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Abstract 
 

Duchenne muscular dystrophy (DMD) is the most common and the most severe of the 

neuromuscular disorders. Affecting 1 in 3,500 boys, the disease causes progressive and 

relentless muscle weakness, limiting life to the second or third decade. The mainstay of 

medical management involves the use of glucocorticosteroids which has significantly altered 

the natural history of the disease. The nutritional issues associated with DMD are complex, 

yet poorly understood. To date, these issues have not been an important priority of care; but as 

life expectancy slowly inches forward, such concerns warrant immediate attention. This thesis 

aims to progress the understanding and management of nutritional issues for boys with DMD 

by advancing the evidence base. Five distinct lines of investigation were undertaken under 

this broader theme. Firstly, a comprehensive literature review highlighted many gaps in the 

literature specifically in the areas of energy requirements, bone health, micronutrient 

requirements (vitamin D), growth monitoring, and use of novel amino acids and nutritional 

supplements. Secondly, a retrospective case series documented the genetic, physical and 

clinical profile of boys with DMD living in Australia, and for the first time a relationship 

between genotype and function was elucidated; boys with a deletion in the dystrophin gene 

are more likely to stop walking before age 10 years. Whilst the relationship between growth 

and walking ability was unclear, a higher body mass index (BMI) may be protective against a 

decline in lung function. This analysis also provides evidence for commencing steroid 

treatment earlier, as a longer duration of steroid treatment was associated with walking past 

age 10 years, and increased lung function. Next, vitamin D status in boys with DMD was 

explored. Young, ambulatory boys with DMD who attend regular school were found to have 

low serum 25-hydroxyvitamin D when compared to their healthy siblings, a finding that was 

not explained by differences in sun exposure. Also, a series of meta-analyses demonstrated 

that steroid therapy is associated with suboptimal serum vitamin D concentrations, and may 



xi 

 

potentially explain the observed reduction in 25-hydroxyvitamin D.  Based on data obtained 

by meta-analysis, recommendations for vitamin D supplementation should, at a minimum, be 

1800 IU (45 µg)/d for boys with DMD receiving steroid therapy. Chapter four presents data 

and literature to support the use of selected outcome measures for dietary trials in DMD, 

specifically: StepWatch™ activity monitoring, the six minute walk test, and a three day food 

diary. These functional outcome measures were found to be sensitive to differences in 

ambulatory capacity in boys with DMD when compared to control participants. Furthermore, 

self-reported energy intake using food diaries was similar to total energy expenditure as 

determined by doubly labelled water in boys with DMD. Finally, a pilot randomised control 

trial is described in which a novel nutritional supplement incorporating whey protein, creatine 

monohydrate, glutamine and β-hydroxy-β-methylbutyrate is investigated. Results indicate that 

a 50 week nutriceutical intervention is feasible, and may improve functional outcome 

measures when used in conjunction with steroid treatment.  

 

This thesis comprises of several smaller studies that are linked in a framework of empirical 

research. Firstly, the evidence base for nutritional management of boys with DMD, and their 

nutritional status across two major paediatric clinic populations nationally is examined. The 

thesis then further explores confounding factors of nutritional status and determines 

methodology to measure these before piloting a novel nutriceutical intervention informed by 

the best available evidence. This body of work, with its purely nutritional focus, is the first of 

its kind, and will assist dietitians to provide evidence based care to this courageous group of 

children.  
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1 A review of nutrition in Duchenne muscular 

dystrophy 

 

 

This chapter relates to the published manuscript, presented in Appendix 1: 

Davidson ZE, Truby H. A review of nutrition in Duchenne muscular dystrophy. J Hum Nutr 

Diet. 2009;22(5):383-93.   
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1.1 Introduction 

The neuromuscular dystrophies comprise a diverse group of genetic disorders characterised 

by progressive muscle weakness and reduced muscle tone. Although over 30 genetic types 

have been identified, the most well documented and also the most severe, is the recessive X 

linked Duchenne muscular dystrophy (DMD). Affecting only boys, Duchenne is relentless in 

its progression, limiting life to the second or third decade. The body composition changes 

seen as the disease progresses are unique, not well understood and complicate nutritional 

management.  Boys with DMD can move between spectrums of over to under nutrition within 

their shortened lifespan. In the past, nutritional issues have not been an important focus for 

treatment; but as life expectancy slowly inches forward with improvements in medical 

management, such concerns warrant immediate attention. There is no current consensus on 

nutritional management so dietitians remain unguided in trying to deal with the complex 

nutritional issues arising from DMD. This chapter aims to synthesise the current literature on 

nutritional issues and management in DMD. 
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1.2 Methods 

An initial literature search was conducted using MEDLINE (via OVID, from January 1950 to 

March 2008) and the Cochrane Library using the term “Duchenne muscular dystrophy”.  This 

search was then updated in January 2012. A total of 2,640 articles were recovered, although 

only articles in English were examined for this review (N = 2,384). Studies were included 

(n=418) if outcome data considered:  body composition (n = 14), energy expenditure (n = 16), 

nutrition (n = 16), corticosteroid therapy (n = 60), or gene therapy (n = 312). Reference lists 

were examined for additional papers not identified by the search strategy. Nutritional 

textbooks and chapters on the management of neuromuscular conditions were also examined 

for content and references.  

 

Key themes were identified from the literature relevant to nutritional management and dietetic 

practice. Practice points were agreed between this author and the primary supervisor (Helen 

Truby, (HT)) as the most helpful to practitioners.  Papers relevant to these key themes were 

assigned a level of evidence and grade of recommendation according to the Oxford Centre for 

Evidence-based Medicine criteria (1), selected because they include „expert opinion‟ as a fifth 

level of evidence, which is appropriate for this review of the DMD literature. The practice 

points and supporting literature are summarised in Table 1-3 with the grade of 

recommendation (from A, strongest through to D lowest quality of evidence). A summary of 

the search and literature appraisal process is provided in Figure 1-1. Due to the many 

methodologies and outcome measures reported in reviewed studies, a systematic review with 

a meta-analysis was not possible. Where systematic or Cochrane reviews were available, 

these were reviewed in preference to individual papers because of the higher level of evidence 

provided.   
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Medline and Cochrane library search “duchenne 
muscular dystrophy” (n=2,640) 

English articles (n=2,384) 

Body composition 
(n=14) 

Energy expenditure 
(n=16) 

Nutrition  

(n=16) 

Reference lists searched 

Themes identified 

Supporting papers given level of 
evidence 1-5 

Key practice points graded A-D 

Corticosteroid 
therapy (n=60) 

Gene therapy  

(n=312) 

Figure 1-1 Summary of search and literature appraisal process  
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1.3 Duchenne muscular dystrophy 

1.3.1 Prevalence and aetiology  

DMD affects between 1 in 3,500-6,000 live male births (2, 3). It is caused by a large variety 

of mutations in the dystrophin gene located on chromosome Xp21 (4). In smooth, cardiac and 

skeletal muscle, dystrophin binds actin to the membrane-bound dystroglycan complex 

(Figure 1-2) (5). Lack of dystrophin expression leads to progressive muscle weakness and an 

aggressive inflammatory response associated with chronic degeneration and necrosis of 

muscle fibres, replacement of muscle by fat cells and progressive endomysial fibrosis. These 

pathological changes provoke the inexorable deteriorating clinical course of DMD (5).   

 

1.3.2 Signs, symptoms and progression 

Boys with DMD present in early childhood with failure to meet developmental milestones, 

and soon exhibit delayed walking, increased falls, decreased activity, difficulty climbing stairs 

or difficult getting up off the floor (6). Unique identifiers of DMD include a positive 

“Gower‟s sign”, whereby the boy uses his hands to walk himself up his legs; and pseudo-

hypertrophy of the calf muscles which is indicative of fibrous infiltration of the muscle. Toe 

walking may also be present. Affected boys may also be identified by the presence of elevated 

serum transaminases (performed for other reasons) resulting from the breakdown of muscle; 

although this may delay diagnosis as hepatic injury or gastrointestinal causes will often be the 

first line of investigation (7). Diagnosis can be confirmed by genetic analysis with or without 

elevated serum creatine kinase or a muscle biopsy demonstrating an absence of dystrophin 

(3). A family history may or may not be present, as approximately 30% of cases result from 

spontaneous mutations (8). The mean age of diagnosis is approximately five years of age and 

is often delayed by extensive investigations prior to a definitive diagnosis (9, 10). A milder 

phenotype, Becker muscular dystrophy (BMD), may be identified in older boys presenting 

with similar symptoms.  
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Figure 1-2 Pictorial representation of the dystroglycan complex 

Dystrophin is represented by the pink rod. Other components of the complex include: C-

terminal region (Ct), cysteine-rich region (CR), and N-terminal (Nt) region, DG, 

dystroglycan; nNOS, neuronal nitric oxide synthase; Sg, sarcoglycan; Syn, syntrophin (11).  
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Characteristic progressive muscle wasting becomes noticeable in early childhood and by their 

early teens, boys with DMD will have become wheelchair bound. Strength and function of 

distal muscles in the upper extremities will be best preserved (12). As boys with DMD age, 

they are faced with numerous medical complications: lung and cardiac function will decline at 

a rate of 5% and 1% per year, respectively, while 75-90% of non-ambulant boys will develop 

scoliosis (13, 14). Cardiac disease often presents as cardiomyopathy and/or arrhythmias (15). 

