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Abstract 

Objective:  Late-onset Pompe disease (LOPD) is a lysosomal storage disease resulted from deficiency of the enzyme 
acid α-glucosidase. Patients usually develop a limb-girdle pattern of myopathy and respiratory impairment, and 
enzyme replacement therapy (ERT) is the only specific treatment available. Recently, LOPD has been associated with 
low bone mineral density (BMD), but the effect of ERT on BMD is inconclusive. In this report we described our early 
observations on the change of BMD after ERT in Chinese LOPD patients.

Results:  We studied four Chinese LOPD patients with different severities of myopathy. All were underweight, and 
three had osteoporosis at baseline. We found significant weight gain in three patients after ERT and all four patients 
showed improvement in BMD. The biggest improvement, 84.4% increase in BMD, was seen in a lady with the most 
prominent weight recovery. Our results suggest that ERT improves BMD in Chinese LOPD and weight gain could be a 
major contributor to this effect.

Keywords:  Glycogen storage disease type II, Lysosomal storage diseases, Osteoporosis, Enzyme replacement 
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Introduction
Pompe disease is an autosomal recessive disorder 
caused by the deficiency of a lysosomal enzyme, acid 
α-glucosidase, resulting in glycogen accumulations and 
consequent autophagic buildup [1–3]. The late-onset 
form (LOPD) is characterized by a limb-girdle pattern 
of myopathy and respiratory impairment [4]. At present, 
enzyme replacement therapy (ERT) with alglucosidase 
alfa is the only specific treatment available. It modestly 
improves mobility and stabilizes respiratory function in 
patients with LOPD [5].

Recently, low bone mineral density (BMD) and osteo-
porosis has been reported in LOPD [6, 7]. These, and 
together with the observations on many other non-mus-
cle disease manifestations such as small-fiber neuropa-
thy, torturous vessels, minor cardiac abnormalities etc., 

have redefined LOPD as a multi-system disease [8, 9]. At 
the moment, it is unclear whether these non-myopathy 
parameters would be modified by ERT. We examined six 
patients with dual X-ray absorptiometry (DXA) upon ini-
tiation of ERT and found that three had osteoporosis and 
one had osteopenia. Herein, we present our observations 
on the first four patients who completed the follow-up 
DXA study.

Main text
Methods
Four Chinese LOPD patients who underwent DXA (Prod-
igy Advance, GE Healthcare) at baseline before ERT and a 
follow-up study after ERT were included. Patients 1 and 2 
were brothers, patients 3 and patient 4 were sisters. Patient 
1 was a juvenile-onset patient with an aggressive disease 
course; he was wheelchair-bound and required full-day 
non-invasive ventilation (NIV) support upon initiation of 
ERT. Because of his previous spinal surgery for scoliosis, 
patient 1’s DXA was performed on the forearm and hip 
instead of the usual lumbar spine and hip. Patient 2 was 
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fully ambulatory and did not require NIV. Both patient 3 
and patient 4 presented with type II respiratory failure in 
their early 30s. They were ambulatory and on nocturnal 
NIV. We prescribed calcium, vitamin D and l-alanine sup-
plements to all of our LOPD patients. Patient 3 and patient 
4 also received alendronate for osteoporosis after the base-
line DXA study. Alglucosidase alfa infusion was given at 
the standard regime of 20 mg/kg every 2 weeks.

We serially monitored the patients’ mobility and pul-
monary function with the 6-min walk test (6MWT) 
and spirometry, respectively, according to our internal 
management protocol for all LOPD patients on ERT, in 
order to justify the continuation of ERT in these patients 
through public funding. We also used a modified Walton 
scale according to Slonim et  al. (0: all activities normal, 
to 7: wheelchair bound) to assess the muscle weakness in 
relation to their daily functions [10]. A follow-up DXA 
was arranged for patients 1, 2 and 3 after 5 years of ERT. 
The DXA was scheduled earlier for patient 4 because of 
her significant weight gain since the ERT.

Results
The four patients were in different stages of sever-
ity across the disease spectrum (Table  1). They were all 
slim and underweight. BMD measurements at baseline 
revealed that patients 1, 3 and 4 had osteoporosis, while 
patient 2 was in the normal range. All four patients had 
significant respiratory impairment before ERT as meas-
ured by spirometry, though patient 2 did not require NIV.

