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Abstract
Objective
To investigate the effectiveness of Energetic, a self-management group program combining
aerobic training, energy conservation management, and relapse prevention to improve social
participation in patients with neuromuscular disease (NMD) and chronic fatigue.

Methods
In this multicenter, assessor-blinded, 2-armed randomized controlled trial with repeated
measurements, 53 patients with various types of NMD and chronic fatigue were randomly
allocated to Energetic, a 4-month group intervention, or to usual care. The primary endpoint
was social participation assessed with the Canadian Occupational Performance Measure
(COPM) performance scale immediately postintervention. Secondary outcomes included
COPM satisfaction scale, 6-Minute Walk Test (6MWT), and Checklist Individual Strength–
subscale fatigue. Participants were followed for 11 months postintervention. Data were ana-
lyzed with linear models that account for repeated measurements.

Results
Directly after intervention, the mean group difference for COPM-performance was 1.7 (95%
confidence interval [CI] 1.0–2.4; p < 0.0001) in favor of the intervention group (n = 29),
adjusted for baseline, sex, diagnosis, and work status. This effect was retained at 11 months
follow-up (0.9; 95%CI 0.0–1.7; p = 0.049). The COPM satisfaction scale and 6MWT improved
more in the intervention group compared to usual care. After 3 and 11 months follow-up, most
beneficial effects on social participation and functional endurance were retained.

Conclusion
Energetic led to sustainable improvements in social participation and functional endurance
compared to usual care in patients with NMD and chronic fatigue.

Clinicaltrials.gov identifier
NCT02208687.

Classification of evidence
This study provides Class III evidence that a combination of aerobic training, energy conser-
vation management, and relapse prevention improves social participation in patients with
NMD and chronic fatigue.
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More than 60% of patients with a neuromuscular disease
(NMD) report chronic fatigue as their most disabling
symptom leading to reduced social participation.1,2 As
there is no cure for most NMD, interventions aim to in-
fluence fatigue-related factors to increase participation.3

Research has demonstrated that aerobic exercise training
(AET) alleviates chronic fatigue in facioscapulohumeral
dystrophy (FSHD)4 and mitochondrial myopathies
(MM).5,6 Cognitive behavioral therapy (CBT) has also
proven to diminish chronic fatigue in FSHD4 and to im-
prove participation in myotonic dystrophy type 1.7 In
multiple sclerosis, several studies investigated energy con-
servation management (ECM), which aims to support fa-
tigue self-management in daily life to enable participation in
valuable occupations.8,9 However, there are no studies of
ECM in NMD.

A recent meta-analysis10 of 15 studies and 1,696 patients with
common disabling disorders has shown that diagnosis
explains only 11% of fatigue severity, which increases to 55%
when transdiagnostic factors are added such as sex, motiva-
tion, and activity level. This notion provides support for
a transdiagnostic fatigue-management approach focusing on
individual patient characteristics rather than disease charac-
teristics.10 In this perspective, we developed and implemented
a multidisciplinary group program, called Energetic, aimed to
optimize social participation and functional endurance in
patients with various types of NMD and chronic fatigue. The
program combines AET and education about AET with ECM
and relapse prevention.11 Here, we report a pragmatic study
on the effectiveness of Energetic compared to usual care in
patients with various types of NMD who are chronically
fatigued.

Methods
Study objectives
The primary objective of this study was to evaluate the effect
of Energetic, a 16-week group intervention combining AET,
ECM, and relapse prevention on social participation in
patients with NMD with chronic fatigue compared to usual
care (classification of evidence: Class III). The secondary
objective was to evaluate the effects of Energetic on fatigue,
functional endurance, activity engagement, mood, anxiety,
self-efficacy, and perceived caregiver burden (classification of
evidence: Class III).

Study design
We conducted a multicenter, assessor-blinded, 2-armed ran-
domized controlled trial with repeated measurements in the
Netherlands during a 15-month study period. The co-
ordination of the study took place at Radboud University
Medical Center (RUMC), while the intervention was, besides
at RUMC, also offered in 2 other clinical settings: a regional
rehabilitation center (Klimmendaal in Arnhem) and a com-
munity health center in primary care (Buitenlust in Venray).

