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Background: Pompe disease is an inherited metabolic disorder characterized by
a-glycosidase deficiency, which leads to lysosomal glycogen accumulation in many dif-
ferent tissues. The infantile form is the most severe with a rapidly fatal outcome, while
the late onset form has a greater phenotypic variability, characterized by skeletal muscle
dysfunction and early respiratory involvement. Bone mineral density (BMD) has been
recently reported to be reduced in many patients with both forms of the disease. En-
zyme replacement therapy (ERT) is now available with an undefined, impact on BMD in
patients with late onset disease.

Objectives: The present study aimed to investigate BMD in patients with late onset form
of Pompe disease before and after ERT initiation.

Patients and Methods: Dual x-ray absorptiometry (DEXA) was examined in four newly
diagnosed patients with late onset Pompe disease and in four adults under ERT before
and after ERT initiation with a treatment duration of 18 to 36 months.

Results: The initial DEXA showed normal total body BMD z-score in all the patients, while
L2-L4 and femoral neck BMD was reduced in three and two patients, respectively. After
ERT administration, two patients had an improvement in L2-L4 lumbar spine and one
patient in femoral neck BMD z-score with values within normal range.

Conclusions: The results suggested that regional BMD may moderately reduce in some
patients with the late onset form of Pompe disease, although profound osteopenia was
not observed. The improvement of measurements in L2-L4 and femoral neck BMD z-
score in some patients with low pre-treatment values after ERT administration needs to
be confirmed in larger scale studies.
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1. Background

Pompe disease is a recessively inherited lysosomal stor-
age disease caused by total or partial acid a-glucosidase
(GAA) deficiency which leads to glycogen accumulation
in many tissues. Disease manifestations and the clinical
course differ according to onset age , organ involvement
extent,and GAAresidual activity levels seem to determine
the resulting phenotype partially (1, 2). Patients with the
infantile form are the most severely affected group, and
exhibit the first symptoms soon after birth, while the
adult form is milder, presenting with progressive proxi-
mal muscle weakness (3, 4) and early respiratory involve-
ment (5). The administration of enzyme replacement
therapy (ERT) (Genzyme Corporation, Cambridge, MA,
USA) has decisively improved the natural course of the
disease in infants and has reversed the fatal outcome (6).
Furthermore, a growing body of evidence suggest that
ERT may stabilize or even slightly improve the clinical
performance of patients with the late onset form of the
disease, although concrete conclusions cannot still be
reached (3,7, 8).

Osteoporosis is a common multifactorial skeletal disor-
der which results from an imbalance in bone remodelling
and increases the risk of fractures. The level of exercise is
aleading factor for peak bone mass modulation (9). There
are recent studies confirming a diminished bone mineral
density (BMD) in both children and adult patients which
may be attributed to the reduction of mechanical load
placed on bones by the weakened muscles (4, 10).

2. Objectives

The present study aimed to assess the bone mineral sta-
tus in newly diagnosed patients with the late onset form
of the disease before starting treatment and to investi-
gate whether it may be positively influenced in patients
under ERT.

3. Patients and Methods

Four newlate onset patients (patients 5- 8) recently
diagnosed with Pompe disease (3 males, 1 female), and
four old patients (patients 1-4) who have been receiving
ERT systematically for up to 34 months were included in
the present study (Table 1). Patients who were wheelchair-
bound or patients under ERT who did not receive regular
intravenous infusions, were excluded from the present
survey. Muscle strength was measured by manual muscle
testing according to the MRC (Medical Research Council)
scale (Grade 5: Muscle contracts normally against full re-
sistance, Grade 4: Muscle strength is reduced but muscle
contraction can still move joint against resistance, Grade
3: Muscle strength is further reduced such that the joint
can be moved only against gravity with the examiner’s
resistance completely removed, Grade 2: Muscle can
move only if the resistance of gravity is removed, Grade
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Table 1. Patients’ Characteristics at the Time of Diagnosis

o-Glucosidase in Fibroblasts Clinical Characteristics

nmoles, mg.min?’