In the follow-up reassessment after ERT (Figs.  1, 2; 
Table  2), patient 2 showed significant and sustained 
improvement in mobility and pulmonary function. 
Pulmonary function in patients 1 and 4 had improved 
slightly, and the effect was maintained over the study 
period. Patient 4 also showed better mobility and physi-
cal endurance; her Walton score decreased from 2.5 to 
2. Patient 3 had initial mild improvement in mobility 
and pulmonary function, but both parameters dropped 
to baseline levels later. None of the four patients showed 

any change in requirement or degree of NIV support, 
and except patient 4, their respective Walton scores also 
remained the same.

Significant weight gains of 22, 21 and 27% was observed 
in patients 1, 2 and 4, respectively. Patient 3 did not gain 
weight after ERT and remained severely underweight. 
BMD had increased in all four patients after ERT. There 
was an increase of approximately 10% in patients 1, 2 and 
3 and an astonishing 84.4% at the hip in patient 4. The 
improved Z-scores showed that patients 1, 3 and 4 had 
moved from osteoporosis to osteopenia after ERT.

Table 1  Baseline characteristics of patients at study entry before enzyme replacement therapy

Patients 1 and 2 were brothers, patients 3 and 4 were sisters

Genotype Age Gender Walton score Assisted ventilation

Patient 1 c.1082C>T (p.Pro361Leu)
c.1309C>T (p.Arg437Cys)

25 M 7 Full day NIV

Patient 2 c.1082C>T (p.Pro361Leu)
c.1309C>T (p.Arg437Cys)

21 M 2 Nil

Patient 3 c.2238G>C (p.Trp746Cys)
c.1935C>A (p.Asp645Glu)

39 F 2 Nocturnal NIV

Patient 4 c.2238G>C (p.Trp746Cys)
c.1935C>A (p.Asp645Glu)

37 F 2.5 Nocturnal NIV

Fig. 1  Serial changes in FVC after ERT

Fig. 2  Serial changes in 6MWT (m) after ERT
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Discussion
Low BMD causing a predisposition to fracture has been 
associated with LOPD [11, 12], but publications spe-
cifically addressing this are lacking. The only systematic 
study that involved 46 Pompe patients (both late- and 
infantile-onset forms) reported osteoporosis in 26%, and 
the majority of the affected were older, wheelchair-bound 
patients with long disease duration, leading to the specu-
lation that weak loading force had led to osteoporosis 
[13]. Similar observations have been reported for other 
chronic myopathies, and the speculation was supported 
by an experimental study applying computed tomogra-
phy to analyze the bone architecture [14, 15]. However, 
osteoporosis appears to be over-represented in LOPD 
compared to other severe hereditary myopathies such as 
Duchenne muscular dystrophy, in which most patients 
are wheelchair-bound as teenagers, while the majority of 
the LOPD patients are still ambulatory. Muscle strength 
per se is not a sufficient explanation for osteoporosis 
in LOPD. Chinese LOPD patients are characterized by 
an aggressive disease course with earlier emergence of 
symptoms, rapid deterioration and early respiratory fail-
ure, and most of them are slim and underweight [16, 17]. 
Since malnutrition and low body weight are major risk 
factors for low peak bone mass and BMD, this Chinese 
LOPD phenotype could be particularly vulnerable to 
osteoporosis. Our DXA results from a small sample of six 
patients with this typical phenotype do suggest that oste-
oporosis is more prevalent in Chinese LOPD. We believe 
that any BMD changes caused by ERT could be more 
readily observable in these high-risk patients.

