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Abstract

Rationale: The long-term effects of vigorous physical activity
(PA) on lung function in cystic fibrosis are unclear.

Objectives: To evaluate effects of a 12-month partially
supervised PA intervention using motivational feedback.

Methods: In a parallel-arm multicenter randomized controlled trial
(ACTIVATE-CEF), relatively inactive patients aged at least 12 years
were randomly assigned (1:1 ratio) to an intervention group or control
group. The intervention group consented to add 3 hours of vigorous
PA per week, whereas the control group was asked not to change their
PA behavior. Primary endpoint was change in percent predicted FEV;
(AFEV,) at 6 months. Secondary endpoints included PA, exercise
capacity, exercise motives, time to first exacerbation and exacerbation
rates, quality of life, anxiety, depression, stress, and blood glucose
control. Data were analyzed using mixed linear models.

Measurements and Main Results: A total of 117 patients
(40% of target sample size) were randomized to an intervention
(n=60) or control group (n=57). After 6 months, AFEV,; was
significantly higher in the control group compared with the
intervention group (2.70% predicted [95% confidence interval,
0.13-5.26]; P=0.04). The intervention group reported increased
vigorous PA compared with the control group at each study
visit, had higher exercise capacity at 6 and 12 months, and
higher PA at 12 months. No effects were seen in other
secondary outcomes.

Conclusions: ACTIVATE-CF increased vigorous PA and
exercise capacity, with effects carried over for the subsequent 6
months, but resulted in better FEV, in the control group.
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At a Glance Commentary

Scientific Knowledge on the
Subject: Regular physical activity
and exercise training are integral
components of cystic fibrosis care.
The effects of vigorous exercise
training on lung function from
randomized controlled trials in cystic
fibrosis are still unclear. Large-sized
and well-designed randomized
controlled trials are

currently lacking.

What This Study Adds to the
Field: Unexpectedly, the
ACTIVATE-CF study showed better
FEV, in the control group compared
to the intervention group after 6
months. Future intervention
programs should aim for a stepwise
individualized increase in training
volume to avoid overreaching/
overtraining. As the multicomponent
intervention increased self-reported
vigorous physical activity and
exercise capacity, the tools developed
in the project may be used to
increase physical activity.

Physical activity (PA) and exercise have
become an accepted and valued component
of cystic fibrosis (CF) care (1, 2). Evidence
from the most recent Cochrane Review (3)
on exercise training in CF suggests unclear
effects of aerobic, anaerobic, or a
combination of both training modalities on
lung function, (i.e., FEV). Two of the
included long-term supervised exercise
intervention studies have shown that
regular vigorous PA might positively
impact FEV (4, 5), which remains the most
widely used and, along with the results of
exercise tests, among the best prognostic
factors for CF (6, 7).

Supervised exercise interventions are
expensive and not easily implemented in
regular patient care, and long-term
adherence to supervised programs is often
low (8). On the other hand, unsupervised or
partially supervised programs are less costly
and more flexible, but adherence to the
training program can be more challenging. A
small German multicenter randomized
controlled trial showed that a partially
supervised exercise intervention can improve
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FVC, aerobic exercise capacity, and quality of
life in individuals with CF even 12 to 18
months after the end of the intervention (9).
If the benefits of such a partially supervised
intervention could be generalized by
applying it to a wider population of people
with CF with different health beliefs and
cared for by different healthcare systems, it
would have significant implications for long-
term outcomes.

Changing PA behavior in the general
population or people with CF is difficult due
to a plethora of perceived barriers, such as
lack of time, tiredness, stigma, and
demoralization (10-12). In general, a
multicomponent intervention has the
potential to elicit beneficial effects (13). There
is evidence that motivational interviewing,
counseling, a written activity plan, and
regular feedback from pedometers (14) or
diaries are beneficial. In CF, very little
evidence exists on the most promising
strategies to promote PA (15).