IVS1-13 T> G and 925G > A (GlyC309Arg) 0.10

Patient Sex Age,y Manual Muscle SeverityScore* Mutation

Testing Score

30

Easy fatigability since early adulthood and

proximal weakness by the age of 60

71

Proximal weakness since late adolescence

0.21
0.26

IVS1-13 T> G (homozygous)

IVS1-13 T> G and

2,5

29
37

46
40

Waddling gait since the last decade

€.2066-2070dup.
IVS1-13 T> G and

Respiratory insufficiency and proximal

0,08

34
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0,968

1,446
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19

36,7

-1,6 0,897 27999
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0,1
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31.4
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-0.4
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1.1
4 Abbreviations: ERT, Enzyme replacement therapy; BMD, Bone mineral density; LBM, Lean body mass
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0
0,1
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1: only a trace or flicker of movement is seen, Grade 0: No
movement is observed) (11). A sum-score ranging from
0-40 was calculated for each patient by bilateral exami-
nation of shoulder abductors, elbow flexors, hip flexors
and knee extensors. The stage of the disease was assessed
by the modified Walton muscle function scale (Grade 0:
Preclinical. All activities normal, Grade 1: Walks normally.
Unable to run freely, Grade 2: Detectable defect in posture
or gait. Climbs stairs without using the banister, Grade
2.5: Sometimes needs to use bannister to climb stairs,
Grade 3: Climbs stairs only with the banister, Grade 3.5:
Sometimes climbs stairs with the banister, but at other
times unable to climb stairs even with banister, Grade 4:
Walks without assistance. Unable to climb stairs, Grade
5: Walks without assistance. Unable to rise from a chair,
Grade 6: Walks only with callipers or other aids, Grade 7:
Wheelchair bound) (12). The diagnosis was based on the
deficient GAA activity in skin cultured fibroblasts, and ge-
nomic DNA mutational analysis isolated from peripheral
blood leukocytes (Table 1).

Body composition analysis was performed by dual
x-ray absorptiometer (DXA model DPX-L, LUNAR Radia-
tion, Madison, WI, USA) and was analyzed by the LUNAR
Radiation body composition program in all the patients
under study. Fat mass, LBM and BMD were measured for
the total body, the lumbar spine (L2-L4) and femoral neck,
respectively. No approval was needed by Ethics Commit-
tee, as this test is routinely performed in patients with
muscle diseases. Two different investigators performed
all analyses and the mean value was used for further
analyses. Based on the World Health Organization stan-
dards, all subjects with BMD z score greater than -1 were
considered as normal, those with BMD z score between
-1 and -2,5 were diagnosed as osteopenic and those with
BMD z score less than-2,5 were diagnosed as having osteo-
porosis (13). The measurements were repeated in the four
patients under ERT with alpha-glucosidase (Myozyme,
Genzyme, USA) that was administered intravenously at a
rate of 20 mg.kg! biweekly (14). No significant side effects
were reported during the infusions.

DXA measurements (baseline values from all the pa-
tients and the last measurements from the four old pa-
tients under ERT) are shown in Table 2.

3.1. Statistical Analysis

Means + SD were used to describe variables. Dependent
student t-test was employed to investigate differences in
body composition before and after one year of enzyme
replacement therapy in late onset Pompe disease pa-
tients. P< 0.05 was used as a two tail level of significance.

4.Results

The present study consisted of four newly diagnosed
patients (three males and one female) with the late on-
set form of Pompe disease and four patients (one male
and three females) under ERT for at least more than 18
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months. All the patients had a baseline DXA scan per-
formed after the confirmation of the diagnosis. The most
common mutation c.-32-13T > G (IVS1-13T > G) was present
in all of them and their clinical characteristics are sum-
marized in Table 1.

All the patients had normal total-body BMD z-score at
baseline. Lumbar spine (L2-L4) and femoral neck BMD
were in the range of osteopenia in three (1, 4 and 6) and
two patients (2 and 4), respectively. Their BMD values and
soft tissue measurements (lean body mass and body fat
percentage) are shown in Table 2.

The administration of ERT did not substantially change
the total body BMD measurements in the four patients
under treatment. However, L2-L4 BMD was normalized
in the two patients (1 and 4) who had initially lumbar os-
teopenia, while femoral neck BMD fell within the range
of normal reference values in patient 2, who had previ-
ously osteopenic measurements. Total lean body mass
substantially increased after 25 months under ERT in pa-
tient 3 (pre-ERT: 46141g vs post-ERT: 51654g, Table 2), who
showed at the same time a remarkable body fat reduction
(pre-ERT: 36.2% vs post-ERT: 26.8%, Table 2). On the contra-
ry, body fat was increased in patient 4 after 19 months of
treatment, while lean body mass remained practically
unaltered.