Our four patients represented a spectrum of differ-
ent disease severities, but they were all underweight at 
baseline before ERT. Three had osteoporosis, and one 
had normal BMD. All four patients showed improve-
ment in BMD in the follow-up study. Patient 4 had the 
most prominent weigh gain, and her physical endurance 
improved, but there was no significant enhancement in 
her hip girdle muscle strength, and her mobility was only 
modestly better. Her huge gain in BMD was more likely 
a result of her recovery of body weight. Alendronate 
could not improve BMD by that much, and any posi-
tive effect from improvement in muscle strength should 
be modest. Patients 1 and 2 were both underweight and 
had similar weight gain after ERT. Patient 1 remained 
severely disabled, and patient 2 had good improvement 
in physical performance. The improvement in BMD 
was more marked in patient 1 than in patient 2, sug-
gesting that the treatment effect could be more obvious 
in those with a lower baseline BMD and that strength 
might be less important than body weight. These obser-
vations agreed with the previous reports that described 
inconsistent ERT responses in LOPD patients with 

diverse characteristics [6, 18]. Nevertheless, patient 3 
had similar disease severity to patient 4, but she did not 
gain weight, and her physical performance deteriorated 
slightly in the follow-up, yet she still had a 10% increase 
in BMD. Enzyme therapy could have a direct positive 
effect on bone turnover independent of weight and mus-
cle strength.

Although it is acknowledged that Chinese LOPD 
patients commonly manifest an aggressive clinical course 
and low BMI is a poor prognostic marker in LOPD, the 
reason for such a high prevalence of malnutrition in 
Chinese LOPD is still poorly understood. Postulations 
include, among many, a chronic malabsorption state 
from gastrointestinal smooth muscle involvement in 
LOPD and a persistent catabolic state from respiratory 
failure [19, 20]. However, neither would be a strong con-
tender with an impact on nutritional status to the degree 
we observe in LOPD.

Limitations
We observed a positive effect on BMD after ERT in a 
small group of Chinese LOPD patients, and suggested 
a few postulations to explain this association. However, 
our findings were mainly hypothesis generating, we were 
unable establish any causal relationship between ERT and 
BMD. Future studies should focus on catabolism, changes 
in body compositions, changes in bone turnover markers, 
and the balance of hormones and cytokines, both at base-
line and with ERT, and take the secondary contributing 
factors into account to obtain a clearer picture on LOPD 
and bone health.

Abbreviations
6MWT: 6-min walk test; BMD: bone mineral density; BMI: body mass index; 
DXA: dual X-ray absorptiometry; ERT: enzyme replacement therapy; FVC: 
forced vital capacity; LOPD: late-onset Pompe disease; NIV: non-invasive 
ventilation.

Authors’ contributions
Manuscript preparation and review, data interpretation: BS, YPC, WTW. Manu-
script review and data interpretation: EKCY, SPLC, WHL. All authors read and 
approved the final manuscript.

Author details
1 Department of Medicine & Geriatrics, Princess Margaret Hospital, Lai Chi 
Kok, Kowloon, Hong Kong SAR. 2 Department of Paediatrics and Adolescent 
Medicine, Princess Margaret Hospital, Kowloon, Hong Kong SAR. 3 Department 
of Pathology, Princess Margaret Hospital, Kowloon, Hong Kong SAR. 4 Depart-
ment of Radiology, Princess Margaret Hospital, Kowloon, Hong Kong SAR. 

Acknowledgements
None.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
All relevant data are presented in the manuscript. There is no additional data 
related to this report.



Page 5 of 5Sheng et al. BMC Res Notes  (2017) 10:351 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Consent for publication
Written informed consents were obtained from all patients.

Ethics approval and consent to participate
Written informed consents were obtained from all patients. The study was 
approved by the ethics committee of Kowloon West Cluster, Hospital Author-
ity: KW/EX-12-139(7715).

Funding
None.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 13 February 2017   Accepted: 22 July 2017

References
	1.	 Thurberg BL, Lynch Maloney C, Vaccaro C, Afonso K, Tsai AC-H, 

Bossen E, et al. Characterization of pre- and post-treatment pathol-
ogy after enzyme replacement therapy for Pompe disease. Lab Invest. 
2006;86(12):1208–20.

	2.	 Raben N, Ralston E, Chien Y-H, Baum R, Schreiner C, Hwu W-L, et al. Dif-
ferences in the predominance of lysosomal and autophagic pathologies 
between infants and adults with Pompe disease: implications for therapy. 
Mol Genet Metab. 2010;101(4):324–31.

	3.	 Nascimbeni AC, Fanin M, Masiero E, Angelini C, Sandri M. The role of 
autophagy in the pathogenesis of glycogen storage disease type II 
(GSDII). Cell Death Differ. 2012;19(10):1698–708.