Participants
Patients were recruited at the Departments of Rehabilitation,
Neurology, and Internal Medicine of the RUMC as well as in
the other participating centers. The Dutch patient association
for NMD (Spierziekten Nederland) facilitated recruitment
by posting study information (website, magazine, and mail-
ing). Referred or otherwise interested patients were provided
with written study information and contacted by telephone
by the primary investigator (Y.V.) to answer any remaining
questions related to study participation. The primary in-
formal caregiver of the patient was invited to coparticipate.
When patients expressed their willingness to participate and
screening of the inclusion and exclusion criteria indicated
potential eligibility, outpatient clinic appointments with
a rehabilitation physician and occupational therapist at
RUMC were planned for definitive inclusion and obtaining
signed informed consent. The inclusion criteria were (1) age
18 years or older, (2) diagnosis of NMD determined by
a neurologist using established criteria, and (3) subjective
experience of chronic fatigue with a clear effect on daily life
and social participation determined by an occupational
therapist. In addition, the occupational therapist assessed the
motivation and readiness to change as well as the ability to
formulate at least 3 personalized participation goals. This
study purposely included patients with various NMD, but the
recruitment was preferentially focused on patients with
FSHD, MM, and inclusion body myositis (IBM), as RUMC
hosts (inter)nationally recognized expert centers for these
specific NMDs. The exclusion criteria were (1) major car-
diorespiratory problems that precluded participation in AET,
(2) pregnancy, (3) limited life expectancy (<5 years) due to
known comorbid conditions, and (4) having participated in
the Energetic program or a similar intervention before. Be-
fore definitive inclusion, all participants were assessed by
a psychologist for possible depressive symptoms and other
psychiatric or cognitive symptoms, including addiction

Glossary
6MWT = 6-Minute Walk Test; ACS = Activity Card Sort; AET = aerobic exercise training; ARR = absolute risk reduction;
CBT = cognitive behavioral therapy; CI = confidence interval; CIS = Checklist Individual Strength; COPM = Canadian
Occupational Performance Measure; ECM = energy conservation management; FSHD = facioscapulohumeral dystrophy;
GSES = General Self-Efficacy Scale; HADS = Hospital Anxiety and Depression Scale; IBM = inclusion body myositis;MM =
mitochondrial myopathies; NMD = neuromuscular disease; NNT = number needed to treat; RUMC = Radboud University
Medical Center.
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problems, to determine whether patients could participate in
the Energetic program.11

Randomization and masking
Enrolled patients were randomized in a 1:1 ratio to either an
intervention group receiving the Energetic program or
a control group receiving usual care. Randomization, per-
formed by an independent statistician (H.G.), was based on
a computerized minimization algorithm with the following
minimization factors: sex (men vs women), work status (work
vs no work), diagnosis (FSHD, IBM,MM vs other NMD). All
outcomes (of both patients and caregivers) were assessed by
blinded and independent (occupational therapy) research
assistants and subsequently entered into a digital and vali-
dated database (Castor). Patients, caregivers, and therapists
could not be blinded, but all participants were urged not to
discuss their allocation status with the assessors. At all follow-
up assessments, assessors recorded whether their blinding
might have been broken.

Standard protocol approvals, registrations,
and patient consents
Full ethical approval was granted by the medical ethical
committee of the region Arnhem-Nijmegen (NL47624.091.14)
and the executive boards of all participating centers. All
patients provided oral and written informed consent. The trial
was registered at clinicaltrials.gov (NCT02208687). Details of
the study protocol were published previously.11

Intervention
Within 2 weeks after randomization, the intervention group
started the Energetic program, which was offered to small
subgroups with a minimum of 4 and a maximum of 8 patients.
Although a group program was applied, AET and self-
management strategies were individualized as much as possible.
The program was delivered by a physical and occupational
therapist and consisted of the following 4 modules, which
have been described in detail previously:11

Aerobic exercise training
During 16 weeks, patients received individually tailored AET
twice a week during the first 9 weeks (part 1) and once a week
during the last 7 weeks (part 2) with guidance from the
physical therapist. Patients were expected to perform physical
exercises at home once (part 1) and twice (part 2) weekly, so
that that the overall AET load amounted to 3 sessions of 30
minutes per week during the entire intervention period of 4
months. Training intensity was aimed at 50%–70% of the
maximum heart rate, based on a maximal cycling exercise test.
Training intensity was fine-tuned individually based on the
heart rate recovery guided by a heart rate monitor that
patients privately purchased or borrowed from the physical
therapist.12 Patients used the same heart rate monitor at
home. They reported the results of their home exercises
during the next group session in the clinical setting. The
training included different exercises, such as walking on
a treadmill, cycling on a home trainer, rowing on an

ergometer, and using a cross-trainer. The type of exercise
depended on personal preference, motor abilities, and prac-
tical possibilities.

Exercise education
In three 60-minute sessions during the first 3 weeks of the
intervention period, patients were educated about general
physical and aerobic exercise training principles in relation to
NMD. These sessions were given by a physical therapist.