We hypothesized that a partially
supervised exercise program paired with
motivational feedback aimed at increasing
vigorous PA by at least 3 h/wk can improve
FEV; in CF and that this can be sustained
over the subsequent 6-month timeframe.
The objective of the ACTIVATE-CEF trial was
to test this hypothesis and to assess further
effects of such a program on patient-relevant
health-related outcomes in a randomly
selected population of adolescents and adults
from different countries across Europe and
North America.

Methods

ACTIVATE-CF was a parallel-arm
randomized controlled trial (Clinicaltrials.gov
identifier: NCT01744561) conducted in 27
CF centers across Austria, Canada, France,
Germany, Switzerland, the Netherlands, the
UK, and the United States. A detailed
description of the methodology is available in
the online supplement and elsewhere (16).

Participants

Patients with CF aged 12 years and older
with an FEV of at least 35% predicted,
performing 4 hours or less of vigorous PA
per week up to 3 months before baseline, and
access to the internet were assessed for
eligibility (Figure 1). Details on inclusion and
exclusion criteria are given in the online
supplement. Ethical approval was obtained at
all sites, and patients provided written

informed consent before participation in the
study.

Study Visits and Measurements
Patients were seen twice within 4 weeks for
baseline assessments and every 3 months for
1 year thereafter. At each study visit,
exacerbations, upper respiratory tract
infections, antibiotic use, and adverse events
(AEs) were documented. PA was assessed
using the 7-day recall physical activity
questionnaire (17) and pedometry. Height,
weight, and skinfold thickness (at four sites)
were measured and percent body fat
calculated (18), and spirometry plus body
plethysmography were performed (19). At
baseline and 6 and 12 months after
randomization, quality of life was assessed
using the cystic fibrosis questionnaire revised
(20), depression, anxiety, and stress scales
(21, 22), and a modified exercise motivations
inventory version 2 (23) was administered.
Cardiopulmonary exercise testing was
performed at baseline and after 6 and 12
months using established testing protocols
(24), whereas an oral glucose tolerance test
was done at baseline and after 9 months in
participants not diagnosed with CF-related
diabetes at baseline (25).

Randomization and Blinding
Participants were randomly allocated to the
intervention or control group in a 1:1 ratio
using block-randomization (block sizes of 4)
and stratified by country and lung disease
severity (i.e., moderate to severe lung disease
[FEV, < 70% predicted] or mild lung disease
(=70% predicted]) (26). A statistician (C.S.)
created a computer-generated list of random
numbers using the statistical software,
STATA. The list was implemented into the
database (REDCap, Research Electronic Data
Capture) by a person from the Clinical Trials
Unit Bern, Switzerland, offering
administrative database support. Study
investigators had no access to the list. After
all baseline data were collected at visits 1 and
2, randomization was done at each study site
within the database, allowing complete
allocation concealment. Outcome assessors
were not blinded to group assignment.

Intervention

Participants in the intervention group were
asked to add at least 3 hours of vigorous PA
per week to their baseline activity. Including
the activities already present at baseline
assessment, this should have included at least
30 minutes of strength building exercises and
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[ Enroliment ]

[ Assessed for eligibility (n = 155) ]

Excluded (n = 38)
+ Not meeting inclusion criteria (n = 11)
+ Declined to participate (n = 5)
« Other reasons (n = 22)
- Not randomized in eCRF (n = 11)
- Pl decision (n =3)
- Only baseline assessment for
substudy (n = 8)

( Randomized (n = 117) )

v

A 4

[ Allocation ] v

Allocated to control (n = 57)

Allocated to intervention (n = 60)

+ Received allocated intervention (n = 56) + Received allocated intervention (n = 59)
+ Did not receive allocated intervention (with- * Did not receive allocated intervention (with-

drew consent: randomized to control) (n = 1) drew consent) (n = 1)

v f 6 mo Follow-Up ] v
O J

Lost to follow-up (n = 1) Lost to follow-up (n = 1)
+ Discontinued intervention (n = 4) # Discontinued intervention (n = 6)

- withdrew consent (no reason given, n = 4) - withdrew consent (no reason given, n = 3;

no time to exercise, n = 2)
- Pl decision (n = 1)

A 4

[ 12 mo Follow-Up ] v

Lost to follow-up (n = 2)

Lost to follow-up (n = 2)

