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Abstract
Pompe Disease, also known as glycogenosis type 2, is due to deficiency in lysosomal alphaglucosidase, a lysosomal hydrolase, which presents infantile and late onset subtypes (LOPD).
The myopathy in LOPD can be reversed by Enzyme Replacement Therapy (ERT), but might
benefit from a concomitant low carbohydrate - high protein diet and aerobic exercise treatment.
From 65 Late onset Pompe cases, we were able to obtain in 58 a self-reported evaluation, most
of them gave a positive efficacy evaluation of Enzyme Replacement Therapy and they were
classified by a self-administered scale as Responders or non-Responders. A cooperative study of
a clinical group on LOPD monitored age, sex, BMI, Gardner-Medwin-Walton scale and six
minute walking test (6MWT). The only clinical parameters that were significantly associated
with a Responder category were the pre-ERT walking distance (p<0.035) and the use of regular
diet, exercise or both (p<0.029). The present study shows that in LOPD this condition can be
treated by ERT, but also benefits from concomitant diet and aerobic exercise therapy.
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Since 2006, enzyme replacement therapy (ERT) with
recombinant human acid α-glucosidase has been
approved for the treatment of Pompe disease. Studies in
neonates showing improved survival were the key fact
for market approval.1,2 Since then several studies in
children and adults have shown effects of ERT on
walking distance, pulmonary function, muscle
strength/function and also on survival.3–5 However,
results also suggest that there is a large variation in the
effects of treatment in these patients. The question to be
addressed is the possible efficacy of concomitant
exercise and nutrition in late-onset Pompe (LOPD), thus
the present study documents a Responder (R) and nonResponder (N) status based on patient derived outcomes.
With an incidence of approximately 1:40.000 to
1:200.000 births, research progress on this rare disease is
slow, hampered by the difficulty to obtain sufficient
patient numbers. For example, very little is known about
which factors explain the variability in the response to
ERT treatment that is observed both in children and
adults. Also, guidance on monitoring and treating these
patients is relatively scarce. There are currently no
internationally accepted guidelines for the ERT treatment
of older children and adults with Pompe disease,
although national guidelines have been published for
several European and non-European countries.6–10
Finally, development of expert consortia to provide
advice and leadership is described.

Formation of the European Pompe Consortium (EPOC)
and report of the 5th EPOC meeting
The organization of the network with a steering board
group, one representative for each country, and other
members, was discussed at the European Neuromuscular
Center (ENMC) meeting in 2014. It was agreed by the
organizers to propose a formal governance structure for
the network. This was incorporated in a final consortium
agreement, outlining the structure and rules of the
network. Combining clinical, biological and genetic data
from different European countries might generate a
sufficiently large dataset to allow research into
prognostic factors to progress. Furthermore, the joint
experience of experts who monitor and treat relatively
large numbers of patients with Pompe disease would
create a platform to develop recommendations on
monitoring and treating patients. Finally, the shared
knowledge and experience makes it an ideal organization
to provide advice and knowledge to health authorities and
policy makers. A consensus about start /stop criteria that
were developed by different centers and initiated the
EPOC work.11 The EPOC group has met regularly and
here are reported data presented and discussed on ERT
treatment at the 5th EPOC meeting in Hamburg in
February 2020, organized by Zoltan Lukacs and Benedikt
Scoser, at this meeting the participation was limited by
the Covid-19 pandemic restrictions.
-1-

Exercise and nutrition in late onset Pompe disease
Eur J Transl Myol 31 (2): 9798, 2021 doi: 10.4081/ejtm.2021.9798