Energy conservation management
During eight 90-minute sessions spread across the in-
tervention period, ECM training was supported by an occu-
pational therapist. These sessions included education and
discussion, extended by individual goal-setting, practicing
activities, and performing homework activities with the aim to
learn and apply energy conservation strategies in daily life.8,13

Implementation and relapse prevention
During 10 group sessions, physical and occupational thera-
pists or sports trainers supported and empowered the
patients with the implementation of AET and ECM in daily
life, with a specific focus on finding a sustainable way to
exercise at home. Caregivers were involved in 2 of these
sessions. In this module, different types of sports and exer-
cises were explored that would be suitable to continue in the
home environment.

In addition, a booster session of 2 hours with the physical and
occupational therapists was organized 2 months after the end
of the intervention period to reinforce previously learned
strategies and skills.

Patients in the control group were not prescribed (or with-
held) any specific intervention, which meant that some re-
ceived physical therapy in primary care, other forms of
multidisciplinary rehabilitation care, or no intervention at
all.14 Patients in both the intervention and control groups
were not discouraged from taking part in any additional ac-
tivities during the study period.

Individual therapy compliance was recorded by the therapists
regarding attendance of both the training and education ses-
sions. When applicable, patients were asked about their rea-
sons for noncompliance. At every assessment in both the
intervention and control groups, the consultation of health
care and social support professionals was recorded with
a questionnaire focused on the preceding months.

Procedure
The Energetic program was administered by a single occu-
pational therapist and a single physical therapist in each of the
3 health care settings. All therapists had received a 1-day ed-
ucation program about the pathophysiology and functional
consequences of different NMDs, the Energetic study pro-
tocol, and the content of the Energetic program. During the
study, all therapists joined 3 additional intervision sessions to
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discuss their experiences in order to support uniformity in the
delivery of the program. Irregularities affecting protocol ad-
herence were registered by the primary researcher (Y.V.).

Outcome data for patients and caregivers were collected be-
fore randomization (T0), immediately after the 4-month in-
tervention period (T1), at 3 months follow-up (T2), and at 11
months follow-up (T3). At baseline, demographic and clinical
characteristics (age, sex, education level, work status, type of
NMD) were collected for patients and their caregivers.

Outcome measures
The primary endpoint was the mean score of patient’s self-
rated performance of 3 to 5 self-selected daily occupations
identified with the Canadian Occupational Performance
Measure (COPM) performance scale at T1.15 Through
a semi-structured interview, patients identified and prioritized
problems in their occupational performance. These occupa-
tions were subsequently rated on a 10-point scale for per-
ceived performance (1 = not able at all; 10 = perfectly able).
Previous studies have shown that the COPM is a valid and
responsive instrument to assess participation problems
experienced by patients in self-care, productivity, and
leisure.16,17

We selected COPM-performance as the primary outcome,
and used Checklist Individual Strength–fatigue subscale (CIS-
fatigue) as a secondary outcome, because the main goal of our
intervention was to improve social participation based on
behavioral change rather than alter dysfunctional cognitions
or experienced fatigue. There are no objective measures of
social participation that would be able to pick up subtle, but
important changes regarding family life, leisure, work, and
maintaining relationships. Therefore, a personalized goal at-
tainment tool seemed to be the most suitable outcome
measure.18–20

Several secondary outcomes were selected to explore and
better understand any underlying physical, psychological, and
behavioral changes associated with improved social partici-
pation. These included patient’s self-rated satisfaction with
their performance assessed with the COPM satisfaction scale,
experienced fatigue assessed with the CIS-fatigue,21 func-
tional endurance assessed with the 6-Minute Walk Test
(6MWT),22,23 activity engagement assessed with the Activity
Card Sort (ACS),24,25 mood and anxiety assessed with the
Hospital Anxiety and Depression Scale (HADS),26 and self-
efficacy assessed with the General Self-Efficacy Scale
(GSES).27 In addition, caregivers were assessed for perceived
caregiver burden with the Zarit Burden Interview.28 Blinded
assessors monitored adverse events at each assessment.

Power
Based on a pilot study of 13 patients using COPM-
performance as a primary outcome,29 an estimate of the im-
provement with Energetic compared to usual care was set at
2.0 and the SD of change in each group at 1.7. Based on these

values, 13 participants would be needed in each group to
obtain a power of 80% using a 2-sided t test (α level 5%) in
order to detect a group difference in COPM-performance at
T1. Taking into account a dropout rate of 10%, a total of 30
participants would be required. However, to meet the re-
quired estimates for determining the cost-effectiveness (cost
analyses reported separately), our aim was to include at least
50 patients.