# Discontinued intervention (n = 3)
- withdrew consent (no reason given, n = 2)
- Pl decision (n = 1)

L4 { Analysis } A4
For Analysis ITT (n = 56) For Analysis ITT (n = 59)
For Analysis Prim. Outcome 6 months (n = 48)* For Analysis Prim. Outcome 6 months (n = 53)
For Analysis Complete case 6 months (n = 52) For Analysis Complete case 6 months (n = 53)
For Analysis Complete case 12 months (n = 50) For Analysis Complete case 12 months (n = 48)

Figure 1. The consolidated standards of reporting trials flow diagram through the ACTIVATE-CF trial. *In four participants of the control group,
no valid FEV; measurement was available at 6 months. eCRF = electronic case report form; ITT =intention to treat; Pl = principal investigator;

Prim. = primary.

2 hours of aerobic exercise per week. The
remaining time could be attributed
according to the participants’ preferences.
Further details about the exercise
intervention, structured motivational
interviews, exercise intensity prescription,
activity counseling, and monitoring of
individual training in an online diary are
provided in the online supplement.

The control group participants were
instructed to keep their PA level constant
over the 12-month study period. They were
not informed about their fitness level

assessed with the exercise tests, nor did they

receive any interpretation of the test results
unless a finding was detected that required

medical attention. They were also not given oral/intravenous antibiotics, and changes in
an evaluation of their answers to the activity =~ body mass index and composition were
questionnaires, nor their individual monitored as explorative endpoints, whereas
pedometry results. AEs at least possibly related to exercise (e.g.,
sprains, fractures, etc.) and serious AEs were
Outcomes documented as safety endpoints. Adherence
Primary outcome was change in percent with the intervention reported by participants
predicted FEV, from baseline (average of the  and adherence assumed from changes in
two baseline assessments) to the 6-month exercise capacity was assessed as additional
assessment. Secondary outcomes included endpoint. Results from substudies (16) will be

changes in PA, exercise capacity, pulmonary reported elsewhere.

function, body composition, quality of life,

depression, anxiety and stress scales, exercise ~ Statistical Analysis and Sample Size
motives as well as glycemic control and time Calculation

to first exacerbation. Number of upper Baseline data are presented as
respiratory tract infections, days on additional ~means * SDs. Mixed models with
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multiple imputations for missing data
were used to assess changes from
baseline in intention-to-treat (ITT)
analyses. A description of the
imputation procedures is given in the
online supplement. Models included
random intercepts of countries and
centers and fixed effects of group, sex,
age, the interaction between sex and age,
and the value of the outcome at
baseline. Group-specific changes from
baseline are given as means * SEs, and
estimated effects of the intervention
(given by the regression coefficients for
the intervention group) are reported
with their 95% confidence intervals
(CIs). In the online supplement, we
report details on models used for per-
protocol (PP) analyses limited to
participants with reported adherence
(control group: not more or less than
30 min/wk of reported vigorous PA
compared with baseline; intervention
group: at least 2 h/wk of additional
reported vigorous PA) and assumed
adherence (control group: increase in
Vo, peak <5% compared with baseline;
intervention group: increase in Vo,
peak =5%), the number of respiratory
tract infections, time to first
exacerbation, and days on additional

antibiotics. All analyses were performed
using STATA version 15. Statistical
significance was assumed at P <0.05.

Based on our previous findings (9), we
hypothesized that the intervention would
induce an increase in FEV of at least 3%
predicted from baseline to the 6-month
follow-up visit in the intervention over the
control group. Assuming an SD of that
change of 8% predicted, 112 patients per
group with complete data were required to
detect the effect of the intervention with a
power of 0.8 and a probability P of a type 1
error o of 0.05. Based on an estimated 15%
dropout rate during the first 6 months of the
study and 10% of participants with missing
data, 146 participants were planned to be
randomized into each group.