 

Without intervention, premature death before the age of 20 years will result from failure of 

the respiratory or cardiac musculature (3). With dramatic improvements in recent years in the 

understanding and coordination of clinical care, boys diagnosed today with DMD now have 

the possibility of living into their fourth decade and fulfilling their educational and vocational 

potential (3, 16, 17).  

 

A range of other complicating disease features affecting nutritional management can occur 

such as learning disabilities and gastrointestinal symptoms. These are summarised in 

Table 1-1.   
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Table 1-1 Complicating disease features that may affect nutritional management in DMD 

Potential issue Study n Overall findings 

 

Gastrointestinal 

Delayed gastric 

emptying 

Barohn et al. (1988) 

(18) 

11 males with DMD 

aged 13-27 years 

The mean time for gastric emptying in DMD patients was significantly lower when 

compared to controls.  

Borrelli et al. 

(2005) (19) 

10 males with DMD 

and 10 males with 

BMD aged 3-7 years. 

Gastric emptying time was significantly delayed in DMD and BMD patients vs controls.  

Bowel problems 

Backhouse and 

Harding  (2006) 

(20) 

48 males with DMD 

aged 4-28 years 

40% of males diagnosed with DMD experience bowel and bladder problems, including 

constipation, daytime urgency, or pain. Bowel problems were not statistically associated 

with immobility but with dietary factors. 

Acute gastric 

dilation 

Barohn et al. (1988) 

(18) 

11 males with DMD 

aged 13-27 years 

Of the patients, two had previous episodes of acute gastric dilation. As this can be 

potentially fatal,  recognising this aspect of DMD may lead to earlier treatment and 

prevention. Other symptoms reported included postprandial belching and abdominal 

bloating. 

Bensen et al. (1996) 

(21) 

Case report: 19 year 

old male with DMD 

Gastrointestinal symptoms are more common in patients with DMD than previously 

appreciated and are associated with both morbidity and mortality. Although the incidence 

of gastric dilation in this patient population is uncertain, clinical gastrointestinal 

symptoms appear to increase with age. For patients with DMD who prolong their lives 

with mechanical ventilation, the incidence of gastric dilation may increase over time.  

Intestinal pseudo-

obstruction 

Leon et al. (1986) 

(22) 

Case report: male with 

DMD deceased at 16 

years 

DMD may be associated with significant intestinal smooth muscle atrophy and fibrosis. 

Recognition of this complication is imperative in order to avoid unnecessary procedures 

and surgery.  

Other symptoms 

Jaffe et al. (1990) 

(23) 

55 males with DMD 

aged 4.3-20.3 years 

DMD patients experienced six symptoms of upper gastrointestinal dysfunction more 

frequently than age matched controls: nasal quality voice, dysphagia, choking while 

eating, heartburn, and vomiting after meals. Only heartburn was found to be significantly 

more frequent in non-ambulatory boys compared to ambulatory.  

Pane et al. (2006) 

(24) 

118 DMD aged 13.8-

35.8 years 

Of the 118 participants, 47% reported gastrointestinal symptoms: mostly heartburn; gastro 

oesophageal reflux requiring treatment 4%; constipation 36% (more frequent in patients 

over 18 yrs); and meteorism 23%. 

Physiology 
Barohn et al. (1988) 

(18) 

Post-mortem 

examination of 13 year 

old male with DMD 

Extensive loss of smooth muscle could be seen in the stomach, particularly in the outer 

longitudinal muscle layer. The lost tissue had been replaced by connective tissue. The 

inner, circular muscle layer of the stomach was better preserved although a mild degree of 

fibrosis was found. Similar changes were observed in the distal oesophagus and 

duodenum, with milder degrees of fibrosis throughout the small and large intestines. In 

every area the outer, longitudinal muscle was more affected than the circular muscle 

layer.  



9 

 

Potential issue Study n Overall findings 

Gastrointestinal 

Physiology 
Jaffe et al. (1990) 

(23) 

Post-mortem 

examination two males 

with DMD aged 15 and 

20 years  

Cross-sectioned smooth muscle in oesophagus, stomach, small and large bowel revealed a 

moderate increase in the amount of intramuscular connective tissue. 

Dental 

characteristics 

Ghafari et al. 

(1988) (25) 

43 males with DMD 

mean age 10.5 years 

In the DMD group, 58% had a posterior cross bite; 21% had an anterior open bite; 47% 

were observed mouth breathing; and 42% were determined to have a „large tongue‟. 

DMD patients exhibited a significantly delayed dental emergence (1.06 years). The study 

emphasizes the influence of muscular environment on dental development in general. 

Bladder problems 

Backhouse and 

Harding  (2006) 

(20) 

48 males with DMD 

aged 4-28 years 

40% of males diagnosed with DMD experience bowel and bladder problems including 

daytime urgency, voiding postponement, daytime urinary hesitancy, and urinary 

frequency. High levels of urinary problems were reported in the transition group. Voiding 

postponement was significantly related to reduced drinking (fluid intake).  

Learning difficulties 

Berardinelli et al. 

(2001) (26) 

9 males with DMD 

aged 6-12 years 
Mean IQ of the study group was below average intelligence.  

Fabbro et al. (2007) 

(27) 

8 males with DMD 

with mean age 16 ± 4.7 

years.  

Results showed mild mental retardation associated with a specific deficit in Verbal rather 

than Performance IQ. At the linguistic assessment, 7 of 8 participants showed moderate to 

severe difficulties with oral language processing. 

Hinton et al. (2000) 

(28) 

80 males with DMD 

aged 6 – 16 years.  

Boys with DMD have a specific cognitive profile, regardless of their general level of 

cognitive function. Specifically, boys with DMD performed more poorly on tests 

requiring attention to complex verbal information than they did on other verbal or 

memory measures. The possibility that the missing dystrophin brain products may 

contribute to selective cognitive processing is considered. 

Cyrulnik et al. 

(2008) (29) 

 

20 males with DMD 

aged 3-6 years.  

20 familial controls 

Children with DMD exhibit impairments on multiple measures of cognition, including 

measures of receptive language, expressive language, visuo-spatial skills, fine-motor 

skills, attention, and memory skills. Across all domains examined, the young children 

with DMD performed more poorly than their familial controls. 

Donders and Taneja 

(2009) (30) 

22 males with DMD 

aged 6-16 years. 

18 unaffected siblings 

Boys with DMD were weaker in verbal and non-verbal measures of delayed recall and 

response generation compared to their siblings. Parent reported more difficulties with 

social interaction, initiation and adaption for their sons with DMD compared to their other 

children. 

Hendriksen and 

Vles (2008) (31) 

351 males with DMD 

mean age 11.9 ± 5.2 

years  

Using a parent reported questionnaire, the prevalence of attention-deficit hyperactivity 

disorders, autism spectrum disorders, and obsessive–compulsive disorders was 11.7%, 

3.1%, and 4.8%, respectively.  

Mochizuki et al. 

(2008) (32) 

194 males with DMD 

aged 10-44 years 

Mental retardation, defined as intelligence quotient score < 70, was demonstrated in 38% 

of the population. Males with DMD with mental retardation started walking later, 

required ventilator and tube nutrition support earlier, and died earlier than those without 

mental retardation. 
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1.3.3 Clinical management  

1.3.3.1 Recent advances 

In the period between the original literature review (May, 2009) and its update (January, 

2012), there have been several key publications reporting on consensus statements for many 

aspects of clinical care for individuals with DMD. The most important of these are the 

practice guidelines for the diagnosis and management of DMD published as part 1: Diagnosis, 

and pharmacological and psychosocial management, and part 2: Implementation of 

multidisciplinary care (3, 15). Other consensus statements published in the last three years 

cover the molecular diagnosis of Duchenne and Becker‟s muscular dystrophies,  respiratory 

management, endocrine aspects, and bone protection (33-36). Whilst it is evident from these 

publications that more research is still needed across many areas, these publications are 

significant and should greatly improve the coordination of clinical care. Notably, despite the 

documented side effects, the use of glucocorticosteroids (GCS) for the treatment of DMD is 

supported in all consensus statements.  

 

1.3.3.2 Glucocorticosteroids  

GCS are now accepted as best practice for the medical management for DMD usually given 

either as prednisone or deflazacort (3, 37, 38). GCS have clear benefits in the maintenance of 

muscle strength and functional ability (39). Their precise mode of action is unclear but is 

thought to be related to improving muscle fibre regeneration, increasing the size and strength 

of muscle fibres, decreasing cytokine activity, and suppressing the inflammatory process (40). 