Statistical analysis
We used generalized estimating equations in a linear re-
gressionmodel to study the intervention effects for all primary
and secondary outcomes. The primary hypothesis was tested
solely based on the COPM-performance. The value of the
dependent variable at baseline (T0) as well as treatment
(Energetic vs control), time (T1, T2, T3), treatment × time
interaction, sex, diagnosis, and work status were included as
independent variables in all analyses. To account for varying
dependencies due to the unequal time periods between the
measurements, no prior assumptions were made on the
within-individual dependencies between the measurements
over time (expressed in the covariance matrix of the models).
Clinical setting was assigned randomly (as it was assigned to
the location that was closest to the patient’s home). The
variable was not added to the model as an independent var-
iable, because only a few patients were treated in a primary
health care setting. Estimates of the regression measures were
calculated, including their 95% confidence intervals (CIs),
based on the robust sandwich estimates of the standard errors.
All statistical analyses were based on the intention-to-treat
principle. To evaluate the effects of missing variables on the
observed results, a sensitivity analysis using a last observation
carried forward imputation technique was done for the pri-
mary outcome.

In a post hoc analysis, we used the Fisher exact test to com-
pare the proportion of patients in each group who reached the
minimal clinically important change on COPM-performance
from baseline. The threshold for this minimal clinically im-
portant change was defined as a difference of at least 2
points.30 In addition, the number needed to treat (NNT) was
calculated as the reciprocal of the absolute risk reduction
(ARR). All statistical analyses were done by an independent
statistician (M.A.J.) using Rstudio and SPSS version 22.

Data availability
Related study protocols and anonymized data will be shared
with qualified investigators on request, including stated data
sharing conditions (research question, ownership, security/
protection, and confidentiality of data) until 2026.

Results
The flowchart of the study participants is shown in figure 1. Of
the 129 patients who were assessed for eligibility, 53 met the
inclusion criteria and were enrolled from July 22, 2014, to
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September 1, 2015. Twenty-two of the 29 patients in the
intervention group (76%) and 19 of the 24 patients in the
control group (79%) had a caregiver who was able and willing
to co-participate. Patients in the intervention group received
Energetic in 3 different settings: (1) 3 groups in a university
hospital (n = 13), 3 groups in a rehabilitation center (n = 12),
and 1 group in a community health center (n = 4). The
reasons for nonparticipation by patients were (1) insufficient
motivation or readiness to change, (2) inability to imple-
ment the intervention in their personal agenda, and (3)
travel distance. During the intervention period, 3 patients
withdrew from the intervention group, of whom 2 were lost
to follow-up. During the follow-up period, 2 patients with-
drew from the control group and were lost to follow-up. In
addition, 8 caregivers were lost to follow-up during the entire
study period of 15 months (intervention group n = 5; con-
trol group n = 3).

In table 1, the baseline characteristics of the patients and
caregivers are presented for both the intervention and control

groups. The groups were similar at baseline with respect to
age, sex, work status, education level, and baseline values of
the primary and secondary outcomes. Type of NMD was also
similarly distributed among both groups. Most caregivers
were partners of the patients (n = 36); others were siblings (n
= 3) or children (n = 2).

Directly after the 4-month treatment period (T1), the in-
tervention group showed significantly higher mean COPM-
performance scores compared to the control group adjusted
for baseline, sex, diagnosis, and work status. This effect was
still significant at 11 months follow-up and after correction for
possible confounders. The adjusted mean group differences in
COPM-performance were 1.7 (95% CI 1.0–2.4) at T1, 0.79
(95% CI −0.2–1.8) at T2, and 0.85 (95% CI 0.0–1.7) at T3
(table 2, figure 2). Sensitivity analyses of the missing values for
COPM-performance scores (n = 2) showed a slightly lower
mean group difference at T1 (1.5; 95% CI 0.9–2.2) compared
to the primary analysis. Post hoc analysis showed that the
proportion of patients who had attained a clinically relevant

Figure 1 Flowchart of the study participants
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Table 1 Characteristics of the participants

Intervention group (n = 29) Control group (n = 24)

Patients

Age, y 52 (37–63) 50 (41–60)

Sex, male 8/29 (28) 9/24 (38)

Education levela

High 11/28 (39) 4/23 (17)

Middle 11/28 (39) 16/23 (70)

Low 6/28 (21) 3/23 (13)

Paid employment 13/29 (45) 12/24 (50)

Type of NMD

Facioscapulohumeral dystrophy 4/29 (14) 1/24 (4)

Inclusion body myositis 3/29 (10) 2/24 (8)

Mitochondrial myopathy 8/29 (24) 10/24 (42)

Hereditary motor and sensory neuropathy 3/29 (10) 2/24 (8)

Myasthenia gravis 2/29 (7) 2/24 (8)

Myotonic dystrophy type 1 2/29 (7) 1/24 (4)