5. Discussion

Osteoporosis is a progressive systemic skeletal disorder
characterized by low BMD, and bone micro architecture
deterioration (13). Normal muscle function is required
to maintain a healthy skeleton. A plethora of neuromus-
cular diseases that affect muscle strength, such as myas-
thenia gravis, Duchenne muscular dystrophy or spinal
cord injury result in diminished bone properties (15).
There are recent studies supporting the hypothesis that
low BMD may be a frequent finding in adult patients with
Pompe disease due to lower mechanical load applied on
bones by the weakened muscles (4, 10). In the current
study, DXA was used to measure BMD and soft tissue com-
position in patients with the late onset form of Pompe
disease. Although this technique has some limitations,
such as the inability to measure cortical area and a real
volumetric bone density (17), it remains a common and
reliable method to evaluate bone mineral status and is
used to diagnose osteoporosis and to predict fracture
risk (18). The results reconfirmed that osteopenia may
be present at diagnosis time in bones which are adjacent
to the insertion of affected muscles, such as femur and
lumbar spine. Muscle weakness reduces the application
of mechanical forces on the skeleton, which are essen-
tial for bone remodelling and adaptation to keep high
bone strength (17). Similarly, BMD in the proximal femur
but not the lumbar spine is severely diminished in boys
with Duchenne muscular dystrophy early in the disease
course before ambulation is significantly affected (19).
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Despite the fact that low BMD values at femoral neck
and L2-L4 lumbar spine may be causally associated with
the strength diminution in the proximal part of lower
extremities and paraspinal muscles, no statistical corre-
lation seems to exist (data not shown). A reasonable ex-
planation could be that other factors can influence bone
health. BMD is primarily influenced by everyday activity
level of various body parts (20), hormonal profile (21),and
gender and age (22). The present study patients followed
a sedentary lifestyle with a rather low level of physical
activity at the time of the initial body composition meas-
urement. The age might not affect BMD except in patient
1who was 71 years old at baseline measurements and she
had reduced L2-L4 BMD z score values within the range of
osteopenia.

There is an increasing body of scientific data suggest-
ing that ERT may improve muscle strength and respira-
tory function in some patients with the late onset form of
the disease (3, 7, 8, 21). Thus, it was investigated whether
ERT administration could have a positive effect on BMD
in patients who received treatment biweekly for 19 to
34 months (Table 2). The slight tendency towards L2-L4
improvement and femoral neck BMD z-score in some
patients with low pretreatment BMD values compatible
with regional osteopenia can not substantiate per se
a possible ERT effect on bone metabolism, and further
studies in a larger scale of patients are needed before
reaching final conclusions. Moreover, the absence of re-
markable changes in BMD before and after treatment
may be reasonably attributed to lack of alterations in
physical activity levels of patients during ERT.

Based on the results of the current study, patients with
Pompe disease seem to be at greater risk for osteoporosis
(4, 10). Although osteopenia does not result in fractures
by itself, it may increase traumatic fractures especially
when combined with physical impairment and a higher
incidence of falls as in patients with an underlying myo-
pathy (25). Dual x-ray absorptiometry is a common labo-
ratory method to assess body composition (23), which
may be valuable either to monitor changes associated
with the disease or to evaluate the effectiveness of alter-
native therapeutic interventions such as nutrition pro-
gram and exercise training.

In line with previous studies, the current study suggests
thatregional BMD in femoral neck and lumbar spine may
be moderately reduced in patients with late onset form
of Pompe disease, although it is important to emphasize
that the small sample size of the study prevented the use
statistical tests and limited the ability to generalize the
findings. It is recommended that longitudinal studies
are undertaken to ascertain the extent that the low me-
chanical stress applied on bones by the weak muscles
is responsible for the diminished mineral density and
whether alterations of extrinsic materials properties,
such as bone geometry and bone mass may also co-exist.

Int J Endocrinol Metab. 2012;10(4)



Bone Density in Pompe Disease

Papadimas G et al.

Acknowledgments

None declared.

Financial Disclosure

None declared.

Funding/Support

None declared.

References

1

10.

Kishnani PS, Hwu WL, Mandel H, Nicolino M, Yong F, Corzo
D. A retrospective, multinational, multicenter study on the
natural history of infantile-onset Pompe disease. | Pediatr.
2006;148(5):671-6.

Kroos M, Hoogeveen-Westerveld M, van der Ploeg A, Reuser AJ.
The genotype-phenotype correlation in Pompe disease. Am ] Med
Genet C Semin Med Genet. 2012;160(1):59-68.

