energy
expenditure as REE or TEE.?**>%% Only two authors compared
with controls.?¢%> Tomezsko et al®® found no differences, and
showed that the energy cost of daily activities

was significantly lower in CF adolescents than in the controls.

Our results suggest that children and adolescents with CF
have MVPA and sedentary times similar to those of healthy controls.
The main instruments used were questionnaires and accelerometers.

The World Health Organization recommends a minimum of
60 min/d of MVPA to maintain cardiovascular health in children and
adolescents from 5 to 17 years, with a minimum of 30 min/d of at

least moderate intensity to obtain some benefits.***> In our results,
A17.37.39,41—43,

’

the majority of studies report insufficient levels of MVP,
however, this insufficiency is concordant with the general population.
These results may be important because it is accepted that high
levels of MVPA have a long-term protective effect on health.®

Healthy girls tend to have less PA than healthy boys. This difference
is also seen in children and adolescents with CF.?® One reason given for
this is that parents and teachers have lower expectations that girls
engage in regular PA than boys. This could result in an incentive for a
more inactive lifestyle for girls and promote a lifestyle that increases PA
for boys.””*® This difference is important because a more significant
decline in lung function has been noted in girls than in boys.*’

The literature shows that high levels of PA slow lung function
deterioration.’? Schneiderman et al' evaluated PA in 212 chil-
dren with CF over a period of 9 years, finding that lung function

declines more in those children who have less PA than estimated

Children with CF experience early alterations in the respiratory
system”’ that manifest in lung function measured through spirometry.
But these alterations are not significant in PA levels or physical capacity
compared to healthy children at an early age.*”>° This may be due to the
heterogeneity of the severities included in the studies, such as the fact
that the ventilatory reserve allows for a delay in the systemic manifes-
tations together with a peripheral muscular force maintained in the first
years of life.*” As children with CF grow and reach adulthood, physical
capacity measured with both the six-minute walk test and peak oxygen
consumption decreases, as does peripheral muscle strength.”*

Heterogeneity was observed in the use of an accelerometer. These
differences make it difficult to compare the results among studies. The
international guidelines recommend the use of the accelerometer for at
least 7 days for at least 10 h/d,>? only one author accomplished this.?’
Although all accelerometers have very similar operations based on
1-, 2-, or 3-axis displacement, the reported results were not the same.
3238 and others re-

ported MVPA 74142 This is understandable since the older accel-
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CF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% Cl Year IV, Random, 95% CI
Aznar 2014 44 28 47 54 15 39 71.8% -10.00[-19.29,-0.71] 2014 ——
Mackintosh 2018 553 38 18 561 279 18 13.1% -0.80[-22.58,20.98] 2018
Mackintosh 2019 589 369 21 622 303 22 151% -3.30[-23.53,16.93] 2019 — T
Total (95% Cl) 86 79 100.0% -7.79 [-15.65, 0.08] i
Heterogeneity: Tau®*= 0.00; Chi*=0.80, df= 2 (P = 0.67), F=0% =0 5 5 ¥ e

Test for overall effect: Z=1.94 (P = 0.05)

Favours [CF] Favours [control]

FIGURE 2 Forest plot for moderate to vigorous physical activity (MVPA) for cystic fibrosis children and adolescents and healthy pairs [Color

figure can be viewed at wileyonlinelibrary.com]

software was added that allows the user to immediately extract the
MVPA. However, it is unclear why the authors did not report the
number of steps/day, as that is widely used as an indicator of PA and is
provided by most of the accelerometers used in the selected studies.”

Boucher et al?®

, compared the levels of PA reported by children
and their parents. Activity level reported by children and adolescents
12 years of age and older was on average 24.1% (P < .05) higher than
that reported by their parents. This underestimation may be based
on expectation rather than direct observation. It might also be re-
lated to the amount of time spent together, which often decreases
during adolescence. Given that perceptions of activity decrease
during adolescence, the relatively high activity levels suggest that the
children's reports are closer to the real activity level.>®

The subjective evaluation of PA in CF patients can be estimated with
questionnaires that are easy and inexpensive to use. A variety of ques-
tionnaires allow different aspects of PA to be evaluated, such as quantity,
type, intensity, symptoms, and limitations in ADL. The most common
questionnaires used were HAES and MAQ.>*>° These tools are used to
extrapolate energy expenditure and the time and intensity of the PA
people report. They can be self-administered questionnaires completed
by the patient or guided by trained professionals. Most importantly, these
instruments must be specific, and their psychometric properties must be
validated.” Although the questionnaires are not the most reliable tool,

clinically, it may be sufficient to determine low levels of PA.

