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Dietary treatment in late-onset acid maltase deficiency |

Abstract Late-onset acid maltase deficiency or glycogen
storage disease type II (GSD II) is a rare disorder of in-
tralysosomal glycogen metabolism, resulting in progres-
sive myopathy that is secondary to increased muscle pro-
tein breakdown. Stable isotope studies in the postabsorp-
tive state have confirmed that mean protein breakdown in
GSD Il is increased by 31% compared to control subjects,
6.86 versus 4,69 g/kg per day, that mean protein balance
is reduced in GSD II -1.32 versus —1.06 g/kg per day. In-
direct calorimetry has demonstrated an increase in mean
resting energy expenditure in GSD II, 41.8 versus 31.2
keal/kg per day. Compliance following the introduction of
a high-protein diet is often poor due to the Jarge quantities
of protein necessary and to the high caloric intake with the
consequent weight gain. Only 23% of all reported sub-
Jects with GSD II showed an improvement of muscle or
respiratory function after a high-protein diet. Careful eval-
uation of the underlying pathophysiological changes in
GSD Il is necessary to develop more logical and therefore
more beneficial forms of dietary treatment.
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introduction

Acid maltase deficiency or glycogen storage disease type
II (GSD 1) was first recognised by Pompe as a clinical
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entity in 1932 in a 7-month-old child, who died from sud-
den heart failure, with massive glycogen accumulation in
almost all tissues [6]. Nevertheless it took another 20
years to characterise the biochemical defect as a defi-
ciency of the intralysosomal enzyme o-1,4-glucosidase
(acid maltase) [3, 6].

Various forms of treatment including enzyme replace-
ment therapy have been tried with differing success [7].
Dietary treatment was tried since the 1960s, but had no ef-
fect, until Slonim and coworkers [13] in 1983 treated a 7-
year-old boy with GSD II with a high-protein diet. His
muscle function improved but since then there have been
confradictory reports on the benafits

of this treatment.

Clinical presentation

The clinical spectrum of GSD II covers a wide range of
presentation with respect to age of onset. severity of
symptoms and prognosis, all including varying degrees of
myopathy. At either end of the clinical spectrum two phe-
notypes can be distinguished: the early-onset (infantile,
Pompe disease) and the late-onset, slowly progressive
{adult) form of presentation. Between these extremes
there is a’heterogeneous group of patients with juvenile or
muscle variant forms [6]. To add to the complexity of the
clinical spectrum, a lysosomal glycogen storage disorder
has been described without obvious deficiency of o-1,4-
glucosidase [6].

GSD 1l is an autosomal recessive disorder with an esti-
mated frequency of less than 1 in 100,000 newborns.
Around 15% of all subjects with glycogen storage disease
have GSD II [6]. The gene is located on the long arm of
chromosome 17423 [6] and several different mutations
have been detected. The biochemical and clinical hetero-
geneity is at least partly reflected in the genetic hetero-
geneity. but nevertheless it is not yet possible to correlate
clinical and genetic findings [6].
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Table 1 Protein and glucose
kinetics in GSD {I and control

GSD II (juvenile)
n =3 (age: 13-18)

Control subjects
n =235 (age: 20——54); .

subjects
Protein breakdown {g/kg/day)*
Protein synthesis (g/kg/day)*
Net balance (g/kg/day)?

Glucose production (mg/kg/min)?

2K g lean body mass as mea- REE (kcal/kg/day)*

sured by body impedance mea-
surement

6.86 (6.2-7.51)
5.54 (4.9-6.17)
-1.32

2.05 (1.45-2.93)
41.8 (36.7—18.3)

mean (range)

4.69 (4.15-5.11) -
' 3.63 (G.11406)

—-1.06

2.20.(2.08-2.25) -
31.2 (23.2-40.7y

mean (range)

Pathophysiology

Excess glycogen in the cytosol is taken up into lysosomes
where it is hydrolysed by o-1,4-glucosidase or in the ab-
sence of the enzyme it will accumulate {6]. Glycogen me-
tabolism in general is not affected but protein metabolism
within the skeletal muscle in subjects with GSD 1 is im-
paired [6]. Mechanical stress in muscles causes enlarged
lysosomes to rupture, releasing their contents into the cy-
tosol finally digesting muscle fibres [7]. This is not a uni-
form process in all groups of muscles, showing significant
intra- and inter-individual differences [6, 7]. The increase
in protein breakdown has been shown in various studies in
comparison to healthy subjects using both radioactive and
stable isotope tracers [2, 14].

Metabolic studies

The first isotope study was done by Umbleby and co-
workers [14] in 1989. The effects of a high protein diet on
leucine and alanine turnover in five adult patients with
GSD II were measured by employing radioactive tracer
techniques. There was no significant reduction in protein
turnover after a high protein diet in GSD II compared to
control subjects, who were on normal diet. However, ala-
nine production was significantly reduced on the high
protein diet, but this could be explained by a compen-
satory decrease in carbohydrate intake [14].

Studies at Great Ormond Street Hospital

In a preliminary study done by our group we measured, in
addition to leucine and glucose kinetics, resting energy
expenditure (REE), using stable isotope techniques and
indirect calorimetry in three subjects with juvenile GSD II
and five healthy control subjects [2].