The optimal time to commence GCS treatment is unclear (38). The recent practice guidelines 

suggest GCS should be commenced when a boy reaches a plateau; that is, when there is no 

longer any progression of motor skills but prior to any decline (3). This will usually occur 

between the ages of 4-8 years. The standard initial therapeutic dose is 0.75mg/kg/day for 
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prednisone and 0.9mg/kg/day for deflazacort (38) with preference for a daily regimen over 

alternative regimens (alternate day, high dose weekend, or 10 day on/10 day off cycling) (3).  

During the course of the disease, boys treated with GCS have improved functional capacity, 

less scoliosis and better pulmonary function than those not taking GCS (41-44). Side effects 

of treatment such as excessive weight gain, cushingoid features, osteoporosis, impaired 

growth, hirtsuism, glucose intolerance, cataracts and behavioural changes, can be of sufficient 

concern to cause their withdrawal (35, 42, 45). GCS therapy can also delay puberty, which in 

itself has repercussions for bone health and psychosocial wellbeing (35, 46). This gamut of 

endocrinological issues is now the focus of much discussion (35). 

 

Data on the longer term effects of GCS are beginning to emerge, although it would seem 

overall that the body of evidence is still catching up with the now regular use of GCS in 

clinical practice (39, 42, 47). Data from the United States demonstrates that GCS use for 

DMD has increased from 20% in 1991 to 44% in 2005 (48). GCS therapy is also changing the 

natural history of DMD. A recent review by Moxley et al. demonstrates that long term GCS 

therapy in boys with DMD prolongs ambulation by 2-5 years, reduces the need for spinal 

surgery, improves cardiopulmonary function, delays the need for ventilation, and increases 

survival and quality of life (49). Further research is required to remap the natural history of 

DMD in GCS treated boys. The evaluation of the literature on DMD needs to be appraised 

critically in light of the advent of GCS therapy. In many publications it is unclear if patients 

received GCS therapy or were steroid-naïve.   

 

1.3.3.3 Multidisciplinary team management 

The goals of multidisciplinary treatment are supportive and work in conjunction with GCS 

treatment. The multidisciplinary team involves many specialities: cardiology, respiratory, 

orthopaedics, gastroenterology, physiotherapy, occupational therapy, psychology, social 
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work, and nutrition and dietetics (3). With the exception of physiotherapy, boys may only 

require these specialities sporadically. Daily physiotherapy, on the other hand, aims to 

maintain mobility, flexibility and independence in boys with DMD and may reduce 

complications such as the development of contractures and scoliosis (50).  

 

1.3.3.4 Gene therapy for the future 

 Identification of the dystrophin gene and the development of the mdx mouse (a mouse model 

of DMD) in the 1980‟s have contributed to our understanding of the disease process. The 

DMD gene is the largest gene, spanning ~2.5Mb of genomic sequence, and is composed of 79 

exons (5). Developing gene therapy has been hampered by the complexity, size, and sheer 

number of mutations of the dystrophin gene; over 4,700 mutations are known (11).  

 

Despite these complexities, many promising advances into treatments for DMD have emerged 

since 2008. Therapeutics can be divided into two categories: pharmaceutical interventions that 

aim to restore dystrophin expression, or gene therapy whereby a functional copy of the DMD 

gene is introduced into the muscle fibres. Pharmaceutical therapies appear to be the most 

promising treatment option to date. Ataluren (PTC124®) is an orally administered drug that 

promotes ribosomal read-through of nonsense mutations. Phase 2b clinical trials were well 

tolerated and produced an improvement in the six minute walk test (6MWT) of 29.7m; 

however, the trial was halted as statistical significance was not reached (which was a 30 metre 

change in the 6MWT) (51). PTC Therapeutics however, has recently announced an open label 

study of ataluren for all previous study participants, regardless of ambulatory status (52). This 

treatment will have limited reach (10-15% of DMD patients), as nonsense mutations are one 

of the least common genotypes (11). Conversely, pharmaceuticals targeted at exon skipping 

could theoretically be applied to 80% of DMD patients (53). 
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Exon skipping uses antisense molecules that can skip targeted exons. This can restore the 

open reading frame for dystrophin and allow for the expression of an internally deleted 

(truncated) dystrophin with some residual functionality (11). While not fully functional, the 

presence of this truncated dystrophin may ameliorate the most severe symptoms, resulting in 

the milder phenotype (BMD). Two different types of antisense molecules can skip exon 51 

and both have been investigated in Phase 2 clinical trials: phosphorodiamidate morpholino 

oligomer (AVI-4658) and 2′-O-methylphosphorothioate (PRO051/GSK2402968) (54, 55). 

Both trials showed positive results including dystrophin restoration and improvements in 

functional and strength outcomes. Phase 3 trials in PRO051/GSK2402968 are now underway 

(56).  

 

Whilst pharmaceutical interventions are progressing, few genetic therapies have yet been 

trialled in DMD. A recent clinical trial in six boys with DMD did not demonstrate gene 

expression, and some participants displayed an immune response to the therapy (57). Until a 

cure is found, therapeutic and supportive interventions must assist in preventing or delaying 

complications and preserving quality of life; and nutrition is integral to those outcomes.  
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1.4 Best practice guidelines - nutritional management 

The original literature review by the candidate on nutritional management in DMD was 

published in 2009 (Appendix 1). Subsequently, the best practice guidelines for the diagnosis 

and management of DMD were released with the inclusion of a section on nutritional 

management (15). Although the two publications are completely separate entities and the 

candidate was not involved in the guideline process, the recommendations of the practice 

guidelines are in line with the candidate‟s published literature review. The risk of patients 

becoming both over- and underweight is highlighted as a primary concern, in addition to 

potential deficiencies in energy, protein, vitamins, minerals and fluid as the disease 

progresses. Regular monitoring of height and weight, and anticipatory guidance for the 

prevention of over- or under-nutrition are recommended, as these are key triggers for referral 

to a dietetic professional (Figure 1-3). Beyond this, recommendations for dietetic goals are 

somewhat broad; the dietitian should aim to provide a well-balanced, nutritionally complete 

diet. Specific statements regarding appropriate weight classification, micronutrients, and 

nutriceuticals are discussed below. This literature review supports the practice guidelines by 

providing the “how and why” for nutritional management of boys with DMD.  
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Figure 1-3 Current recommendations regarding dietetic assessment  

As per recent practice guidelines for DMD (15)



16 

 

1.5 Nutritional requirements 

1.5.1 Energy requirements 

It is unclear whether decreased energy expenditure – either from reduced voluntary activity, 

or a primary defect in energy metabolism – is a contributing factor to obesity in DMD; or if 

indeed there is no difference in energy expenditure between boys with DMD and their healthy 

counterparts. As described in Table 1-2, few studies are available in this area and they yield 

contradictory findings. The eight identified studies all have limitations: small sample sizes, a 

large age range and a failure to determine total energy expenditure. Only four studies have 

examined energy requirements in younger children and it is unclear in most studies whether 

the participants were receiving GCS therapy. In younger boys, absolute resting energy 

expenditure (REE) appears to be similar to control cohorts. Energy requirements become 

complicated as boys with DMD age due to changes in their respiratory function. In particular, 

REE can be affected when gas exchange is impaired, secondary to a decrease in respiratory 

muscle strength (58). The literature is inconclusive as to energy requirements in advanced 

stages of DMD. Okada et al. measured basal metabolic rate (BMR) in 310 individuals with 

DMD aged 11-29 years (59). DMD subjects had an increased BMR when compared with 

controls, and BMR increased with age. Gonzalez-Bermejo et al. measured REE in a similar 

patient group of 20 males aged 20-33 years on mechanical ventilation (60). REE was 

significantly lower in DMD participants compared to controls. The difference in REE 

findings could be the result of the presence of ventilation support in the latter study. Similarly, 

the most recent publication exploring energy expenditure suggests a decreased REE compared 

to controls across several age groups (10-11, 12-14, 15-17, 18-29, and ≥ 30 years) (61). 

Interestingly, this group found that REE was directly correlated with vital capacity (r=0.51).  

 

There is insufficient evidence to develop predictive energy equations for DMD; however, our 

recent publication demonstrates that the Schofield weight equation is the most accurate and 
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precise for predicting REE in boys with DMD (Appendix 2)(62). Dietitians need to make an 

individualised „best guess‟ to establish energy requirements using the following algorithm: 

total energy expenditure = REE (measured if possible or from Schofield weight equation) x 

physical activity level (63). Individual longitudinal monitoring of change in body weight will 

provide a crude indication on the accuracy of energy prescription (64). 

 

1.5.2 Micronutrient requirements 

There has been little investigation into the micronutrient status and requirements of boys with 

DMD.  Current practice guidelines recommend that boys with DMD receive a daily 

multivitamin supplement with vitamin D and minerals; although given the lack of evidence on 

nutrient requirements in these patients, this recommendation is somewhat arbitrary (15). In 

the advent of GCS therapy, the micronutrients that require immediate attention are vitamin D 

and calcium.  