Hereditary spastic paraplegia 1/29 (3) 1/24 (4)

Chronic idiopathic axonal polyneuropathy — 1/24 (4)

Congenital myopathy — 1/24 (4)

McArdle syndrome — 1/24 (4)

Congenital fiber type disproportion 1/29 (3) 1/24 (4)

Limb girdle muscular dystrophy — 1/24 (4)

Autosomal dominant distal and anterior dystrophy — 1/24 (4)

Kennedy syndrome 1/29 (3) —

Hyperkalemic periodic paralysis 1/29 (3) —

Duchenne carrier 2/29 (7) —

Postpolio syndrome 1/29 (3) —

Time since diagnosis, y 7 (0–41) 2 (0–39)

Caregivers

Partners 19 (86) 15 (88)

Age, y 55 (45–65) 53 (47–58)

Sex, male 13/22 (59) 12/18 (67)

Educational level

High 9/22 (41) 2/18 (12)

Middle 13/22 (59) 14/18 (82)

Low — 1/18 (6)

Paid employment 16/22 (73) 15/18 (83)

Abbreviation: NMD = neuromuscular disease.
Data are median (interquartile range) or n/N (%). Some percentages do not sum up to 100% due to rounding.
a Data missing from one patient in the intervention group and one in the control group.
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Table 2 Observed means (SDs) and estimated mean group differences (95% confidence intervals [CIs]) (adjusted for baseline values, sex, work status, and diagnosis) for all
outcome measures by point of measurement (patients and caregivers)

Baseline (T0)

Immediately
post
intervention
(T1)

3-Month
follow-up (T2)

11-Month
follow-up (T3) Intervention effect at T1 Intervention effect at T2 Intervention effect at T3

N
Mean
(SD) N

Mean
(SD) N

Mean
(SD) N

Mean
(SD) Mean (95% CI) p Value Mean (95% CI) p Value Mean (95% CI) p Value

Canadian Occupational Performance
Measure-performance scale (COPM-P score
1–10), higher scores indicate better self-
perceived performance of prioritized
occupations

Intervention 29 3.8 (1.3) 27 6.5 (1.4) 27 5.9 (2.0) 27 5.7 (1.9) 1.7 (1.0, 2.4)a < 0.0001 0.8 (−0.2, 1.8) 0.11 0.9 (0.0, 1.7) 0.049

Control 24 3.7 (1.2) 24 4.7 (1.4) 23 5.1 (1.9) 22 4.8 (1.8) 0.0 (ref) 0.0 (ref) 0.0 (ref)

Canadian Occupational Performance
measure-satisfaction scale (COPM-S score
1–10), higher scores indicate better self-
perceived satisfaction with performance of
prioritized occupations

Intervention 29 3.2 (1.4) 27 6.2 (1.6) 27 6.0 (1.8) 27 5.5 (1.5) 2.1 (1.2, 3.0) <0.0001 1.3 (0.3, 2.3) <0.0001 0.7 (−0.3, 1.7) 0.14

Control 24 3.1 (1.5) 24 4.1 (1.7) 23 4.7 (1.9) 22 4.8 (1.6) 0.0 (ref) 0.0 (ref) 0.0 (ref)

6-Minute Walk Test (meters), higher scores
indicate more meters walked in 6 minutes

Intervention 28 438 (95) 27 479 (97) 27 474 (94) 25 474 (95) 30.3 (12.4,
48.2)

0.00073 38.5 (11.3, 65.7) 0.0046 40.4 (16.0,
64.8)

0.00092

Control 24 445 (95) 23 463 (94) 21 450 (93) 20 440 (89) 0.0 (ref) 0.0 (ref) 0.0 (ref)

Checklist Individual Strength–subscale
fatigue (score 0–56), lower scores indicate
lower self-perceived impact of fatigueb

Intervention 28 41.1 (1.0) 26 31.0 (5.5) 27 33.0
(11.9)

26 36.8
(10.4)

−2.2 (−4.7, 0.3) 0.081 −3.9 (−8.5, 0.8) 0.095 −1.8 (−7.5, 3.9) 0.53

Control 24 44.9 (8.9) 22 35.0 (4.9) 21 40.0 (9.3) 18 40.4
(12.2)

0.0 (ref) 0.0 (ref) 0.0 (ref)

Activity Card Sort (%), higher percentages
indicate more participation in different
activities

Intervention 29 72.1
(12.0)

27 65.6
(10.4)

27 75.5
(12.4)

26 74.1
(13.5)

4.3 (−0.02, 8.5) 0.047 4.8 (−1.4, 11.0) 0.12 −1.1 (−7.7, 5.6) 0.75

Continued
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Table 2 Observed means (SDs) and estimated mean group differences (95% confidence intervals [CIs]) (adjusted for baseline values, sex, work status, and diagnosis) for all
outcome measures by point of measurement (patients and caregivers) (continued)