	4.	 Hagemans ML, Winkel LP, Van Doorn PA, Hop WJ, Loonen MC, Reuser 
AJ, et al. Clinical manifestation and natural course of late-onset Pompe’s 
disease in 54 Dutch patients. Brain. 2005;128(Pt 3):671–7.

	5.	 van der Ploeg AT, Clemens PR, Corzo D, Escolar DM, Florence J, Groen-
eveld GJ, et al. A randomized study of alglucosidase alfa in late-onset 
Pompe’s disease. N Engl J Med. 2010;362(15):1396–406.

	6.	 Papadimas GK, Terzis G, Methenitis S, Spengos K, Papadopoulos C, Vassi-
lopoulou S, et al. Body composition analysis in late-onset Pompe disease. 
Mol Genet Metab. 2011;102(1):41–3.

	7.	 Hobson-Webb LD, Proia AD, Thurberg BL, Banugaria S, Prater SN, Kishnani 
PS. Autopsy findings in late-onset Pompe disease: a case report and 
systematic review of the literature. Mol Genet Metab. 2012;106(4):462–9.

	8.	 Filosto M, Todeschini A, Cotelli MS, Vielmi V, Rinaldi F, Rota S, et al. 
Non-muscle involvement in late-onset glycogenosis II. Acta Myol. 
2013;32(2):91–4.

	9.	 Chan J, Desai AK, Kazi ZB, Corey K, Austin S, Hobson-Webb LD, et al. The 
emerging phenotype of late-onset Pompe disease: a systematic literature 
review. Mol Genet Metab. 2017;120(3):163–72.

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

	11.	 Bertoldo F, Zappini F, Brigo M, Moggio M, Lucchini V, Angelini C, et al. 
Prevalence of asymptomatic vertebral fractures in late-onset Pompe 
disease. J Clin Endocrinol Metab. 2015;100(2):401–6.

	12.	 Case LE, Hanna R, Frush DP, Krishnamurthy V, DeArmey S, Mackey J, et al. 
Fractures in children with Pompe disease: a potentiallong-term complica-
tion. Pediatr Radiol. 2007;37(5):437–45.

	13.	 van den Berg LE, Zandbergen AA, van Capelle CI, de Vries JM, Hop WC, 
van den Hout JM, et al. Low bone mass in Pompe disease: muscular 
strength as a predictor of bone mineral density. Bone. 2010;47(3):643–9.

	14.	 Philippe V, Pruna L, Abdel Fattah M, Pascal V, Kaminsky P. Decreased bone 
mineral density in adult patients with muscular dystrophy. Joint Bone 
Spine. 2011;78(6):651–2.

	15.	 Khan A, Weinstein Z, Hanley DA, Casey R, McNeil C, Ramage B, et al. 
In vivo bone architecture in Pompe disease using high-resolution periph-
eral computed tomography. JIMD Rep. 2013;7:81–8.

	16.	 Yang CC, Chien YH, Lee NC, Chiang SC, Lin SP, Kuo YT, et al. Rapid progres-
sive course of later-onset Pompe disease in Chinese patients. Mol Genet 
Metab. 2011;104(3):284–8.

	17.	 Chu YP, Sheng B, Lau KK, Chan HF, Kam GY, Lee HH, et al. Clinical manifes-
tation of late onset Pompe disease patients in Hong Kong. Neuromuscul 
Disord. 2016;26(12):873–9.

	18.	 Papadimas G, Terzis G, Papadopoulos C, Areovimata A, Spengos K, 
Kavouras S, et al. Bone density in patients with late onset Pompe disease. 
Int J Endocrinol Metab. 2012;10(4):599–603.

	19.	 Pardo J, Garcia-Sobrino T, Lopez-Ferreiro A. Gastrointestinal symptoms 
in late-onset Pompe disease: early response to enzyme replacement 
therapy. J Neurol Sci. 2015;353(1–2):181–2.

	20.	 Remels AH, Gosker HR, Langen RC, Schols AM. The mechanisms of 
cachexia underlying muscle dysfunction in COPD. J Appl Physiol. 
2013;114(9):1253–62.


	Improvement of bone mineral density after enzyme replacement therapy in Chinese late-onset Pompe disease patients
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Methods
	Results
	Discussion

	Limitations
	Authors’ contributions
	References