5 | POTENTIAL BIASES IN THE REVIEW
PROCESS

The systematic review process was rigorous. The review was pre-
ceded by the publication of a protocol with all review methods

described, and we did not change the methods. All review authors
were appropriately trained and had experience in review

preparation.

6 | COMPLETENESS OF EVIDENCE

We conducted a comprehensive search of the literature, including
full-text publications, without language restrictions or the use of
filters in the search strategy. As were included studies between 1970
and May 2020, it is unlikely that any may have been missed, given
that the publications of well-designed and protocolized PA assess-

ments began to appear in 1990.

7 | QUALITY OF EVIDENCE

This systematic review follows the standard methodology suggested for
systematic reviews, and its construct is in line with the recommenda-
tions of the PRISMA statement,”° with two independent review authors
assessing the inclusion criteria for the studies, extracting data, and as-
sessing the risk of bias of the included studies, thus reducing the risk of

performance bias in the review and data extraction errors.

8 | SOURCES OF HETEROGENEITY

We found low heterogeneity in MVPA among the study results (0%).
However, in the sedentary time, we found high heterogeneity (86%),
probably due to the different measurement periods, three versus 7
days. Another factor that can explain the high heterogeneity is the

CF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Aznar 2014 362 67 47 484 8BS 39 27.2% -122.00[154.84,-89.16] 2014 —=
Walker 2015 570 BB B B12 96 28 221%  -4200[10567, 21.67] 2015 —
Mackintosh 2018 539 65 18 851 87 18 24.4% -12.00 (6217, 3817] 2018 — .
Mackintosh 2019 5558 499 21 576.5 699 22 26.3% -20.70 [69.55,18.15] 2019 -
Total (95% CI) 92 107 100.0% -50.81[-109.96, 8.35] R
Heterogeneity: Tau®= 3070.88; Chi*=21.34, df=3 (P < 0.0001); F= 86% IRl I 100 200

Testfor overall effect: 2= 1.68 (P = 0.09)

Favours [CF] Favours [control]

FIGURE 3 Forest plot for sedentary time for cystic fibrosis children and adolescents and healthy pairs [Color figure can be viewed at

wileyonlinelibrary.com]
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different designs among the studies (retrospective, prospective, and

cross-sectional).

9 | APPLICABILITY OF FINDINGS TO THE
REVIEW QUESTION

Measuring the levels of PA in children and adolescents with CF provides
information about one of the determining factors in the progression of
morbidity and mortality in children with CF.>® Strong evidence supports
the importance of PA in CF patients: High levels of PA are associated
with improved sputum clearance. PA influences the decrease in lung
function decline and improves bone mineral density.”” Children with CF
with high levels of PA have better health-related quality of life.*? Finally,
PA is associated with decreased CF mortality.">° These reasons justify
a regular measure of PA in CF patients.

Regarding subjective measurements, this study found that
questionnaires are an easy tool for quantifying levels of PA. How-
ever, these should be used with caution, since they may not ade-
quately reflect the PA levels of children and adolescents, as most
questionnaires lack adequate validity or reliability.’®

This last point is very important when choosing this type of tool as
a measurement of PA, since the performance of PA has a multifactorial
origin (eg, gender, ethnicity, sexual orientation, level of education,
physical abilities, geographic location, and social determinants).”’
Therefore, subjective tools should be chosen that address all the ele-
ments related to the context of CF patients and not only PA, since if it
is not possible to analyze all these factors, it will be it difficult to

stimulate the PA practice, remove barriers, and change habits.®°

10 | LIMITATIONS

The most important limitation is the high heterogeneity in the se-
lected studies, particularly that related to the different instruments
of use. On the other hand, the studies do not classify the population
between children and adolescents, which could give us specific in-
formation for each age group.

11 | CONCLUSION

Children and adolescents with CF have MVPA and sedentary time
similar to that of controls. There are many options, subjective and
objective, for assessing PA.
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