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Abstract

Coronavirus (SARS-CoV-2) outbreak leading to the coronavirus disease (Covid-19)
has become a global pandemic. Patients with Cystic fibrosis are considered of major
risk, as respiratory tract infections are more severe than in the general population,
with a higher risk of complications and a negative impact on lung function. The
performance of physical exercise is considered as key for its well-known general
benefits and also as a complementary method to help airway clearance. Therefore,
physical exercise is also considered as key in the therapeutic strategy during the
quarantine period. However, the impossibility to perform exercise with appropriate
prescription and monitoring is of considerable worry to health care professionals.
Thus, alternative strategies, such as online measures to monitor this therapy and,
consequently, to achieve a safe and effective dose are highly needed. Exercise re-
gimens should include strength and endurance, as well as balance and flexibility
exercises. Patients are highly encouraged to participate in exercise programs to
maintain fitness and exercise should be continued during the quarantine period. This
commentary provides a summary of the main effects and benefits of physical ex-
ercise, as well as the main recommendations for its adequate execution, including

exercise modality, frequency, intensity, and volume.
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1 | INTRODUCTION

Coronavirus (SARS-CoV-2) outbreak leading to the coronavirus dis-
ease (Covid-19) has started last December 2019 in China and the
infection has spread throughout the world, despite the strategies
adopted to stop this epidemiological phenomenon. Four months later,
Covid-19 has become a global pandemic with more than 14 043.176
cases diagnosed as of 19th July (2020). According to the Covid-19

pandemic global information, some characteristics of the population

at higher risk of Covid-19 have been identified, including age over
55 to 60 years old, hypertension, diabetes, or presence of associated
cardiovascular and respiratory diseases. Thus, patients with Cystic
fibrosis (CF) are considered of major risk, as respiratory tract infec-
tions are more severe than in the general population, with a higher
risk of complications and negative impact on lung function. During
the 2009 influenza pandemic, the influenza A (H1IN1) virus caused
substantial morbidity in patients with CF.* Now, individuals with CF

and their families are at the boundary of important new therapies
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that are expected to significantly change their health status and face
an unprecedented global pandemic with several possible unknown
effects. Preliminary information suggests that the majority of pa-
tients with CF are performing an excellent work to prevent SARS-
CoV-2 infection and should remain dedicated to this task, as sig-
nificant work has been performed in the past few months to collect
data and to better understand the main factors that affect the se-
verity of Covid-19 in people with CF.

Following recommendations, many families of patients with CF
adopted the lockdown strategy before the official alarm state si-
tuation announced by the different governments. This action has led
to a low incidence of Covid-19 among CF patients and, as of 13th
April 2020, from approximately 63 000 patients diagnosed with CF in
different countries worldwide (ie, Australia, Canada, France, Spain,
Ireland, Netherlands, New Zealand, UK, and United States), only
48 patients have been infected with SARS-CoV-2 (46 adults and
2 children), with only one death, which is believed to be associated
with expected complications of the disease, rather than the Covid-19
(data from Cosgriff et al® and the Spanish Society of Pediatric Pul-
monology, 2020). Thus, the main concern of the CF units is that
treatments maintain their appropriate effectiveness at this situation
and that multidisciplinary reviews can be restored in an orderly
manner and with the necessary changes to adapt to this new reality.
The performance of physical exercise is considered as key for its
well-known general benefits. In addition, it is also a complementary
tool to help airway clearance when combined with physiotherapy.>*
Exercise as a complement to physiotherapy significantly increases
airway clearance more than physiotherapy and exercise alone.”
There is also evidence indicating additional beneficial effects of ex-
ercise on muscular fitness (ie, muscle mass and function), body
composition and cardiorespiratory health.>? Furthermore, exercise—
aerobic or a combination of aerobic and strength—could help

578 or mitigate the annual decline® of forced vital capacity,

improve
forced expiratory volume in the first second and/or peak functional
capacity (VO,peak). Taken together, the growing evidence indicates
that exercise in patients with CF is an important therapeutic tool in
reducing morbidity and mortality rates’® and should be considered
part of the standard of care.*>'?