Fig 1. Participants to 5th EPOC 2020, Erika House on 29 February, Universitatsklinikum, Hamburg-Eppendorf,
from left: Thomas Hundsberger, St Gallen, Switzerland; George Papadimas, Athens, Greece; Corrado
Angelini, Venice, Italy; Jordi Diaz-Manera, Barcelona, Spain; Stefan Hinze, Munich, Gemany; Benedikt
Schoser, Munich, Germany; Peter Meinke, Munich, Germany; Robin Lachmann, London, UK; James
Davison, London, UK; Mark Roberts, Manchester, UK.
The fifth EPOC consortium started on February, 28,
2020 and ended on February 29 at the Erika House, an
historical nurse House of Hamburg-Eppendorf Hospital
(Figure 1). There was a welcome-introduction from
Zoltan Lukas, which gave an overview of Pompe
screening status, its world-wide use, its problems, the
outlooks and new developments. This was followed by
discussion
on
different
methodologies
and
recommendation for a more widespread use. Simon
Heales reviewed the use of urinary tetrasaccaride
(Hex4/Glc 4) in his experience in diagnosis and followup of Pompe children used at Great Ormon Street
Hospital (GOSH), as an efficient support to enzyme
analysis that usually is done with acarbose inhibition.
Vacuolated lymphocytes represent a good disease
hallmark, as well as Hex4/Glc4 are useful diagnostic
prognostic biomarkers of Pompe disease. Dr Mark
Roberts discussed advances in treatment and possible
gene therapy application in these patients. James Davison
presented his experience with low dose ERT (20
mg/every week) in children, promising for heart
treatment. In his series of 33 infants treated at GOSH: 14
were alive, 12 deceased, 5 children none treated.
Discussion of data presented followed and continued at a
dinner at Dorint Hotel. On February 29, 2020 Benedikt
Schoser introduced the second session, while Zoltan

Lukacs was hospitalized for a Covid-19 infection. Dr
Jordi Manera Diaz discussed the role of muscle imaging
detecting fat and connective tissue infiltration during
ERT, while Stefan Hinze presented experimental data on
Pompe myoblasts. This was followed by a presentation
by Corrado Angelini on ERT treatment results and effect
of exercise and nutrition as concomitant supportive
therapy to ERT. Jon Muir of International Pompe
Association presented the patient prospective after
several years of various ERT regimens and opinions
about screening and diagnosis options. He underlined
future public initiative such as an International Pompe
day and status of the art in collaboration, since
participants collaborated describing which assessments
and progresses obtained for Pompe patients and whatever
research activity were applied in the participants’ center
and/or clinic. Through discussion between all
participants, consensus was reached on all topics.
Because the assessments used and criteria applied may
differ between infants, children and adults, this meeting
focused on reaching consensus on several research and
clinical topics relevant for adult and children patients.
The presentation on the effect of concomitant effect of
nutrition and exercise to ERT done by Corrado Angelini
on behalf of Italian Pompe group follows below.
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Grade 6 = incapacity to climb stairs;
Grade 7 = incapacity to rise, from a chair;
Grade 8 = unable to walk unassisted;
Grade 9 = unable to eat unassisted.
The GSGC scale provides a time quantitative and scored
measurement of four main motor performances:12
G: gait (walk 10 meters)
S:
stairs (climb 4 steps)
G: Gowers’ maneuver (raise from the floor)
C: chair (rise from a chair).

Exercise and nutrition in late onset Pompe disease
This report presents the results of the Italian LOPD study
group on 65 patients. The investigation aimed to improve
response to ERT in adult patients, assessing if the
prescription of a regular diet and exercise proved to be
beneficial and should be included in recommendations.

Materials and Methods
Patients
Patients were enrolled by several Italian Centres: the
Coordinator Centre for Pompe analyzed the data by nonparametric Mann-Whitney and Pearson’s chi-squared
tests and studied correlations. It was agreed that in order
to start treatment a patient needs to be symptomatic.
Asymptomatic patients should be closely monitored.
Severely affected patients can also start treatment, as
long as they have some remaining muscle function. After
starting treatment a patient enters a two-year trial period,
in which he/she is being evaluated using the clinical
outcome measures further described. In principle,
treatment will be discontinued if during the two-year trial
period there is no sign of stabilization or improvement.
However, if the patient deteriorates after stopping
treatment, restarting treatment can be considered. The
main inclusion criteria were: age ≥ 18 years; diagnosis of
LOPD confirmed by enzymatic test and/or genetic
analysis; regular ERT for at least 2 years. Main exclusion
criteria were: presence of significant cardiovascular
diseases
(assessed
by
electrocardiogram
or
echocardiography); wheelchair bound patients.

It was agreed that in order to start treatment a patient
needs to be symptomatic. Severely affected patients can
also start treatment, as long as they have some remaining
muscle function, after a patient enters a two-year trial
period, in which he/she is being evaluated using the
clinical outcome measures described , treatment will be
discontinued if during the two-year trial period there is
no sign of stabilization or improvement. However, if the
patient deteriorates after stopping treatment, restarting
treatment can be considered.
Muscle strength
Manual muscle testing using the Medical Research
Council (MRC) grading scale was selected to assess
muscle strength. To ensure these data are consistent, a
scale ranging from 0 to five without +/– notification
should be used. Muscle groups to include are (left and
right side if applicable): neck extensors, neck flexors,
shoulder abductors, elbow flexors, elbow extensors, hip
flexors, hip extensors, hip abductors, knee flexors, knee
extensors. Excluded muscle groups were the shoulder
adductors, arm extra-rotators and endo-rotators muscle
groups, since these are relatively difficult to measure and
to standardize, and the strength of these muscles is
usually reflected by that of the arm abductors.