Our assumption of an SD of the change
in FEV, of 8% or less from baseline to 6
months was confirmed by the data (i.e., 6.9%
in the control group and 7.3% in the
intervention group). However, the limited
sample size only allowed us to detect a
difference in the change of FEV, between the
groups of 4.0% (power 0.8, P < 0.05). In the
actual study, however, we used a more
complex model for statistical analysis so that
power is much more difficult to estimate.
This would likely lead to slightly higher
required effect sizes.

Table 1. Patients’ Characteristics at Baseline

Results

Despite intense efforts by the study team and
site investigators, and extension of the
anticipated 2-year recruitment period for
additional 21 months, we did not reach the
target sample size of 292 participants. In
total, 155 patients from 27 centers across
Europe and North America were recruited,
of whom 117 patients were randomized to
the two study groups (Figure 1 and Table E1
in the online supplement). Table 1
summarizes the characteristics of
randomized participants by group at
baseline.

Adherence with the Exercise Program
Self-reported PA in the control group
assessed at study visits suggested adherence
with the activity goals in 58% (31/53) of
participants during the first 6 months after
randomization and in 50% (27/54) of
participants during the entire 12-month
period. Interestingly, 15 of the 22 control
participants not reporting adherence with the
activity goals during the first 6 months of the
study reported an increase in vigorous PA of
more than 30 min/wk, whereas only 7
control group participants provided
information consistent with a reduction in
vigorous PA by more than 30 min/wk after

Age, yr
Sex, female n (%)
Height, cm
Weight, kgz
BMI, kg/m
Body fat %
Lean body mass, kg
Lung function
FVC, % predicted
FEV4, % predicted
RV/TLC %
Physical activity and exercise capacity
Reported VPA, h/wk
Total daily steps
Aerobic daily steps
Vo, peak, % predicted
Wpeak, % predicted
Clinical characteristics
Pseudomonas aeruginosa, n (%)
CF-related diabetes, n (%)
On ivacaftor, n (%)
On lumacaftor and ivacaftor, n (%)

N Intervention (n=60)
60 253*+11.4
60 33 (55)
60 166.0 = 10.4
60 61.0+145
60 22.0*+41
59 23.7+11.3
59 52.9+12.2
60 87.0*+18.5
60 73.5*+22.4
55 38.6 x12.9
60 1.20 +1.04
50 5755 + 2934
50 1145+ 1716
55 70.7+=16.5
57 88.2+17.1
60 14 (23.3)
60 13 (21.7)
60 2 (3.3
60 4 (6.7)

N Control (n=57)
57 22.8+10.8
57 32 (56)
57 166.0 = 10.8
57 57.7*+11.7
57 20.8+3.5
56 22.7+10.9
56 50.8+9.5
57 85.6 +18.8
57 73.7+20.8
52 36.5+ 14.1
57 1.63=1.11
51 5660 * 2674
51 1170 = 1723
50 68.7 +15.4
53 91.4+194
57 9 (15.8)
57 9 (15.8)
57 3 (5.3)
57 2 (3.5)

Definition of abbreviations: BMI =body mass index; CF = cystic fibrosis; RV/TLC =residual volume over total lung capacity; Vo peak =peak
oxygen uptake; VPA =vigorous physical activity; Wpeak = maximum work rate.

Data are means = SD or n (%).
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Figure 2. Change in FEV; (AFEV,) in percent predicted from baseline. (A) Individual changes from baseline to 6 months (primary outcome).
There was a significant difference between groups in favor of the control group (mean difference, 3.18% predicted [95% confidence interval,
0.39-5.97]; P=0.026). (B) Changes in FEV4 from baseline to visits at 3, 6, 9, and 12 months. Only the actually measured data are shown. The
numbers in parentheses are the respective sample sizes. (C) Intention-to-treat analysis including imputed data. Error bars in (B) and (C) are

standard errors.

randomization. In the intervention group,
reported adherence was 65% (36/55) during
the first 6 months and 58% (32/55) for the
entire 12-month study period. Based on the
entries in the web-based activity diary,
adherence in the intervention group was
56% (33/59) after both 6 and 12 months