Both respiratory impairment and muscle weakness limit ex-
ercise capacity, which gradually leads to exercise intolerance,
increasing muscle cachexia and decreasing mucus elimination,
worsening lung function. Individuals with CF are characterized by
a hyperinflammatory phenotype, and exercise has been sug-
gested to exert antiinflammatory effects. Therefore, specific ex-
ercise programs can be used to modify the course of chronic
inflammatory and infectious diseases, contributing to minimize
the dysfunction of the immune system.’® In addition, patients
with CF do not express the cystic fibrosis transmembrane con-
ductance regulator (CFTR) protein in the muscle,'* generating
homeostatic, metabolic and contractile problems at the cellular
level, and excessive fatigue of the diaphragm at the central

level.'**> The consequences of these alterations are a greater

degree of exercise intolerance, decreased strength, muscular
atrophy,’® and longer hospitalization rates.’” CFTR is also an
important regulator of cellular inflammatory homeostasis, and its
absence has been found to be associated with increased nuclear
factor kappa B (NF-kB),'® leading to chronic inflammation and
excessive inflammatory responses. Since exercise-induced per-
oxisome proliferator-activated receptor gamma coactivator
1-alpha can limit NF-kB activity and increase Peroxisome
proliferator-activated receptor gamma (PPAR-y) activity, regular
training programs can restore abnormalities in NF-kB and PPAR-y
levels (Figure 1). Therefore, exercise can be used as a strategy to
reduce muscle catabolism, inflammation, and, consequently, in-
crease muscle function.

Considering that individuals with CF and their families have put
considerable effort to maintain good health, that a great adherence
to treatment is needed, and that physical exercise is a key ther-
apeutic strategy during the quarantine period, the impossibility to
perform an exercise with appropriate prescription and monitoring is
of considerable worry to health care professionals. Thus, alternative
strategies, such as online measures to monitor this therapy and,
consequently, to achieve a safe and effective dose is highly needed,
although participation in any exercise program should be re-
commended and guided by a CF specialist. Exercise regimens should
include strength and endurance, as well as balance and flexibility
exercises, following the principles of both ACSM*” and EACPR?° for
exercise training.

Therefore, patients are highly encouraged to participate in ex-
ercise programs to maintain fitness and to continue exercising during
the quarantine period, always following the CF team recommenda-
tions. Additionally, it is important to define the correct dose of ex-
ercise through the characteristics of each of the components of the
program. These recommendations include oxygen saturation (SpO,)
monitoring during exercise (ie, pulse oximetry) to adjust for optimum
SpO,, levels, when exercise-induced desaturation is present. Patients
with moderate to severe CF or abnormal SpO, responses during
exercise may also require supplemental oxygen and a closest su-
pervision’>?? to reduce the risk of hypoxemia and maximize the
benefits of exercise.?? A decision algorithm for exercise prescription
is also provided as Figure 2.

2 | EXERCISE MODALITY

Evidence suggests that both aerobic and resistance training, as well
as a combined program, may have positive effects for individuals with
CF.?® Considering the muscle abnormalities'* described for patients
with CF, a combined aerobic and resistance training should be con-
sidered. Activities including balance and flexibility exercises are also
desirable. Children and adolescents should also benefit from using
active videogames as a complement for their daily physical exercise
program.”* In severe patients, adapted exercise modalities to fit each

patient's physical fitness should be considered.
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FIGURE 1 Schematic of the systemic and local effects of CFTR™~ with and without exercise. Akt, protein kinase B; ATP, adenosine

triphosphate; [Ca2*], calcium ion; CFTR, Cystic fibrosis transmembrane conductance regulator gene; FOXO, forkhead box protein O; mTOR:
mammalian target of rapamycin; NF-kB, nuclear factor kappa B; PGC-1a, peroxisome proliferator-activated receptor y coactivator 1 «; PCr,
phosphocreatine; Pi, inorganic phosphate; ROS, reactive oxygen species; UBE3A, ubiquitin-protein ligase E3A [Color figure can be viewed at
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3 | EXERCISE FREQUENCY

The usual frequency recommended for exercise is between three and
five sessions per week. Considering the exceptional quarantine situation
and that exercise must also help airway clearance in CF, we believe
patients should target to perform exercise between 5 and 7 days per
week, according to their clinical status and professional advisement.

4 | EXERCISE INTENSITY

The exercise intensity recommended is moderate (~60% of VO,-
peak), which could be monitored by targeting heart rate (HR) be-
tween 60% and 85% of the maximum HR.2® If HR monitoring is not
possible, there is evidence showing that exercise intensity may also
be self-regulated by using the OMNI scale in children with CF?° or
targeting 14 in the dyspnea Borg scale for adults.

5 | EXERCISE VOLUME

Exercise sessions between 30 and 40 minutes, combining aerobic and
resistance training, are suggested. A target of at least 150 to
300 minutes per week should be pursued.