 

Canalis et al. describes how pharmacological doses of oral GCS can suppress bone formation 

and increase bone resorption, thereby leading to osteoporosis (65). The use of GCS therapy 

combined with decreased mobility suggests that boys with DMD are at an increased risk of 

fractures and poor bone health (66). Low bone mineral density and increased fracture risk in 

males with DMD have been reported by several groups (66-69). The effect of a fracture on 

mobility can be devastating, as 30-50% of boys sustaining a fracture in their lower limbs will 

never resume walking (69, 70).  
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Table 1-2 Summary of literature on energy studies in DMD 

Study Year n (age range) Results 

Okada et al. 

(59)  
1992 

310 

(11-29 years) 

 DMD subjects had an increased BMR (kcal/day) 

compared to controls.  

 BMR (kcal/day) was found to increase with age. 

Hankard et 

al. (71) 
1996 

13 

(8-13 years) 

5 obese; 8 non-

obese 

 REE (kcal/hr) was decreased only in non-obese 

DMD subjects when compared to controls. 

 There was no difference in REE (kcal/hr/kg BW) 

between controls and obese and non-obese DMD 

subjects.  

 REE (kcal/hr/kg FFM) was higher in only the 

obese DMD group. 

Berardinelli 

et al. (26) 
2001 

9 

(6-12 years) 

 REE (kcal/kg BW) in DMD subjects was similar 

to controls. 

 REE (kcal/kg LBM) was increased in DMD 

subjects when compared to controls. 

Satomura et 

al. (72) 
2001 

8 

(16-24 years) 

 REE (kcal/m
2
)
 
was similar in DMD subjects 

compared to controls. 

 REE (kcal/m
2
/FFM) was increased in DMD 

subjects compared to controls. 

Zanardi et 

al. (73) 
2003 

9 

(6-12 years) 

3 obese; 6 non-

obese 

 REE (kJ/kg BW) of DMD subjects was similar to 

controls of the same age. 

 REE/(kJ/kg FFM) was higher in DMD subjects 

than in controls. 

Gonzalez-

Bermejo et 

al. (60) 

 

2005 

20 

(20-33 years)* 

 

 Measured REE (kJ/day) was significantly lower 

in DMD subjects compared to controls. 

 This difference disappeared when REE (kJ/day) 

was corrected for FFM. 

 Measured REE (kJ/day) of DMD subjects was 

22% lower than the theoretical REE, calculated 

using standard energy equations (Harris 

Benedict). 

Hogan (74)  2008 

4 

(11-22 years) 

REE only in 3 

subjects 

 On observation only, REE (kJ/day) was reduced 

compared to control data from literature.  

Shimizu-

Fujiwara et 

al. (61) 

2011 
77 

(10-37 years) 

 REE (kcal/day) was reduced across all age 

groups (10-11, 12-14, 15-17, 18-29, and ≥ 30 

years) compared to control data from the 

literature.  

*All subjects received respiratory support (nocturnal or continuous), BMR basal metabolic rate; 

REE resting energy expenditure; BW body weight; FFM fat free mass; LBM lean body mass.
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Serum 25-hydroxyvitamin D (25(OH)D) was examined in 24 boys with DMD aged 2.3-19.7 

years, most of who were being treated with prednisolone, and in 24 age- matched controls 

(66). Significantly lower levels of 25(OH)D were found in the DMD group (21 ± 6 ng/ml) 

than in controls (30 ± 8 ng/ml). Although the levels of vitamin D found in the DMD boys 

constituted borderline „insufficiency‟ (< 20ng/ml) (75), food records from 15 subjects 

indicated that dietary calcium and vitamin D intake was 114% and 94% of the recommended 

daily intake, implying either that requirements are increased or there is another mechanism 

predisposing boys with DMD to vitamin D insufficiency. Bianchi et al. reports similar 

findings (76). Both authors report uncertainty as to why 25(OH)D levels are reduced in boys 

with DMD. Nutritional interventions designed to correct 25(OH)D insufficiency and optimise 

calcium intake could improve bone health, especially in boys using GCS. 

 

Recently, Bianchi et al. reported on results from an intervention in which boys with DMD 

treated with GCS were provided with vitamin D supplementation (0.8µg/kg/day) together 

with dietary counselling to optimise calcium intake (77). Participants were observed for a one 

year period prior to commencing the dietary changes. Following the two year intervention, 

serum 25(OH)D levels normalised (20-55ng/ml), and an increase in bone mineral density was 

observed in 65% of boys.  

 

Despite these findings, the appropriate dose of vitamin D supplementation for boys with 

DMD is unclear. Unpublished findings described in a workshop report detail the variability of 

responses to vitamin D supplementation in boys with DMD (36). In boys receiving 1200-1300 

IU vitamin D daily, 50% showed no response to therapy, whilst the mean increase in 

25(OH)D in the remaining children was 13 ng/ml. Biggar et al. recommend daily calcium 

(750mg) and Vitamin D (1000 IU) supplementation in conjunction with GCS therapy for 

those participating in a longitudinal trial of deflazacort therapy (39). Vitamin D metabolism 

and appropriate supplementation doses are areas which would benefit from future research.
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1.6 Nutritional assessment 

1.6.1 Height 

Short stature in boys with DMD has been documented but its precise aetiology is unclear. 

Eiholzer et al. conducted a retrospective longitudinal analysis of growth in 25 boys with 

DMD (78). Whilst mean birth length is normal or slightly elevated, growth velocity slows and 

crosses percentile channels at 1.5 SD below the mean during the first year of life. Growth is 

maintained at a normal velocity from age 3-4 years. The findings of Eiholzer et al. are 

supported by Nagel et al. and Willig et al. who determined mean z-scores for height for their 

populations as -1.0 and -0.936, respectively (79, 80). McDonald et al. demonstrated that 

reduced stature remains a feature into adulthood (81). Interactions of GCS and growth require 

long term follow up. Biggar et al. demonstrated that boys treated with deflazacort were 

significantly shorter than boys not treated at age 10 years, 15 years and 18 years (39). Whilst 

short stature may offer some benefits in terms of functional ability, it may be detrimental to 

the psychological health and quality of life for males with DMD (35). Currently, there is a 

lack of evidence to support the use of growth hormone treatment.  

 

Although standing height is the preferable measurement, accurate measurements of height 

become difficult to obtain approaching adolescence because of boys‟ inability to stand 

combined with the presence of severe scoliosis and/or contractures. Stewart et al. suggest 

measurement of upper arm length, tibial length or knee height as surrogates for total height in 

these circumstances (82).  

 

1.6.2 Weight  

In steroid-naïve boys, weight is disproportionately distributed throughout the stages of DMD. 

McDonald et al. reported that 44% of boys aged 9-13 years were above the 90th percentile in 

weight, whilst, after age 17 years, 65% weighed less than the 10th percentile (81). Similar 
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findings were presented by Willig et al. (80). Of the 252 boys studied, the prevalence of 

obesity, defined as weight above the 90th percentile, reached 54% by age 13 years. Under-

nutrition (weight below the 10th percentile) then occurred after age 14 years, involving 54% 

of the boys by age 18 years. Recent data suggests an increasing prevalence of obesity; 73% of 

patients were obese by 13 years of age and at maximal follow up (mean age 18.3 years), 47% 

of patients were obese and 34% were underweight (83). All of these studies were conducted 

in steroid-naïve cohorts. Again, the interaction between weight and GCS treatment is 

significant; this is discussed in further detail in section 1.8.  

 

1.6.3 Body composition 

Body composition in DMD is characterised by a decreased lean body mass and an increased 

fat mass (84). As much of the fat mass is intramuscular (84), standard anthropometric 

measures (ie. skinfold thickness) are not as accurate in assessing adiposity as other body 

composition techniques (84-87). Body composition measures most often used with the DMD 

population include dual energy X-ray absorptiometry (DXA)(66, 68, 87-89), bioelectrical 

impedance (60, 71, 86, 87, 90), total body potassium (91, 92), magnetic resonance imaging 

(MRI)(26, 73, 84, 85, 93, 94), and urinary creatinine excretion (71, 91, 92, 95). The variety of 

different methodologies and outcome measures has precluded any meta-analysis. 

Qualitatively, these studies demonstrate that DXA and MRI are accurate and non-invasive 

measures that would be appropriate for a paediatric population. DXA may be more readily 

available for clinical evaluations, and has been shown to correlate with strength measures 

(89). 

 

Classifying boys with DMD as overweight or underweight based solely on height and weight 

or body mass index (BMI) without concurrent accurate estimates of body composition is 

problematic. Pessolano et al. cautioned against using BMI for evaluation of nutritional status 
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in boys with DMD (96). The researchers compared the number of boys classified as 

overweight using BMI (n=5) to the number of boys classified as overweight using the 

percentage of expected weight for zero muscle mass (n=30). However, it is necessary to 

account for reduced stature in boys with DMD when assessing weight. As no other disease 

specific index exists to classify weight for height, BMI remains a useful clinical tool if these 

limitations are acknowledged.  