(Figures E1 and E2).
Primary endpoint. After 6 months,

change in FEV; (% predicted, AFEV)) from
baseline was significantly higher in the
control compared with the intervention
group (Figure 2). The estimated mean
difference (95% Cls) in FEV percent
predicted from the ITT analysis with and
without data imputation was —2.70% (—5.26
to —0.13; P=0.039) and —2.58% (—5.35 to
0.19; P=10.068) (see Tables E2 and E3). At
other visits, no significant between-group
differences in AFEV, were observed in the
ITT analysis (Figure 2C). The PP analyses
based on reported adherence and assumed
adherence showed similar effects to ITT
analyses (Table E4). Mean raw values and
their 95% confidence intervals for FEV,
percent predicted at all study visits are

provided in Figure E3.
Secondary endpoints. Compared with

controls, the intervention was associated
with an increase in self-reported
vigorous PA at all study visits, increased
exercise capacity (Wpeak) at 6 and 12
months, a higher Vo, peak, and a higher
number of aerobic steps at 12 months
(Figure 3). The effects of the
intervention on further secondary
outcomes, based on ITT analyses, are
shown in Table 2. Results for all
secondary outcomes from the ITT and
PP analyses (i.e., reported and assumed
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adherence with the intervention) are
given in the online supplement
(Tables E2-E4).

The intervention did not impact the
time to first exacerbation: hazard ratio, 1.34
(95% CI, 0.65-2.80; P=0.43) (Figure 4).
Likewise, the number of pulmonary
exacerbations, the number of participants
reporting an upper respiratory tract
infection, receiving oral or intravenous
antibiotics or being hospitalized, was not
affected by the intervention (Tables E5-E13).
However, study visits close to a physician-
diagnosed pulmonary exacerbation tended to
occur more frequently in the intervention
group (34 of 212 visits) compared with the
control group (21 of 210 visits; P=0.07)
(Table E13).

There were no differences between
groups in the change of medication (e.g., CF
transmembrane conductance regulator
[CFTR] modulator therapy, and no evidence
that the control or intervention group made
changes to their airway clearance techniques
other than exercise [results not shown]).
Table 3 summarizes the AEs and serious AEs
reported during the trial based on Common
Terminology Criteria for Adverse Events
(CTCAE) version 5.0 (27). These were rare,
all participants recovered, and none dropped
out because of (serious) adverse events.

Discussion

Primary Endpoint: Change in FEV,
after 6 Months

This international multicenter study,
ACTIVATE-CF, was designed to assess the
effects of a 12-month vigorous PA

intervention with motivational feedback on
changes in FEV at 6 months as primary
endpoint in people with CF and a low
baseline activity level. The most
counterintuitive observation was an
improvement in FEV in the control over the
intervention group at 6 months. Thus, our
initial hypothesis may be wrong.

The observed mean difference of 2.70%
predicted (95% CI, 0.13-5.26) in FEV is
considered clinically relevant given the fact
that the U.S. Food and Drug Administration
and the European Medicines Agency
approved ivacaftor-lumacaftor treatment
based on an improvement of 2.6-4.0%
predicted FEV in the active treatment arm
compared with placebo arm, in addition to
beneficial effects on exacerbation and
hospitalization rates (28).

Based on previous long-term
randomized controlled trials using exercise
as intervention, we had hypothesized that
there would be an increase in FEV in the
intervention compared with the control
group (5, 9). The reason for the gain in FEV,
in the control group compared with the
intervention group after 6 months of
intervention is unclear and completely
unexpected based on the experience of
expected changes in FEV in control group
participants in drug trials of similar duration
(29, 30).

In general, FEV] in CF can be affected
by many conditions and interventions, such
as infections and exacerbations, bronchial
asthma, diabetes, medical treatment, etc.
(31, 32). There was no difference between
groups in the time to first exacerbation,
number of respiratory tract infections, use of
oral/intravenous antibiotics, or start of CFTR
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analyses). **P<0.01 and ***P<0.001. Error bars are standard errors.