Methodology

Leucine and glucose turnover were measured by a primed
constant infusion technique using 1-'3C leucine and (6,6)-
D, glucose as tracers following an overnight fast {1, 10].
After a prime of 0.1 mg/kg 1-13C bicarbonate, 0.5 mg/kg
1-13C leucine and 2.5 mg/kg (6.6)-D, glucose, a constant

infusion with 1-'3C leucine (0.5 mg/kg/h) and (6,6)-D,
glucose (2.5 mg/kg/h) for 4 h was started. Blood for stable
isotope enrichment was taken before the prime and every
15 min during the last 2 h of the infusion from an in-
dwelling cannula on the contralateral hand. The blood
samples were centrifuged immediately and the plasma
stored at —70°C until analysed by GC-MS (Incos XL,
Finnigan). Additional blood samples were taken for glu-
cose and amino acid concentrations in blood. Breath sam-
ples for enrichment in 3CO, were taken using a Douglas
bag and the breath transferred to vacutainers and stored
until analysed on an IRMS (Delta S. Finnigan).

Carbon dioxide production, oxygen consumption, res-
piratory quotient and resting energy expenditure were
measured continuously, using a Deltatrac I (Datex) while
the subject was resting on a bed for 45-60 min Lean body
mass was measured by using a bioelectrical impedance
meter [8].

Calculations of glucose and leucine turnover rates as
well as protein synthesis and breakdown rates were done
using established mathematical models [1, 10].

Results

Three subjects with the juvenile form of GSD II (aged
13-18 years) and five healthy volunteers (aged 20-54
vears) were studied. Two of the subjects with GSD II had
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Tabie 2 Dietary intervention

nGSD I Type of study No. of subjects Diet Outcome
Slonim et al. Case report 1 patient high-protein Improved
[13] (6 years) (25%-30% protein) muscle funct.
Margolis and Hill Case report 1 patient high-protein Improved
91 (55 years) (1.6 g/kg) resp. funct.
Isaacs et al. Case report | patient high-protein - Improved
{71 (33 years) (35% protein) ‘muscle funct.-
Umbleby et al. Leucine turnover | patient high-protein No change
[15] (radioactive tracer) (33 years) {21% protein) Aoa
Umbleby et al. Alanine/leucine flux 5 pat. (42-50 years)  high-protein No change
[14] (radioactive tracer) 5 cont. (25-57 years) (16%-22% protein)
Padberg et al. Muscle strength 5 adult patients high-protein No change
f12] pulmonary function
Demey et al. Case report 1 patient high-protein Improved
[4] (27 years) (17% protein) resp. function
Ferrer et al. Case report 1 patient high—ﬁrotein No change
[5] (21 years) (37% protein)
8 publications 5 case reports 16 patients high protein diet 4/16 patients
since 1983 3 studies 5 controls (16%—37% protein) improved

a waddling gait, one had severe respiratory dysfunction,
requiring overnight ventilation. The results for protein
turnover, glucose production rate and resting energy ex-
penditure are given in Table 1.

Conclusion

Muscle wasting and weakness in GSD 1II seem to be
caused by increased muscle protein breakdown. This is
also reflected in increased resting energy expenditure, as
the increase in protein breakdown is highly energy con-
suming. However protein balance remained negative, de-
spite a secondary increase in protein synthesis. Therefore
dietary treatment has to aim at reducing this increase in
protein breakdown towards normal levels, improving the
net protein balance.

Dietary treatment

Low carbohydrate diets, fructose, vitamin A supplementa-
tion and ketogenic diets proved to be of no benefit for
subjects with GSD II [6, 7]. Slonim et al. [13] observed an
early rise and. fall in plasma branched-chain aminoacid
concentrations following a protein load in one young pa-
tient with GSD II. They concluded that this was due to
protein utilisation occurring within the muscle as an alter-
nate source of energy, resulting in a state of relative pro-
tein deficiency, muscle wasting and weakness [13]. They
proposed a high-protein diet and observed an improve-
ment of muscular function in a 7-year-old boy after 12
months on a high-protein diet (25%-30% of total calories)
[13]. Since then the reports in the literature about the ben-
efits of high-protein diets have been contradictory. From
our own experience it is first difficult for the patients to
increase their protein intake by either taking additional
protein supplements or eating more meat and eggs. Sec-

ondly the patients usually gain considerable weight which
reverses part of the potential benefits of the diet as respi-
ratory function becomes impaired through an increase in
oxygen consumption and carbon dioxide production with
an increase in respiratory work.

Since 1983 there have been eight reports in the litera-
ture examining the benefits of a high-protein diet in sub-
jects with GSD II (Table 2). From 16 reported subjects
with GSD I ouly 4 (25%) showed either an improvement
of respiratory function or skeletal muscle function. The
remaining 75% did not show any signs of improvement
even after long periods on very high amounts of protein (>
30% of protein). A recent report highlighted the possibie
advantages of branched-chain amino acid enriched diets

[11].

Outlook

Further careful evaluation of the pathophysiology in GSD
1I is necessary so acceptable dietary treatment can be de-
veloped. Alanine as the key amino acid linking both pro-
tein and glucose metabolism within the muscle or insulin
whose known effects on muscle protein metabolism are
thoroughly documented are the most likely candidates for
future novel approaches.
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