6 | EXAMPLES OF HOME EXERCISES

If specific equipment or materials for training are not available, home
objects (chair, steps, packs of food, bags), as well as the use of their
own bodyweight, may be used to help performing resistance ex-
ercises. Aerobic exercise may also be performed if ergometers are
not available, using short walk/running movements inside the house,
jumping, skipping rope, running on the spot, and stepping over ob-
stacles. If more specific guidance is needed, the research group on

Exercise, Health, and Biomarkers (EsBIDA—European University of
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Decision algorithm for exercise prescription in Cystic Fibrosis

l Pulmonary Function (Spirometry): FEV, z-score

Severe

v
Mild-Moderate

Functional Capacity (CPET): VO,peak and SpO,

EID (\/Sp0, < 90%)? «
l Exercise modality: Aerobic and Resistance v
YES Exercise frequency: Aerobic 3-5 days/week NO
! and Resistance (Strength) 2-3 days/week |

* Adapt exercise modality and volume to fit each
patient’s physical fitness

* Reduce intensity based on perceived ventilatory
effort or 10 bpm below CPET desaturation point

* Consider exercise training with supplemental
oxygen and monitor first few sessions to ensure
that SpO, response is appropriate

Aerobic Exercise:

* Intensity: 60-70% VO,peak or RPE 14

* Volume: Target session duration between 30-40
minutes (aerobic+resistance)

Resistance Exercise (Strength):

* Intensity: Moderate (body weight)

* Volume: 1-3 sets, 10-15 repetitions

Diabetes?

v

YES* (99-270 mg/dl)

v

If duration > 60 min, add CHO and monitor glucose.
Avoid hypoglycemia: Add 10-s maximal sprints before
or after exercise. Avoid eccentric contractions.
Medications: If taking insulin, bring 15 g fast
absorption CHO. If taking other drugs, bring 15 g slow
absorption CHO.

NO

*STOP exercise if glucose <39 / >270 mg/dl or ketonuria at onset of exercise.
Notes: Keep an adequate hydration and allow expecteration/coughing during
exercise. Additionally, patients with diabetes keep a regular schedule and
glucose control.

FIGURE 2 Decision algorithm for exercise prescription in patients with Cystic fibrosis, |: decreased. bpm, beats per minute; CHO,
carbohydrate; CPET, cardiopulmonary exercise testing; EID, exercise-induced desaturation; FEV, forced expiratory volume in the first second;
RPE: rate of perceived exertion; SpO,: oxygen saturation; VO,peak, peak oxygen consumption [Color figure can be viewed at

wileyonlinelibrary.com]

Madrid) together with the CF unit of Nifio Jesus Hospital and the
Spanish CF Federation have developed the initiative #stayhomeactive
(#QuédateenCasaActivo), in which illustrative videos may be found
(https://drive.google.com/drive/folders/1ImnxAQ70XgT3pImSUpJh0S
QRjkMJtM71?usp=sharing). The project is hosted at the Federation's
website (https://fibrosisquistica.org/).

7 | SPECIAL RECOMMENDATIONS

Considering the particularities of the CF disease, a few especial re-
commendations should also be considered. Hydration is of great
importance and patients should drink flavored sodium chloride-
containing fluids above thirst levels to prevent hyponatremic
dehydration. Those with diabetes mellitus may require additional

7 If possible, when

carbohydrates during prolonged exercise.”
exercise-induced desaturation is present, SpO, should be monitored

and desaturations reported and discussed with a health professional.

In addition, airway clearance performed before the exercise session
may lead to improved ventilatory dynamics during exercise and
contribute to increase performance.’® For severe patients, exercise
intensity, frequency, and volume should be individually targeted, and
responses monitored at least weekly by a CF specialist.

8 | CONCLUDING REMARKS

The treatment of patients with CF requires a multidisciplinary ap-
proach where physiotherapy is a key component.” ! Exercise, as a
complement to physiotherapy, helps to increase airway clearance and
physical fitness.>’ Furthermore, exercise in patients with CF has
shown to provide additional positive effects on body composi-
tion,”*>** bone heath,*?°® and inflammation.*>** Therefore, the
addition or maintenance of exercise in the standard treatment of CF,
following the recommendations from CF specialists, may have con-
siderable short- and long-term benefits, especially in a situation of
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reduced social mobility and confinement. The development of an
active lifestyle, through exercise early in life, may help in the man-
agement of diabetes, maintenance and/or improvement of lung
function, muscle mass, bone health, and quality of life. However,
exercise “dose” (ie, intensity, volume, frequency, and modality) must
be appropriate for age, severity level, and physical fitness, as well as

recommended/supervised by the CF multidisciplinary team.
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