Table 2. Effect Sizes of Further Secondary Outcomes in Intention-to-Treat Analysis of the Exercise Intervention at 6 and 12
Months According to Group Allocation

Change Scores Change Scores
Time Period, Control Group Intervention Group Effect Estimate
Variable mo N means + SE N means + SE Coefficient (95% CI) P Value
Lung function
FVC % predicted 0-6 57 3.42+1.04 60 0.32 =1.01 —3.10 (—5.81 to —0.39) 0.025
0-12 57 1.72+1.24 60 3.24+1.25 1.52 (—1.08 to 4.13) 0.25
RV/TLC % 0-6 52 0.01 =0.01 55 0.02 = 0.01 0.01 (—0.02 to 0.04) 0.58
0-12 52 0.01 =0.01 55 0.00 = 0.01 —0.01 (—0.03 to 0.02) 0.63
Physical activity
Total steps, n 0-6 50 438 +1210 55 1022 = 1206 584 (—429 to 1,597) 0.26
0-12 50 —251+912 55 555 + 903 806 (—37 to 1,649) 0.06
Body composmon
BMI, kg/m? 0-6 57 0.22+0.16 60 0.23+0.16 0.01 (—0.28 to 0.29) 0.96
0-12 57 0.04 =0.28 60 0.27 =0.29 0.23 (—0.23 to 0.69) 0.33
Body fat % 0-6 56 0.37 =0.76 59 0.38+0.73 0.01 (—2.05 to 2.07) 0.99
0-12 56 -0.22+0.72 59 1.77 £0.71 1.99 (0.12 to 3.87) 0.04
Lean body mass, kg 0-6 56 0.44+0.48 59 0.93+0.46 0.49 (—0.73 to 1.71) 0.43
0-12 56 1.08 = 0.56 59 1.36 = 0.57 0.28 (—1.05 to 1.61) 0.68
Glucose tolerance*
Fasting glucose, mmol/L 0-9 40 0.14+0.11 41 —-0.02 =0.11 —0.16 (—0.44 t0 0.13) 0.28
1 h glucose OGTT, mmol/L 0-9 31 -0.26 £ 0.43 36 -0.30 £0.43 —0.04 (—1.14 to 1.05) 0.94
2 h glucose OGTT, mmol/L 0-9 40 0.57 =0.40 41 0.14 +0.37 —0.44 (—1.44 t0 0.57) 0.39

Definition of abbreviations: BMI = body mass index; Cl = confidence interval; OGTT = oral glucose tolerance test; RV/TLC =residual volume/total
lung capacity ratio.

B coefficients were calculated based on a mixed model regression analysis with baseline adjustment and imputation of missing values.

*The oral glucose tolerance test was only performed in participants without a diagnosis of cystic fibrosis-related diabetes at baseline.
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1.0

0.8

0.6

0.4

0.2

Proportion free of exacerbation

0.0

Grouping their vigorous PA by at least 3 hours per
_m Control week if randomized to the intervention
— Intervention group. Although controls were instructed
—+ Censored Control to keep their activity levels constant, 15
~1~ Censored Intervention  ,aticipants of the control group reported
an increase in their vigorous PA during
the first 6 months after randomization of
more than 30 minutes per week, whereas
only 7 participants reported a decrease by
more than 30 minutes per week.
Improvements in PA behavior are not
uncommon in control group participants
in intervention studies (34). Therefore,
we cannot exclude that even more
controls somewhat increased their

0 100 200 300
Time after randomization, days

400 500 activity levels without reporting. This
moderate increase in vigorous PA in the
control group may have contributed to

Figure 4. Time to first exacerbation in the intervention and the control group. the significantly higher FEV, observed at

modulator therapy. However, there was a
trend toward more physician-diagnosed

6 months in the control group.
In contrast, participants in the
control group contributed to the gain in intervention group did not improve their
FEV, during the first 6 months after FEV, during the first 6 months. It could be

exacerbations in a temporal context to study ~ randomization. argued that the intervention group did not
visits in the intervention group. Pulmonary . L increase their vigorous PA sufficiently.
exacerbations are associated with an acute Potential Contamination of Controls However, we did observe an increase in
reduction in FEV; and a higher rate of and Adherence to the Intervention vigorous PA of, on average, about 2 hours
decline in FEV/, thereafter (33). Less than Inherent to all exercise trials is the problem per week reported by the participants of the
30% of control participants experienced an of adherence of the intervention group and intervention group and confirmed by the
exacerbation during the first 6 months after contamination of the control group. When respective study site investigators. In line
randomization (Figure 4). Possibly, the recruited, all participants in the project with this observation, there was also a
relatively low rate of exacerbations in the consented and were motivated to increase significant effect of the intervention on the