Baseline (T0)

Immediately
post
intervention
(T1)

3-Month
follow-up (T2)

11-Month
follow-up (T3) Intervention effect at T1 Intervention effect at T2 Intervention effect at T3

N
Mean
(SD) N

Mean
(SD) N

Mean
(SD) N

Mean
(SD) Mean (95% CI) p Value Mean (95% CI) p Value Mean (95% CI) p Value

Control 24 76.5
(15.3)

23 65.2
(12.6)

21 75.0
(17.5)

21 79.2
(17.0)

0.0 (ref) 0.0 (ref) 0.0 (ref)

General Self-Efficacy Scale (10–40), higher
scores indicate better self-efficacy

Intervention 28 34.1 (4.7) 26 32.2 (3.3) 27 31.3 (4.0) 26 32.1 (3.3) 1.0 (−0.80, 2.8) 0.27 0.7 (−1.2, 2.5) 0.46 −0.6 (−2.3, 1.1) 0.47

Control 24 33.8 (4.5) 22 31.2 (4.2) 21 30.6 (3.3) 17 32.9 (4.5) 0.0 (ref) 0.0 (ref) 0.0 (ref)

Hospital Anxiety and Depression
Scale–anxiety (0–21), lower scores indicate
lower levels of anxietyb

Intervention 28 6.0 (3.2) 26 5.0 (3.2) 27 4.3 (2.6) 26 4.5 (2.4) −0.4 (−1.6,
0.73)

0.46 −1.2 (−2.8, 0.41) 0.14 −1.0 (−2.3,
0.37)

0.15

Control 24 5.3 (3.2) 22 5.0 (3.0) 21 5.1 (3.0) 17 5.3 (3.6) 0.0 (ref) 0.0 (ref) 0.0 (ref)

Hospital Anxiety and Depression
Scale–depression (0–21), lower scores indicate
lower levels of depressed moodb

Intervention 28 5.4 (3.5) 26 4.5 (3.0) 27 4.7 (3.1) 26 4.3 (2.1) −2.1 (−3.4,
−0.71)

0.0022 −1.9 (−3.3,
−0.37)

0.013 −1.6 (−3.2,
0.056)

0.053

Control 24 4.8 (2.6) 22 5.7 (3.9) 21 5.3 (3.8) 17 4.8 (3.4) 0.0 (ref) 0.0 (ref) 0.0 (ref)

Zarit Burden Index (score 0–88), lower scores
indicate less caregiver burdenc

Intervention 22 14.4 (8.1) 20 15.7 (9.2) 19 15.7
(10.3)

17 18.8
(12.0)

0.9 (−1.96,
3.84)

0.52 −1.2
(−4.54,2.06)

0.45 3.7 (−0.12,7.4) 0.053

Control 19 15.3 (9.3) 17 16. 1 (8.0) 16 17.8
(10.2)

13 16.7 (9.7) 0.0 (ref) 0.0 (ref) 0.0 (ref)

Abbreviation: CI = confidence interval.
Descriptive data are presented asmeans (SD). For allmeasures, unless indicated otherwise, an increase in the score over time reflects improvement. Intervention effects are presented asmean group differences (95%CIs). For
patients, group differences were estimated using generalized estimating equations in a linear model with adjustments for baseline values, sex, work status, and diagnosis.
a Primary outcome.
b Decrease in the score over time reflects improvement.
c Caregiver outcome.
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improvement on COPM-performance (≥2 points) at T1 was
larger for the intervention group (21/29; 72%) than for the
control group (6/24; 25%) (Fisher exact test p = 0.001).
Clinically relevant deterioration only occurred in the control
group (7/24; 29%) (Fisher exact test p = 0.001). As a result,
the NNT for Energetic was 2.3 (95%CI 1.5–4.8) with an ARR
of 44% (95% CI 21%–68%).