Outcome dataset for adult patients
According to the EPOC study the results of the different
outcome measures were used, but also indicated by a
minimal dataset.
This was discussed for each of the different clinical
domains affected in adult patients (i.e. skeletal muscle
strength and function).

Pulmonary function:
Forced vital capacity (FVC) in sitting and supine position
were included to assess pulmonary function. It is
important to measure FVC in both sitting and supine
position, because diaphragmatic weakness is common in
Pompe disease

Muscle function: 6 minute walk test, Gardner-MedwinWalton (GMW)
The 6 minute walk test (6MWT) and GMW were selected
to assess muscle function. The 6MWT provides
information on endurance as well as walking speed.12 A
major reason to include the 6MWT is that it has been used
as a major clinical outcome measure in all clinical trials
of adults, and GMW scale as monitoring tool used in
many centres, allowing for long-term follow-up and
comparability. The grade of GMW scale was obtained for
each patient as follow:
Grade 0 = hyperCKemia, all activities normal;
Grade 1 = normal gait, unable to run freely, myalgia;
Grade 2 = incapacity to walk on tiptoes, waddling gait;
Grade 3 = evident muscular weakness, steppage and
climbing stairs with banister;
Grade 4 = difficulty to rise from the floor, Gowers’
sign;
Grade 5 = incapacity to rise from the floor;

Patient reported outcomes
For ERT treatment as a new item of response in this study
was used a disease-specific activity scale, here presented
(Figure 2). This brief questionnaire consists of 5 items
and was developed to measure the change of function
evaluated by late-onset Pompe patients’ in their ability to
carry out daily life activities and functions similar to what
described in GSGC scale. This scale was validated in 40
patients in a previous study showing improvement of
functions.13
Nutrition and exercise information collected in the study
To allow objective and self-reported dataset to be used
for analysis of the effects of treatment and prognostic
factors, it is important to collect information on treatment
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Fig 2. Patient self-administered questionnaire to evaluate ERT efficacy
(has the patient regularly received medication for Pompe
disease, and if so, which treatment and since/until when)
as well as type of exercise and nutrition status (including
daily diet and type of diet) as supportive therapy. A study
published in the pre-ERT era, dealing with LOPD
patients on high-protein diets, reported that only 25% of
patients showed improvement in muscle or respiratory
function. However, the compliance to the diet was very
poor. The authors attributed the problems of compliance
to the large amount of prescribed proteins and to the
associated perceived risk of weight gain.12 The LOPD
patients interviewed personalized their own diet and
exercise regimen. The lack of studies on nutritional
interventions in LOPD patients receiving chronic ERT
was only recently partially filled by a study in 11 patients
evaluating their VO2 max.14

efficacy evaluation of ERT and they were classified by
the self-administered scale as Responders (R) or nonResponders (N). Of the 58 LOPD patients recruited
(Figure 3), the majority (35 patients), self-reported a
positive improvement in their function, 11 had a two
grades gain of function and 24 performed the same
function more easily (such as walking, Gowers’
maneuver, climbing stairs). 18 patients reported no
variation in their motor functions while 4 reported less
ability in their functions and only one reported loss of
function(s). We therefore divided our series in 35 R =
Responders including in this category patients that were
stable while 23 were classified in the Non-responder = N
category. We studied in Responders and Non-responders
average and standard deviation, clinical efficacy by
nonparametric Mann-Whitney test making comparisons
to the following variables: age at onset of ERT, the initial
Gardner-Medwin-Walton grade, BMI, duration of ERT
treatment that resulted not significant. This was analyzed
for each variable but the only significant parameter was
a better performance in meter length walked in 6MWT at

Results
In 65 LOPD cases, followed by the Italian Group,
coordinated by three physicians (C. Angelini, A.
Toscano, T. Mongini) most of the patients gave a positive

Fig. 3.Results in 58 LOPD of ERT efficacy evaluation
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Table 1. Parameters of Clinical efficacy in Non-responders (N) and Responders (R) patients
Average
Age (yrs)
Disease
duration
(yrs) at T0
BMI at T0
GMW at
T0
6 MWT at
T0
FVC at T0

Patient number

P MannWhitney

SD

N
46.04

R
45.11

N
25

R
36

N
10.81

R
13.56

N.S.