number of “aerobic steps” as measured
Table 3. Reported Adverse Events in the Intervention and Control Groups during ObjeCt_inY by Pedometr}’ and on exercise
the 12-Month Intervention Period capacity. Thus, the multicomponent

intervention used in ACTIVATE-CF to

. increase vigorous PA was successful. This is a
Control Intervention

Adverse Events

major and clinically important observation as
AE SAE AE SAE many unsupervised or partially supervised
activity intervention programs have failed to

Abdominal infection 1 0 0 0 induce behavioral changes. For example, Cox
Upper respiratory tract infection 0 0 2 0 and colleagues (15) concluded in a systematic
Bronchial infection 3 2 6 1 review that their review “provides very
Other infection” 0 0 3 0 limited evid h . i d
Acute injury 2 1 4(2) 2 (1) 1m1t§ evi gncet at activity counselling an
Back pain 0 0 1 0 exercise advice, undertaken over at least 6
Arthralgia 0 0 3(3) 0 months, to engage in a home exercise
g?:r?cﬁglpn Imonary hemorrhage (hemoptysis) 8 8 ? (22) ? program may result in improved PA
u ySI . . . . . . PERE)
Bronchial obstruction 0 0 1 0 participation in P60P1§ wn':h cystic fibrosis.
Urticaria 0 0 2 (1) 0 One inclusion criterion for the study
DIOS 0 1 0 2 was a relatively low baseline level of
gbdomin_al pain 8 8 (13 (1) vigorous PA. Before randomization, the
epression - ) .
Surgical or medical procedures 4 0 5 0 partlc1p§nts of the mie;v }elntmn %ro.u P
(planned intravenous therapy, wisdom teeth extraction) reported on average 1.2 hours of vigorous
PA per week. They were then requested to
Definition of abbreviations: AE = adverse event; DIOS = distal intestinal obstructive syndrome; add 3 additional hours of vigorous PA per

SAE = serious adverse event.

Numbers shown are total of reported events. Numbers in parentheses are the number of
events assessed as possibly or definitively related to the intervention by investigator and/or

sSponsor.

week. The fast increase in training volume
with possibly inadequate recovery,
especially if additional non-exercise-related

*Involving gastrointestinal and respiratory systems. stressors may have existed in symphony
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(35), may have resulted in unfavorable
effects of the intervention that
counterbalanced potential positive effects.

A specific concern associated with
vigorous PA is the provocation of immune
dysfunction (36), but occurrence of such a
phenomenon has been questioned recently
(37). Nevertheless, there was no significant
effect on the number of upper respiratory
tract infections, days on antibiotics, number
of antibiotic treatment cycles, or
exacerbations in the entire group. Finally,
exercise studies (4, 5) using a higher level of
supervision of the intervention than the
current project observed significant beneficial
effects of the intervention but did not report
detrimental consequences on lung health.

Possibly, a period longer than 6 months
of increased vigorous PA is more effective in
terms of positively impacting FEV.
Although the effect estimates and 95% Cls
for AFEV, at 12 months (1.87; 95% CI, -1.00
to 4.74) were not statistically significant,
some beneficial effects might have occurred
in the longer term. Other studies using an
exercise intervention over 12 months also
saw (mostly nonsignificant) effects of the
intervention on FEV, (5, 9, 38).