 

1.6.4 Growth charts 

A specific DMD weight chart was created using the principle that both creatinine excretion 

and total body potassium, when related to height, decline at an average rate of 4% per year 

(97). At 6 and 17 years, boys with DMD have 60% and 20% of predicted muscle mass, 

respectively. This muscle mass was added to theoretical weight centiles drawn for zero 

muscle mass to produce an ideal body weight for boys with DMD. When comparing this chart 

to the Centers for Disease Control and Prevention (CDC) 2000 weight-for-age charts, the 

percentiles sit lower to take into account the loss of muscle mass. 

 

Willig et al. examined the validity of this ideal weight chart (80). The researchers collected 

2,387 individual weights from 252 DMD subjects aged 5-19 years. The researchers confirmed 

the accuracy of the weight chart up until the age of 12 years for the 10th percentile, and up to 

the age of 7 years for the 90th percentile. After these ages, the observed curves deviate greatly 

from the ideal chart. Perhaps the accuracy of the chart is better represented by McDonald et 

al., documenting the natural history of DMD, who compared weight measures of 162 boys 

with DMD to the ideal weight chart (81). They found that before age 17 years, a 

disproportionate percentage of participants (64 – 73%) fell above the 90th percentile for 

„ideal‟ weight. Conversely, after age 17 years, 23% of participants fell below the 10th 

percentile while 53% of participants were above the 90th percentile.  
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These papers highlight a matter of common contention when using growth charts: should 

clinicians use charts that illustrate how children should grow (ideal growth charts) or charts 

that illustrate how children actually grow (standard growth charts)? The best assessment of 

growth will be made with clinical judgement based on an individual‟s serial anthropometric 

measures, hence standard growth charts such as the „UK 90‟ or the „CDC 2000‟ are 

appropriate for use when one is aware of the comparison population (64). The recent practice 

guidelines also recommend the use of national percentile charts (15). Here, the working group 

has defined good nutritional status as a weight-for-age or BMI-for-age falling between the 

10
th

 and 85
th

 percentiles.   
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1.7 Nutritional concerns 

1.7.1 Early onset obesity 

Excess weight gain occurs in the early stages of the disease, with a dramatic inflexion in the 

observed 90th weight percentile occurring from an age of seven years (80). Effects of 

increased weight can be extremely debilitating. Obesity contributes to the progression of the 

disease by exerting extra force on already weak muscle groups, essentially decreasing 

mobility. In an examination of the body composition of 13 boys aged 9-13 years with DMD,  

Hankard et al. split the group into obese DMD (n = 5) and non-obese DMD (n = 8), in 

accordance with the Griffiths and Edwards weight chart (71, 97). Their analysis found no 

difference in muscle mass between obese and non- obese participants, suggesting that obesity 

should be considered only as a factor increasing the level of disability. Obesity also has 

implications for increased respiratory involvement, poorer psychosocial development, and can 

make the activities of daily living and care at home more difficult. 

 

Excess weight gain is exacerbated in boys treated with GCS as their increased appetite 

contributes to over-consumption of energy (98). Weight gain is the most frequently reported 

side effect for DMD children on GCS  and is a major concern for parents/caregivers (47). A 

systematic review conducted by Moxley et al., determined that weight gain occurred in boys 

given prednisone in the dose range of 0.3-1.5mg/kg/day (38). In patients treated for 6 months, 

20%-24% of those receiving a placebo increased their weight by ≥ 10% compared with 75-

80% of patients receiving 0.75 mg/kg/day prednisone. Likewise, 43% of patients receiving a 

placebo gained ≥ 20% of their baseline weight after 18 months compared with 75% of 

patients receiving 0.75 mg/kg/day prednisone. Despite their weight gain, patients showed 

clinical improvement. Interestingly, the source of the weight gained, ie: a gain in muscle 

versus a gain in fat, differed between those patients receiving prednisone compared with those 

receiving a placebo. At the completion of the 18-month prednisone trial a 36% increase in 

muscle mass in the 0.75 mg/kg/day prednisone group compared
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with placebo-treated patients was demonstrated using urinary creatinine excretion. These 

findings challenge health professionals to re-consider the definition of “excessive weight 

gain” and to consider the need for measurement of body composition as part of the nutrition 

assessment. 

 

There is debate about whether the type of GCS contributes to the severity of induced side 

effects. It has been suggested that those treated with deflazacort do not gain as much weight 

as those receiving prednisone. Bonifati et al. followed 18 boys over 1 year in a double blind, 

randomised controlled trial of deflazacort vs prednisone (99). After 9 months, the average 

weight increase with respect to baseline value was 5% in the deflazacort group compared with 

18% in the prednisone group. This change remained significant after 12 months. Balaban et 

al. report similar results when examining the long term effects of GCS treatment in DMD 

(42).  

 

1.7.2 Malnutrition 

As boys with DMD age, the likelihood that they will become underweight is increased. 

Significant muscle wasting will result in weight loss. This is accentuated by eating difficulties 

experienced at meal times usually leading to a reduced food intake. Iannaccone et al. in a 

retrospective chart review investigated malnutrition following surgical procedures in nine 

boys with DMD aged 14-17 years (100). Weight loss after surgery was found to be associated 

with loss of the ability to self-feed. Some possible explanations suggested were: a decrease in 

the range of motion of the neck, or decreased head control; lack of adequate care-giving; or 

low cognitive function. Intervention to increase energy intake resulted in weight gain. Pane et 

al. reported on feeding problems experienced by 118 individuals with DMD aged 13.8-35.8 

years (24). Of those in the sample, 20% reported chewing difficulties leading to an increase in 

meal duration, 10% had difficulties opening their mouth, and 18% experienced episodic 
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choking. In a similar survey, Willig et al. collected responses from 41 individuals with DMD 

(mean age 18.7 ± 5.7 years), as well as several other neuromuscular diseases (101). The most 

prominent problem encountered was getting food to the mouth. Moreover, 53% and 33% of 

respondents also reported difficulties with chewing, and choking, respectively.
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1.8 Nutritional management and monitoring 

1.8.1 Obesity  

Standard dietetic practice for weight management is to manipulate the energy balance 

equation by decreasing intake of food energy, and by increasing activity to increase total 

energy expenditure. The practice of “eat less, do more” however, should not be applied to 

boys with DMD. Although obesity raises considerable parental concern, caution is needed 

when inducing a negative energy balance as this may increase loss of lean body mass which 

does not have the potential to regenerate. In adults on various energy restricted diets, it has 

been shown that weight loss comprises fat mass loss (around 70%)  and lean mass loss 

(around 30%) (102). The issue of activity prescription also remains uncharted territory. There 

is a risk of increased muscle breakdown from overuse which must be balanced against the 

increased risk of muscle weakness from disuse (103). Activity prescription should be guided 

by physiotherapists. Probably due to these factors, there is only one relatively old publication 

on successful weight loss through dietary intervention in just one boy with DMD and another 

with BMD (104). 

 

These two case studies demonstrated that weight loss was possible and led to an increase in 

mobility and self-esteem without deleterious effects on total body nitrogen (a surrogate 

measure of lean mass). However, the authors cautioned that weight loss should be carefully 

monitored due to the potential loss of lean tissue that usually results during periods of 

negative energy balance. To achieve this weight loss in the boy with DMD, energy intake was 

restricted to 2,600 kilojoules/day (55g protein, 30g fat, 40g carbohydrate) from January to 

December, 1981, leaving one to query micronutrient adequacy and patient satisfaction. Intake 

was then increased to 4,200 kilojoules/day (40% protein) and then gradually to 7,100 

kilojoules/day. Total weight loss was 37.8 kg (from an initial weight of 86.6 kg). Whilst this 
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reports an extreme weight loss program, success is more likely to be achieved with family 

orientated, lifestyle interventions.  

 

A recent case series investigated the feasibility and efficacy of a parent-focused intervention 

in three families with sons with DMD (105). The intervention aimed to improve eating and 

physical activity habits in the parents, and to subsequently improve weight in their sons with 

DMD.  Although weight changes in boys with DMD following the intervention were variable; 

other favourable outcomes were observed. Specifically, the parents‟ weight decreased and 

there was an increase in the amount of healthy foods available in the home and in the 

children‟s perceived quality of life.  

 

Pharmaceutical therapy may complement dietary and lifestyle interventions. This may firstly 

involve adjusting GCS dose. The recent practice guidelines recommend that GCS should only 

be titrated to a weight of 40 kg (maximum of 30 mg/day prednisone or 36 mg/day deflazacort) 

(3). If weight gain is unmanageable and intolerable, GCS dose may be reduced by 25-50% 

over several visits, ensuring that the dose is above the minimum effective level 

(0.3mg/kg/day). Alternatively, deflazacort could be trialled, or the GCS dosing regimen may 

be changed to a high dose weekend or an intermittent schedule (10 days on with 10 or 20 days 

off). Other pharmaceutical interventions may work in conjunction with GCS treatment.  