The adjusted mean group differences in COPM-satisfaction
score were 2.1 (95% CI 1.2–3.0) at T1, 1.3 (95%CI 0.31–2.3)
at T2, and 0.70 (−0.25–1.7) at T3 (table 2, figure 3), in-
dicating significant effects in favor of the Energetic group
directly postintervention and at 3 months follow-up. Signifi-
cant effects in favor of the intervention group were also found
on the 6MWT (T1-T3), HADS-Depression (T1 and T2),
and ACS (T1) (table 2). There were no significant group
differences for CIS-fatigue, GSES, or HADS-anxiety. The
perceived caregiver burden was low for both groups and did
not show significant changes in time. At baseline, 19 care-
givers in the intervention group (79%) and 15 caregivers in
the control group (86%) scored lower than 24 points.31

Patients in the control group received their usual care con-
sisting of various interventions during the intervention period.
Thirteen patients (54%) received multidisciplinary re-
habilitation at a rehabilitation center, and 6 patients (25%)
received some form of allied health care in the community.
Five patients (21%) received no intervention at all. In the
intervention group, 13 patients (45%) visited additional allied
health care professionals (e.g., physical therapist, occupational

therapist, dietician, psychologist, speech-language therapist)
alongside Energetic. There were no irregularities affecting
protocol adherence by therapists. In 5 patients (17%), non-
compliance to one of the sessions was reported by the ther-
apist. With regard to adverse events, one patient (intervention
group) was admitted to a hospital for pneumonia and one
patient (intervention group) dropped out due to the inability
to continue participation in the Energetic program (figure 1).
Immediately postintervention, masking of assessors was
broken in 9 of the 53 cases (17%). At 3 and 11 months follow-
up, no further demasking occurred.

Discussion
This study showed that the Energetic self-management pro-
gram resulted in a significant improvement in social partici-
pation (COPM-performance) compared to usual care in
a heterogeneous group of patients with NMD who were
chronically fatigued. A post hoc analysis showed that a sig-
nificantly larger proportion of patients in the intervention
group (72%) achieved a clinically relevant improvement of
≥2.0 points on the COPM-performance compared to the
control group (25%) with an NNT of 2.3 for the intervention
group.30 In addition, patients’ satisfaction with their perfor-
mance (COPM-satisfaction scale) and functional endurance,
measured with the 6MWT, improvedmore after the Energetic
program compared to usual care, even though walking was
not the preferred type of exercise for many patients. After 3
and 11 months follow-up, most beneficial effects on social
participation and functional endurance were retained, al-
though the effects on social participation tended to become
smaller over time. Remarkably, experienced fatigue (CIS-
fatigue) and self-efficacy (GSES) did not significantly respond

Figure 2 Means with 95% confidence intervals of the Ca-
nadian Occupational Performance Measure,
Performance score (COPM) at different time
points

T0: baseline; T1: postintervention (4 months); T2: 3 months follow-up (7
months after randomization); T3: 11 months follow-up (15 months after
randomization) for the intervention group and control group.

Figure 3 Means with 95% confidence intervals of the Ca-
nadian Occupational Performance Measure,
Satisfaction score (COPM) at different time points

T0: baseline; T1: postintervention (4 months); T2: 3 months follow-up (7
months after randomization); T3: 11 months follow-up (15 months after
randomization) for the intervention group and control group.
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to treatment. This pattern of results may suggest that the
observed improvement in social participation was mediated
by changes in physical endurance and activity engagement
rather than by changes in experienced fatigue or self-efficacy.

Contrary to our expectations and to the results of our pilot
study,29 the Energetic program did not show a significant
effect on experienced fatigue (CIS-fatigue) compared to usual
care. Both the control and intervention group reported less
experienced fatigue after the intervention period. A possible
explanation may be a lack of contrast between both groups, as
19 patients in the control group received some form of re-
habilitation treatment or primary care physical therapy. An-
other explanation may be that Energetic primarily focused on
optimizing daily activities and social participation through
ECM and implementing behavioral change in daily life, rather
than on altering perceptions and cognitions concerning
chronic fatigue, which is the focus of CBT.10,13,32 Notably,
optimizing daily activities did not imply performing more
activities, which was indicated by a decrease in the ACS score
in both groups immediately post intervention, albeit smaller
in the Energetic group. Apparently, patients needed to initially
reduce the number of activities to eventually be able to op-
timize their activity pattern.33

We expected that the self-efficacy of patients would change
over time as a result of training self-management and
problem-solving skills. However, patients in the control and
intervention group already had high general self-efficacy
scores at baseline and showed minimal changes over time.34

With regard to emotional functioning, patients’ mood
(HADS-depression) appeared to be more responsive to the
Energetic program than anxiety (HADS-anxiety), as de-
pressive symptoms tended to get worse in the control group,
whereas they improved in the Energetic group. Caregiver
burden proved to be too low to pick up any treatment
effects.