Secondary Endpoints: Change in
Exercise Capacity and Other
Health-related Outcomes

After 6 and 12 months, the intervention
group had a significantly higher exercise
capacity (i.e, Wpeak at 6 and 12 months;
Vo, peak at 12 months) compared with the
control group (Figure 3 and Tables E2-E4).
Objectively measured maximal aerobic
exercise capacity using standardized testing
protocols is strongly associated with survival
in health (39) and CF lung disease (6, 40,
41). Based on ITT analysis, the magnitude
of improvement in Wpeak (8.1% predicted
[95% CI, 3.6-12.6] at 6 months, and 6.6%
predicted [95% CI, 3.0-10.2] at 12 months)
and Vo, peak (4.5% predicted [95% CI,
1.0-8.0]) at 12 months in the intervention
group compared with the control group)
may be considered clinically relevant (42).
However, whether improvements in
exercise capacity translate into better
survival is currently unknown. No
consistent differences between groups were
observed in any other secondary endpoints,
including quality of life, blood sugar
control, and time to first exacerbation.
These findings may be related, at least in
part, to the lower-than-intended sample size
and thus statistical power of the trial.
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Nevertheless, very little evidence exists on
the effects of exercise training on quality of
life and blood sugar control (3), and there is
no information on time to first exacerbation
and AEs of an exercise intervention (3).
Thus, ACTIVATE-CF extends our
knowledge in these respects.

There are several limitations of the trial.
First, despite great efforts, we were only able
to randomize 40% of the target sample size.
Nevertheless, ACTIVATE-CF is the largest
PA intervention trial in CF so far and
addressed several new and important
outcomes. For example, for the first time,
AEs were systematically captured during an
exercise intervention trial in CF. In line with
previous reports on the risks of exercise in
CF, few possible adverse reactions related to
the intervention were reported (43).

Participating centers gave several
reasons for the low recruitment into the
study, which included the need of skilled staff
and time to perform all measurements and
the counseling as well as competing attractive
trials (e.g., CFTR modulator therapies with
financial incentives). Reported participant
barriers were not wishing to be randomized
to an intense PA program owing to other
priorities (e.g., school exams), and the 50%
chance of being randomized to the control
group despite their knowledge of the
importance of regular PA from the study
information. The difficulties in recruitment
into exercise trials have been well recognized
(44) and also experienced by other
investigators in CF research (45). A double-
blind study design is impossible in exercise
intervention trials. Further, owing to limited
personnel at study centers, we were not able
to consistently blind outcome assessors for
allocation of participants to one of the
treatment arms; participants themselves and
activity specialists providing counseling
could not be blinded. Thus, information may
have been leaked to other team members and
assessors. However, as many outcomes were
objectively measured and virtual as well as
on-site monitoring was used, a bias in
outcomes in favor or against benefits of the
intervention seems unlikely.

Potential Implications of Study
Results for Medical Care

To maintain and promote health in an adult
population with chronic health conditions, at
least 150 minutes of moderate-intensity or 75
minutes of vigorous-intensity PA per week
are recommended (46). A supervised exercise
intervention in CF (5) demonstrated that

3 X 30 minutes of either aerobic training or
weight training per week could significantly
improve FEV, within 6 months of
intervention. Two hours of additional
vigorous PA per week in our intervention
group participants should, thus, be sufficient
to improve FEV;. Our findings indicate that
a steep increase in vigorous PA (most likely)
represents the wrong approach to improve
lung health for the majority of people with
CF who are relatively sedentary. In contrast,
the significant but counterintuitive
improvement in FEV in the control group
possibly induced by a moderate increase in
PA suggests a less stringent “motivational
approach” may effectively modulate an
increase in PA. In line with
recommendations for the healthy
population and athletes, we would now aim
for a weekly increase in training volume of
no more that 10% (35). The tools developed
in this project to foster an increase in
vigorous PA would then be introduced
successively to maintain or even further
increase the activity level. In view of the
multiple benefits of PA established in
various populations, healthcare providers
are advised to motivate people with CF to be
physically active, without pressure, but
appropriate supervision including
individual goal setting aiming to build
positive long-term activity behavior (47).

Conclusions

This international multicenter study found
an increase in self-reported vigorous physical
activity and exercise capacity with a partially
supervised exercise intervention with
motivational feedback. However, the control
group experienced beneficial effects
compared with the intervention group for
the primary endpoint (FEV) potentially
related to a moderate increase in physical
activity in that group and a too-steep
increase in physical activity in some
intervention group participants.
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