 

The use of metformin, an insulin sensitiser, has been examined in a double blinded 

randomised controlled trial in a population of children with a primary muscle disorder or 

neural tube defect who were clinically obese or who had gained excessive weight in the 

previous year (106). The cohort included 13 boys with DMD, 12 of who were treated with 

deflazacort.  Children treated with metformin gained significantly less weight during the 

treatment period, and also reduced their BMI. Other outcomes included an improvement in 
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insulin sensitivity, fasting glucose and fasting insulin, and a reduction in visceral fat. 

Although metformin therapy warrants further investigation, these results suggest that boys 

treated with GCS who have gained excessive weight should be evaluated for impaired glucose 

metabolism (35). Similarly, in 2005, Carter and colleagues published a letter reporting 

anecdotal evidence of weight loss in 2 boys with DMD using the anti-epileptic drug, 

topiramate (Topamax, Janssen-Cilag) (107). The patients lost 26% and 41% of their initial 

body weight, respectively. The authors concluded that further study investigating the use of 

pharmaceutical weight loss agents is warranted.  

 

The most constructive advice in the management of overweight boys with DMD boys is given 

by Griffiths and Edwards in 1988: “prevention of excess weight gain in the younger patient is 

preferable to severe dietary restriction in the already obese subject” (97). The modern 

manifestation of this advice would be to provide anticipatory guidance to boys commencing 

GCS, and to follow up with regular monitoring of growth, in particular of weight gain. Given 

the devastating effects of excess weight on mobility, muscle loss associated with negative 

energy balance needs to be weighed up against the detriments of fat gain in the ambulatory 

DMD population. 

 

To enable the provision of anticipatory guidance, height and weight should be measured at a 

minimum of every six months and plotted on growth charts (15, 82). As discussed in 

section 1.6.4 standard growth charts such as the „UK 90‟ or the „CDC 2000‟ can be used in 

clinical practice to monitor longitudinal growth and development in neuromuscular disorders. 

 

1.8.2 Malnutrition 

Dietary modification is an important strategy to manage feeding difficulties. Modifications 

include cutting food into smaller pieces, and with older individuals, changing texture to 
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smooth foods (24). A multidisciplinary team should be involved in the management of 

feeding difficulties with individual preference being paramount (64, 82). Gonzalez-Bermejo 

et al. analysed dietary intake in an older group of 20 DMD adults aged 22-33 years, using 

home mechanical ventilation (60). Despite using ventilator support nocturnally (n =13) or 

continuously (n = 7), no subjects had a gastrostomy and/or used oral supplements. However, 

all subjects reported eating slowly and with difficulty, but stated that these inconveniences 

were largely compensated for by the pleasure of eating a normal meal.  

 

The nutritional benefits of enteral feeding have now been demonstrated by several authors 

(108-110). Collectively, gastrostomy feeding improved nutritional status across all cohorts 

and was well tolerated. In the literature, the incidence of gastrostomy feeding tubes in older 

boys with DMD ranges from nil to 50% (60, 111). Indications include difficulty in 

swallowing leading to aspiration, and under-nutrition (112). As with other conditions, 

multiple factors should be considered before gastrostomy placement. When the disease has 

reached a stage where alternate feeding options need to be considered, many patients have 

severe respiratory insufficiency, putting them at high risk of major complications when they 

are anesthetized or sedated for the gastrostomy procedure (113). Despite the severe risks, 

Birnkrant et al. have detailed successful gastrostomy placements in a 22 year old male 

(weight 25.2kg, forced vital capacity 20%); and a 19 year old male (weight 30.5kg; forced 

vital capacity 2 years prior to procedure 17%) (113). At 6 and 4 weeks following their 

procedure, serum pre-albumin had risen from 134 to 197 mg/L and from 172 to 255 mg/L, 

respectively. The authors encourage physicians to consider whether providing enteral 

nutrition support should be proactively planned at earlier stages of the disease process, before 

the risks associated with anaesthesia become high in those with compromised respiratory 

capacity. 
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In the past, gastrostomy placement in the DMD population was rare, most likely due to ethical 

issues surrounding this procedure (24). Hilton et al. presents an excellent discussion on these 

ethical considerations: “the „can do‟ versus the „should do‟… the ability to act does not justify 

the action” (111). In the face of such confronting ethical decisions in medicine, and in this 

case dietetics, the authors suggest four considerations to professionals: medical indications; 

patient preference; quality of life; and contextual features (social and medical support). 

Increased carer time is another issue when considering gastrostomy feeding; an analysis of an 

adult DMD population concluded that inadequate and poorly directed social and medical 

support was an area of experienced difficulty (114).  Heyman et al. demonstrated that use of a 

gastrostomy tube for enteral nutrition support in children is associated with significant 

increased care time by the primary caregiver (115).  

 

The dietitian has an integral role in monitoring nutritional status as boys with DMD progress 

through the stages of the disease process. Cano et al. explored nutritional markers in patients 

on long term oxygen therapy and/or home mechanical ventilation (116). Of 744 participants, 

13% had a neuromuscular disease. Fat free mass was determined to be the most sensitive 

marker for detecting malnutrition when compared to BMI, serum albumin and serum 

transthyretin (pre-albumin). Alternatively, Gonzalez-Bermejo et al. suggest that boys with 

DMD receive standard nutritional education and be told to eat ad libitum in order to satisfy 

hunger, whilst monitoring body weight precisely (60). If weight should alter in the absence of 

obvious factors (eg. infection) a prompt investigation of fat free mass and REE should be used 

in order to guide nutritional advice.  

 

1.8.3 Predicting weight status 

The variability in weight status has been identified anecdotally (112, 117). Some boys are 

relatively thin and remain so throughout childhood even during GCS treatment, whereas other 
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boys may gain weight excessively. Identifying individuals with DMD who are at risk of over- 

or under-nutrition would be of great benefit because it would support the provision of 

anticipatory nutritional counselling. A recent retrospective multicentre audit provides some 

evidence for predicting patients at risk of under nutrition (83). In this steroid-naïve cohort (N 

= 70), obesity at age 13 years was associated with later obesity. Conversely, normal or 

underweight at 13 years of age was associated with later underweight status. Using receiver-

operating characteristic curves, weight for age ≥ 151% at age 13 years predicted later obesity; 

and weight for age ≤ 126.5% predicted later underweight status. The authors concluded that 

mild obesity (weight-for-age ≥126.5% and ≤ 151%) should not be discouraged because of its 

potential protective effect on malnutrition in the advanced stages of DMD. Although this 

study provides useful information on how to predict which boys will swing from overweight 

to underweight during their lifespan; one key question remains. How can we identify 

individuals who are likely to become overweight in late childhood/early adolescence?  

  



33 

 

1.9 Nutriceuticals  

There are four randomised controlled trials, summarised in a recent Cochrane review 

providing high quality evidence for the use of specific dietary supplements to enhance muscle 

function (118). Because many families seek alternative or naturopathic supplements, dietitians 

need to be aware of their potential nutritional effects or interactions. The most promising of 

these is creatine monohydrate (CrM). Creatine is an amino acid found in muscle that stores 

energy as phosphocreatine for immediate use (45). Several studies have supported the use of 

CrM for increasing athletic performance and strength in healthy populations (119). A recent 

Cochrane review concluded that evidence from randomised trials shows that short and 

medium term CrM treatment improves muscle strength in people with neuromuscular 

disorders, and is well tolerated (118). In 138 participants treated with CrM, there was a 

significant increase in maximum voluntary contraction in CrM group compared with placebo, 

with a weighted mean difference of 8.47% (95% confidence interval (CI)  3.55, 13.38). There 

was also an increase in lean body mass during CrM treatment compared with placebo 

(weighted mean difference 0.63kg, 95% CI0.02, 1.25). The supplement doses included for 

children were 5 g/day (two trials), 3 g/day, and 100 mg/kg/day; and for adults 10 g/day (120-

123). Another interesting finding from these studies was the effect on bone health in boys 

with DMD; treatment increased bone mineral density by 3% (121), and reduced levels of N-

telopeptides, a marker of bone degradation (122). Since the Cochrane review, a further 

randomised controlled trial investigating CrM in boys with DMD has been published (124). 

The results presented from this study support the reviews findings; strength measures 

improved in the CrM treated group following 8 weeks of CrM supplementation at 5 g/day in a 

steroid-naïve population. 