17.20

14.42

25

36

9.57

9.10

N.S.

25.11

22.70

13

22

5.97

5.37

N.S.

3.91

3.22

22

23

2.47

1.98

N.S.

238.27

344.40

15

25

159.40

112.10

0.035

60.36

67.80

23

33

28.30

19.83

N.S.

Gender
M
F
Supportive therapies
Diet and physical
activities
Only diet, only physical
activities, none

Patient number (%)
N
R
13 (52%)
12 (34%)
12 (48%)
23 (66%)
Patient number (%)
N
R
5 (20%)

17 (47%)

20 (80%)

19 (53%)

Pearson Chi square
N.S.
N.S.
Pearson Chi square

0.029

SD, standard deviation; P Mann-Whitney and Pearson Chi square: N.S., non-significant
onset before ERT i.e. 344 meters in Responders versus
238 meters in Non-responders (p<0.035) (Table 1).
By the self-evaluation questionnaire the patients that
gave a positive efficacy evaluation of ERT were 35 cases,
while 18 reported stable conditions, they were classified
by the self-administered scale in Non-responders (N), the
gender in these groups was equally represented.
Then supportive therapies were further studied by the
Pearson’s chi-squared test that showed that a clinical
parameter significantly associated with a Responder
category was the use of supportive therapies such as
regular diet or exercise or both. Of patients following
both diet and exercise 47% were in R category. Those
following only either regular diet or exercise in 53%
resulted in the R category (p < 0.029).

concomitant follow-up for regular exercise and nutrition
status (including daily diet and type of diet) that might
result in a positive recommendation for these supportive
therapy in patients with a confirmed diagnosis. Similarly,
the European Pompe Consortium recommends initiating
ERT in symptomatic patients who agree to regular
treatment and monitoring, have residual skeletal and
respiratory muscle function, and do not have another lifethreatening illness in an advanced stage.11 However, to
better identify the predictors of the therapeutic response,
it is crucial to continue to collect data on cohorts of
patients with LOPD. In LOPD patients receiving chronic
care a protein rich diet or exercise was tried by Slonim et
al.12 but it could be linked to limited results because of
the difficulty of guaranteeing compliance to high-protein
diets, as a consequence of the lower palatability of many
high-protein foods compared to those with high
carbohydrate content, or of the higher satiety power of
proteins, which may lead to a reduction in food. The
Slonim study published in the pre-ERT era, dealing with
LOPD patients on high-protein diets, reported that only
25% of patients showed improvement in muscle or
respiratory function. There is only one study on
nutritional interventions in LOPD patients receiving
chronic ERT.14 The current standard of care for Pompe

Discussion
ERT has been studied in numerous European series of
patients.5,15 To allow to better monitor ERT a choice of
responder patients would be required, this was the main
result in our study, in order to further analyze the effects
of treatment and prognostic factors, it is important to
collect information on treatment (has the patient
regularly received medication for Pompe disease, and if
so, which treatment and since/until when) as well as the
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disease is the administration of enzyme replacement
therapy (ERT),16 while exercise and nutrition should be
considered as complementary strategies rather than
“treatments” per se. Nutritional assessment is important
in patients with motor disability because the relative lack
of exercise limits energy expenditure and thus the total
amount of energy must be reduced to avoid obesity. A
lower total energy intake often leads to lower protein and
micronutrient intake. Consequently, ensuring that LOPD
patients are tested for and replaced for deficiencies
(protein, vitamin D, etc.) is an important aspect of care.
Furthermore, given the role of autophagy in the
pathophysiology of LOPD, and the fact that exercise
induces autophagy,17 it is important that strategies such
as diet and exercise are used in combination to ERT.
In conclusion, the available data show that pre-ERT
performance during 6MWT is a significant factor
associated with Responder category. In LOPD patients
there was non-significant improvement of muscle
strength,18 while respiratory status was maintained.19
More prospective data would be needed to prove the
effect of supportive therapies, but the present results
show the importance of a dietary and exercise protocol
concomitant to ERT.
Furthermore we propose that in future the use of a mobile
App may implement controls on such benefits for
patients.20
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