Katzin LW, Amato AA. Pompe disease: a review of the current di-
agnosis and treatment recommendations in the era of enzyme
replacement therapy. J Clin Neuromuscul Dis. 2008;9(4):421-31.
van den Berg LE, Zandbergen AA, van Capelle CI, de Vries JM, Hop
WC, van den Hout |M, et al. Low bone mass in Pompe disease:
muscular strength as a predictor of bone mineral density. Bone.
2010;47(3):643-9.

Mellies U, Lofaso F. Pompe disease: a neuromuscular disease with
respiratory muscle involvement. Respir Med. 2009;103(4):477-84.
Kishnani PS, Corzo D, Nicolino M, Byrne B, Mandel H, Hwu WL,
et al. Recombinant human acid [alpha]-glucosidase: major
clinical benefits in infantile-onset Pompe disease. Neurology.
2007;68(2):99-109.

Merk T. Enzyme replacement therapy in late-onset type II glyco-
genosis. Eur | Neurol.2009;16(7):e124.

Strothotte S, Strigl-Pill N, Grunert B, Kornblum C, Eger K, Wes-
sig C, et al. Enzyme replacement therapy with alglucosidase
alfa in 44 patients with late-onset glycogen storage disease type
2: 12-month results of an observational clinical trial. ] Neurol.
2010;257(1):91-7.

Sandhu SK, Hampson G. The pathogenesis, diagnosis, in-
vestigation and management of osteoporosis. | Clin Pathol.
2011;64(12):1042-50.

Papadimas GK, Terzis G, Methenitis S, Spengos K, Papadopoulos
C, Vassilopoulou S, et al. Body composition analysis in late-onset

Int J Endocrinol Metab. 2012;10(4)

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

Pompe disease. Mol Genet Metab. 2011;102(1):41-3.

John ]. Grading of muscle power: comparison of MRC and ana-
logue scales by physiotherapists. Medical Research Council. Int |
Rehabil Res.1984;7(2):173-81.

Slonim AE, Bulone L, Goldberg T, Minikes ], Slonim E, Galanko ], et
al. Modification of the natural history of adult-onset acid malt-
ase deficiency by nutrition and exercise therapy. Muscle Nerve.
2007;35(1):70-7.

Kanis JA. Assessment of fracture risk and its application to
screening for postmenopausal osteoporosis: synopsis of a WHO
report. WHO Study Group. Osteoporos Int.1994;4(6):368-81.

van der Ploeg AT, Reuser A]. Pompe's disease. Lancet.
2008;372(9646):1342-53.

Consensus development conference: prophylaxis and treatment
of osteoporosis. Osteoporos Int.1991;1(2):114-7.

Gross TS, Poliachik SL, Prasad J, Bain SD. The effect of muscle dys-
function on bone mass and morphology. ] Musculoskelet Neuro-
nal Interact. 2010;10(1):25-34.

Fricke O, Beccard R, Semler O, Schoenau E. Analyses of muscular
mass and function: the impact on bone mineral density and
peak muscle mass. Pediatr Nephrol. 2010;25(12):2393-400.

Kanis JA, Gluer CC. An update on the diagnosis and assessment
of osteoporosis with densitometry. Committee of Scientific Ad-
visors, International Osteoporosis Foundation. Osteoporos Int.
2000;11(3):192-202.

Larson CM, Henderson RC. Bone mineral density and fractures
in boys with Duchenne muscular dystrophy. J Pediatr Orthop.
2000;20(1):71-4.

Engelke K, Kemmler W, Lauber D, Beeskow C, Pintag R, Kalender
WA. Exercise maintains bone density at spine and hip EFOPS: a
3-year longitudinal study in early postmenopausal women. Os-
teoporos Int. 2006;17(1):133-42.

Sipos W, Pietschmann P, Rauner M, Kerschan-Schindl K, Patsch
J. Pathophysiology of osteoporosis. Wien Med Wochenschr.
2009;159(9-10):230-4.

Khodadadyan-Klostermann C, von Seebach M, Taylor WR, Duda
GN, Haas NP. Distribution of bone mineral density with age
and gender in the proximal tibia. Clin Biomech (Bristol, Avon).
2004;19(4):370-6.

Regnery C, Kornblum C, Hanisch F, Vielhaber S, Strigl-Pill N,
Grunert B, et al. 36 months observational clinical study of 38
adult Pompe disease patients under alglucosidase alfa enzyme
replacement therapy. ] Inherit Metab Dis. 2012.

Frost HM. Absorptiometry and "osteoporosis": problems. | Bone
Miner Metab. 2003;21(5):255-60.

Mattsson S, Thomas B]. Development of methods for body com-
position studies. Phys Med Biol. 2006;51(13):R203-28.

603