 

Of the studies included in the Cochrane review, all bar one were conducted in steroid-naïve 

dystrophic males (122). The use of synergistic therapies could possibly increase the positive 
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effect on muscle function. Using the mdx mouse model, Payne et al. tested several compounds 

(CrM, conjugated linoleic acid, α-lipoic acid, and β-hydroxy-β-methylbutyrate) alone, in 

combination, and in combination with prednisolone (125). Although each treatment alone and 

in combination showed some benefit, combination therapy with prednisolone provided the 

most consistent evidence of efficacy; there was increased peak grip strength, and a decrease in 

grip strength fatigue. Similar complementary effects have been observed between prednisone 

and CrM treatment in vitro (126). 

 

A further clinical trial supporting the concept of nutriceutical therapies explored the effect of 

Coenzyme Q10 on strength measures in twelve GCS treated boys with DMD (127). Boys 

were dosed with individualised amounts of coenzyme Q10 sufficient to rise blood levels of 

the nutriceutical to >2.5µg/ml for the intervention period of 6 months. This pilot study 

demonstrated an 8.5% increase in muscle strength, and larger controlled trials are now 

warranted to confirm these results.  

 

Glutamine has also been tested in clinical trials in boys with DMD. Studies in non-dystrophic 

humans have shown that doubling plasma glutamine concentration has stimulated protein 

synthesis, whilst an experimental decrease in plasma glutamine using a glutamine chelator has 

produced protein wasting (128, 129). Trials investigating the effect of oral glutamine 

supplementation in males with DMD on whole body protein kinetics have reached several 

conclusions. Initially, Hankard et al. concluded that glutamine may have a protein-sparing 

effect in children with DMD, decreasing estimated whole body protein degradation (130). 

Hankard et al. went on to demonstrate a significant decrease in glutamine availability in the 

post-absorptive state, leading the authors to question whether glutamine is “a conditionally 

essential amino acid in DMD?” (131). More recently, Mok et al. supplemented 26 boys with 

DMD aged 7-15 years with either oral glutamine or an amino acid supplement (132). The 
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results showed that oral glutamine or amino acid supplementation over 10 days inhibits whole 

body protein degradation. Despite promising results in these studies, a randomised control 

trial was unable to demonstrate a statistically significant effect of therapy based on manual 

and quantitative measurements of muscle strength. Glutamine was dosed at 0.6 g/kg/day 

(120). In this study, statistical power was reduced because the placebo group did not 

experience the physical decline that the investigators had expected; the authors concluded that 

a disease-modifying effect of glutamine in younger dystrophic males cannot be excluded. 

Following on from their earlier work, Mok et al. conducted a randomized cross-over design 

trial investigating the effects of glutamine supplementation at 0.5 g/kg/day on functional 

outcomes (walking speed) and body composition measured by DXA (133). Although no 

difference was found between glutamine and placebo treatment, subjects did not deteriorate 

over the nine months intervention period. Of the 30 boys recruited for this trial (aged 2 to 10 

years), only five were being treated with GCS. Interestingly, a subgroup analysis revealed a 

significant effect of glutamine on functional measures in boys taking GCS, suggesting again 

that GCS and nutriceuticals may act synergistically.  

 

The majority of other investigations in nutritional interventions have used the mdx mouse 

model. L-arginine is being investigated for its ability to increase utrophin levels. Utrophin is 

described as a „dystrophin paralog‟  due to its structure, and its ability to perform similar 

functions at the sarcolemma, suggesting that  increased levels of utrophin may compensate for 

the absence of dystrophin (5). Chaubourt et al. and Voisin et al. demonstrated an increase in 

utrophin levels in the muscle of mdx mice (134, 135). Voisin et al. (135) then explored the 

effect of this on muscle function. Isometric tension was found to increase by 30% in the 

diaphragm – the most affected muscle in the mdx mouse. The efficacy of green tea extract has 

also been examined in mdx mice, owing to its antioxidant properties which can decrease 

muscle necrosis (136, 137). 
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Finally, reviews on therapeutics in DMD have discussed the potential value of β-hydroxy-β-

methylbutyrate (HMB)  because of its potential value to increase lean body mass as 

demonstrated in patients with human immunodeficiency virus (40, 45, 138, 139). To date, use 

of HMB has only been investigated in the mdx mouse (125). 

 

Despite the increasing number of clinical trials in recent years exploring the use of 

nutriceuticals for boys with DMD, the evidence is still not sufficient to upgrade the evidence 

level. Many studies still exist at the bench level, and there is inconsistent evidence for any one 

nutriceutical. Also, there is a lack of investigation into functional outcome measures – what is 

most meaningful to boys and their families. Similarly, the practice guidelines made no 

recommendations for the use of supplements due to an absence of supportive data or expert 

opinion consensus (3). The concept of complementary therapies warrants further attention. 

  



37 

 

1.10 Future nutritional issues 

The multidisciplinary management of boys with DMD has progressed significantly and now 

involves the use of GCS therapy, ventilator support, spinal management and improved 

therapies such as physiotherapy. As a result, the life expectancy of boys with DMD is steadily 

increasing. Eagle et al. reviewed 197 patient notes from 1967 to 2002, concluding that the 

chances of survival to 25 years have increased from 0% in the 1960s, to 4% in the 1970s, 12% 

in the 1980s, and 53% in the 1990s; and this was before the advent of GCS treatment (140).  

 

Perhaps the largest impact on survival has been the use of both invasive and non-invasive 

ventilator support. A cross-sectional survey of a Danish population of 65 DMD patients aged 

18-42 years examined several aspects of this intervention (16). With an older DMD 

population emerging, it is unclear what nutritional issues will emerge in the adulthood life of 

DMD males. With increased body fat mass and an inability to exercise are these young men at 

risk of developing a cluster of cardiovascular risk factors such those described in the 

Metabolic Syndrome? Aitkens et al. and Kilmer and Zhao suggest this is possible and will 

provide a new level of complexity to dietetic management (141, 142).  
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1.11 Summary 

There is little high quality evidence to support the key practice points highlighted throughout 

this paper (Table 1-3). Reviewing the evidence base for nutrition in DMD reveals consistent 

limitations across all areas. Overall, there is little research into nutrition and DMD. Papers 

report robust results, but few other studies support the findings; small sample sizes are 

common as recruiting from such a sparse patient population can be difficult; randomised 

controlled studies are scarce; and too many promising projects remain at the bench stage. It is 

for these reasons that many clinical recommendations are based on extrapolations from non-

DMD studies or are based on expert opinion. Such recommendations are inevitably ranked as 

low level evidence. However, they are not without merit. Given the obstacles potential DMD 

researchers face, expert opinion based on clinical expertise and fundamental nutrition 

principles may provide the strongest and most accurate evidence as yet available.  

 

The clinician needs to be aware of limitations when using expert opinion to guide practice. 

Such limitations may include the selective use of evidence, inappropriate interpretation of the 

evidence due to personal experience, and the impact of external influences including 

professional expectations and business interests. Challenges may also arise when expert 

opinions are conflicting and there is insufficient evidence to support either argument.  

 

Management of boys with DMD is best provided through a multidisciplinary clinic. The two 

main nutritional concerns identified in DMD are early onset obesity and malnutrition during 

the advanced stages of the disease. The evidence presented in this review has provided key 

practice points for dietitians to be aware of when managing a boy with DMD. 

 

The review has also highlighted many gaps in the literature specifically in the areas of energy 

requirements, bone health, micronutrient requirements (vitamin D), growth monitoring, and 
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use of novel amino acids and nutritional supplements. More research is urgently needed to 

develop these areas as they are essential tools of dietetic practice. Until the findings from 

contemporary research become available, expert opinion based on current research and 

fundamental knowledge of nutrition principles should be used to fill these gaps. The goal of 

dietetic management in DMD remains clearly to optimise nutritional status across the 

lifespan. 
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Table 1-3 Key nutrition practice points and supporting literature 

Key Practice Point Supporting Studies Level of 

Evidence 

Grade of 

recommendation 

Limitations 

Nutritional Requirements 

Predictive energy equations do not exist for boys with 

DMD. 

Gonzalez -Bermejo et al. (2005) (60) 

Zanardi et al. (2003) (73) 

Satomura et al. (2001) (72) 

Hankard et al. (1996) (71) 

Okada et al. (1992) (59) 

Berardinelli et al. (2001) (26) 

Hogan (2008) (74) 

Shimizu-Fujiwara et al. (2011) (61) 

3b 

4 

4 

3b 

4 

3b 

4 

3b 

D Contradictory results. 

Small sample sizes. Varying age range. Only three 

studies have examined resting energy requirements in 

ambulatory children.  

Total energy expenditure has not been measured.  

Total energy expenditure = REE (measured if 

possible) x physical activity level 

Extrapolation from studies listed 

above.  

5 D Expert opinion 

Monitor weight to guide energy prescription. Almond et al. (2007) (64) 5 D Expert opinion  

Ensure adequate intake of micronutrients as per 

nutrient reference values.  

nil 5 D Expert opinion. No studies have investigated 

micronutrient requirements. 

Provide Vitamin D (1000 IU daily) and calcium (750 

mg daily) supplements, especially in those receiving 

GCS treatment. 