Unlike previous research in NMD, our study investigated
an already existing multidisciplinary group intervention in
chronically fatigued patients with various types of NMD,
now implemented in different clinical settings based on
a pragmatic study goal and design.35 We combined (self-
management education about) AET, ECM, and support for
implementation and relapse prevention in a group in-
tervention, yet with clear individual differentiation where
needed. Because all training sessions were administered by
allied health professionals, the Energetic program is
implementable in different clinical settings and countries,
for different types of NMD. An advantage of Energetic
over CBT is that ECM and AET can be administered by
regular occupational and physical therapists, whereas CBT
must be given by highly trained psychologists. As self-
management is an ongoing process in people’s lives, short
booster sessions or self-help group meetings may poten-
tially prolong the benefits of Energetic as observed in the
present study.36

The heterogeneity of our study sample may be regarded as
a limitation from a mechanistic point of view. There is,
however, an increasing body of evidence that the mechanisms
underlying chronic fatigue, activity limitations, and partici-
pation restrictions share commonalities among various types
of chronic medical conditions, independent of their genetic
cause or molecular pathophysiology.10,37,38 Indeed, Menting
and colleagues10 showed that only 11% of the variance in
fatigue severity was explained by the type of chronic disease,
whereas 55% explained variance was reached when trans-
diagnostic factors were added to the model, such as sex, age,
motivational and concentration problems, pain, sleep dis-
turbances, physical functioning, reduced activity, and lower
self-efficacy concerning fatigue. Therefore, in the current
study, we deliberately made a next step by moving away from
a disease-oriented approach to a patient- and problem-
oriented approach. In this perspective, we aimed for func-
tional homogeneity regarding the effect of fatigue in daily life,
rather than homogeneity based on disease diagnosis. As ho-
mogeneous groups with a single NMD diagnosis are almost
impossible to recruit in daily clinical practice, the current
study has strong ecological validity and its results are probably
better generalizable than the results of NMD-specific studies.
Moreover, the applied multifaceted intervention is well fea-
sible in many different settings for patients with various types
of NMD and chronic fatigue.

As usual care in this study consisted of a variety of possibly
effective interventions, this type of control condition most
certainly reduced the contrast between our study groups,
rendering the group comparison less specific. Yet, from an
ecological point of view, comparing Energetic with usual care
fits best with regular clinical practice in most western coun-
tries, ensuring a realistic estimation of its effect size.

A limitation of a client-centered criterion-referenced out-
come, such as the COPM, is its inherently subjective nature as
well as the fact that personal goals may change over time. This
latter aspect may have further reduced the observed effect size,
since a priority indicated by a patient at baseline may not
always be his or her priority at follow-up.18 Therefore, further
research is needed to develop a patient-centered outcome
measure that accounts for changes in prioritized activities over
time. Future research should also gain insight in the personal
factors that contribute to the effects of Energetic in order to
optimize patient selection, timing of the intervention, and
relapse prevention.
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CORRECTIONS

Neuroanatomy of pediatric postoperative cerebellar cognitive
affective syndrome and mutism
Neurology® 2020;94:414. doi:10.1212/WNL.0000000000008668

In the editorial “Neuroanatomy of pediatric postoperative cerebellar cognitive affective syn-
drome and mutism” by Schmahmann,1 first published online September 16, 2019,
Dr. Albazron’s last name wasmisspelled. It appears correctly in the October 15, 2019, issue. The
author and the editorial team regret the error.

Reference
1. Schmahmann JD. Neuroanatomy of pediatric postoperative cerebellar cognitive affective syndrome and mutism. Neurology 2019;93:

693–694.

A large multicenter study of pediatric myotonic dystrophy type 1 for
evidence-based management
Neurology® 2020;94:414. doi:10.1212/WNL.0000000000008819

In the article “A large multicenter study of pediatric myotonic dystrophy type 1 for evidence-
based management” by Lagrue et al.,1 the sentence in “Discussion” (p. e861) should have
corresponded with the data in figure 1c and read: “In comparison to previous reports, the
observed paternal transmission rate was higher than expected (12.7% in the CF, 42% in the IF,
and 68.4% in the JF).” The authors regret the error.
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Self-management program improves participation in patients with
neuromuscular disease
A randomized controlled trial
Neurology® 2020;94:414. doi:10.1212/WNL.0000000000008713

In the article “Self-management program improves participation in patients with neuromus-
cular disease: A randomized controlled trial” by Veenhuizen et al.,1 first published online
September 30, 2019, the affiliations should have read: From the Departments of Rehabilitation
(Y.V., E.H.C.C., N.B.M.V., D.M.M., J.T.G., A.C.H.G.) and Neurology (B.G.M.v.E.), Donders
Institute for Brain, Cognition and Behaviour, Radboud University Medical Center, Nijmegen;
Department of Health Evidence (M.A.J.), Radboud Institute for Health Sciences, Radboud
University Medical Center, Nijmegen; and Rehabilitation Center Klimmendaal (N.B.M.V.,
B.J.v.K., A.H.), Arnhem, the Netherlands. The affiliations appear correctly in the October 29,
2019, issue. The publisher regrets the error.
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