Extrapolation from: 

Biggar et al. (2006) (39) 

Douvillez et al. (2005) (68) 

Söderpalm et al. (2007) (66) 

 

2b 

4 

3b 

D Expert opinion extrapolated from a few studies only. 

No intervention study has trialled Vitamin D (1000 

IU daily) and calcium (750mg daily) supplementation 

and examined the effect on bone mineral density. 

Monitor serum 25-hydroxyvitamin D. Extrapolation from: 

Douvillez et al. (2005) 

Söderpalm et al. (2007) 

 

4 

3b 

D Expert opinion  

Frequency of monitoring is required unclear. 

Nutrition Assessment 

Short stature is a characteristic of boys with DMD. Eiholzer et al. (1988) (78) 

Nagel et al. (1999) (79) 

Willig et al. (1993) (80) 

2b 

2b 

2b 

B Eiholzer et al. and Nagel et al. have small sample 

sizes (25 and 34,  respectively). 

Accuracy of height measurements in these 

retrospective studies. 

Measure standing height if the boy is able to stand. Stewart et al. (2006) (82) 3a D Not specifically focused on DMD. 

No supporting studies.  

Upper arm length, tibial length, or knee height can be 

measured as surrogates for height in DMD. 

Stewart et al. (2006) (82) 3a D Not specifically focused on DMD. 

No supporting studies. 

Weight is disproportionately distributed in DMD. Willig et al. (1993) (80) 

McDonald et al. (1995) (81) 

2b 

1b 

B  
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Key Practice Point Supporting Studies Level of 

Evidence 

Grade of 

recommendation 

Limitations 

Measure weight with appropriate scales to match a 

boy‟s physical ability 

Stewart et al. (2006) (82) 3a D Not specifically focused on DMD. 

No supporting studies. 

Body composition is characterised by a decreased lean 

body mass and increased intramuscular fat mass.  

 

Various tools can be used to measure body 

composition.  

 

Leroy-Willig et al. (1997) (84) 

Griggs et al. (1983) (91) 

Edmonds et al. (1985) (92) 

Hankard et al. (1996) (71) 

Franciotta et al. (2003) (95) 

Huang et al. (1994) (93) 

Gong et al. (2000) (94) 

Berardinelli et at. (2001) (26) 

Zanardi et al. (2003) (73) 

Palmieri et al. (1996) (88) 

Douvillez et al. (2005) (68) 

Söderpalm et al. (2007) (66) 

McDonald et al. (2005) (90) 

Gonzalez-Bermejo et al. (2005) (60) 

McCrory et al. (1998) (143) 

3b 

2b 

3b 

3b 

3b 

3b 

3b 

3b 

4 

3b 

4 

3b 

3b 

3b 

3b 

C Small sample sizes (n = 8-26) 

Not all studies focused on DMD. 

Varying age ranges and methodology.  

No randomisation.  

No review papers available.  

There are limitations to using height, weight or BMI 

alone as a screen for obesity in boys with DMD. 

Leroy-Willig et al. (1997) (84) 

Pichiecchio et al. (2002) (85) 

Mok et al. (2006) (86) 

Pessolano et al. (2003) (96) 

3b 

3b 

3b 

4 

C  

Of the various tools available to measure body 

composition in DMD, DXA and MRI are the most 

accurate, appropriate and non-invasive. 

Leroy-Willig et al. (1997) (84) 

Franciotta et al. (2003) (95) 

Huang et al. (1994) (93) 

Gong et al. (2000) (94) 

Berardinelli et at. (2001) (26) 

Zanardi et al. (2003) (73) 

Palmieri et al. (1996) (88) 

Douvillez et al. (2005) (68) 

Söderpalm et al. (2007) (66) 

Pichiecchio et al. (2002) (85) 

Skalsky et al. (2009) (89) 

Mok et al. (2010) (87) 

3b 

3b 

3b 

3b 

3b 

4 

3b 

4 

3b 

3b 

3b 

3b 

C  

Standard or national growth charts are appropriate for 

use when assessing growth in DMD 

Almond et al. (2007) (64) 

Bushby et al. (2010) (15) 

5 

5 

 Expert opinion 
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Key Practice Point Supporting Studies Level of 

Evidence 

Grade of 

recommendation 

Limitations 

Nutritional Management and monitoring 

Early onset obesity Prevent excess weight gain by 

providing anticipatory guidance 

around energy balance prior to 

commencement of GCS. 

Griffiths and Edwards, (1988) (97) 3b D Expert opinion  

 

Advise reduction in energy intake 

with caution. Follow up with 

regular measurement of fat free 

mass to monitor progress where 

available. 

Edwards et al. (1984) (104) 4 D Case study of two participants.  

No controls. 

Out-dated.  

Heavily restrictive dietary regimen used. 

Measure height and weight at six 

monthly intervals and plot on 

standard growth charts. 

Bushby et al. (2010) (15) 

Stewart et al. (2006) (82) 

5 

3a 

 Expert opinion/consensus 

Malnutrition in 

advanced stages of 

the disease 

 

In advance stages of DMD, monitor 

individuals for weight loss. 

Gonzalez-Bermejo et al. (2005) (60) 3b D Small sample size. Expert opinion. 

Dietary texture modifications may 

be required to accommodate eating 

difficulties.  

Pane et al. (2006) (24) 4 D No intervention studies.  

Only 1 observational study. 

Gastrostomy feeding is well 

tolerated and improves nutritional 

status. 

Diamanti (2011) (109) 

Martigne et al. (2010) (108) 

Goldstein et al. (1989) (110) 

4 

4 

4 

C Consistent studies but only level 4 evidence 

Support patients and families in 

decisions regarding enteral feeding 

and/or gastrostomy tube placement. 

Hilton et al. (1993) (111) 5 D Expert opinion  

A multidisciplinary team should be 

involved in the management of 

feeding difficulties.  

Almond et al. (2007) (64) 

Stewart et al. (2006) (82) 

5 

3a 

D Expert opinion  
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Key Practice Point Supporting Studies Level of 

Evidence 

Grade of 

recommendation 

Limitations 

Nutriceuticals 

 

There is a limited evidence base to 

support the use of nutriceuticals in 

boys with DMD. 

Extrapolation from: 

Chaubort et al. (1999) (134) 

Voisin et al. (2005) (135) 

Payne et al. (2006) (125) 

Hankard et al. (1998) (130) 

Hankard et al. (1999) (131) 

Mok et al. (2006) (132) 

Dorchies et al. (2006) (137) 

Buetler et al. (2002) (136) 

Fenichel et al. (1988) (144) 

Escolar et al. (2005) (120) 

Mok et al. (2009) (133)  

Banerjee et al. (2010) (124) 

Spurney et al. (2011) (127) 

 

5 

5 

5 

3b 

3b 

4 

5 

5 

1b* 

1b 

1b 

1b 

1b 

D Many studies conducted only in the mdx mouse.  

Translational studies in humans are required. 

 

* Double-blinded randomised control trial with 

106 participants showed no effect of 

penicillamine and Vitamin E supplementation.  

Short and medium term creatine 

treatment improves muscle strength 

in people with NMD. 

Kley et al. (2007) (118) 1a A Long term effects not reported. 



44 

 

2 Sub-phenotypes in Duchenne muscular dystrophy 

 

A retrospective longitudinal analysis of the relationship 

between genotype, phenotype and growth in steroid 

treated and steroid-naïve boys with Duchenne muscular 

dystrophy
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2.1 Introduction 

DMD is caused by mutations in the dystrophin gene (DMD-G)
a
, located at Xp21.2 and 

rendering the body unable to produce the protein, dystrophin. This gene was first described in 

1986 (145). Subsequently, its great extent and complexity has been revealed. As the largest 

gene in the human genome, DMD-G spans ~2.5Mb of genomic sequence and contains 79 

exons (5).  Due to this very large size, a great many different types of mutational change are 

possible varying both in location and in type of functional disruption. To date, > 4,700 

different mutations in DMD-G have been documented (11). As seen in Box 1, these can be 

grouped into three main categories: deletions, duplications (or triplications), or point 

mutations (small changes within a single exon). Point mutations are further classified as: 

nonsense, frame shift, missense or splice site mutations.  

Mutation Definition 

Deletion A deletion removes a piece of DNA from DMD-G. Deletions 

can be small, removing one or a few exons, or large removing 

many exons from the gene. 

Duplication or 

triplication 

A duplication occurs when a piece of DNA or exon is copied 

once (duplication), twice (triplication) or more.  

 

 

 

 

Point 

mutation 

Frame shift  A point mutation changes the reading frame. A reading frame 

consists of a group of three purine or pyrimidine bases in the 

DNA, each coding for a single amino acid. A frame shift 

mutation that shifts the grouping of these bases will change the 

code for amino acids. 

Nonsense  A point mutation in the DNA code that when translated into 

RNA signals the cell to prematurely stop building the 

dystrophin molecule, resulting in a shortened protein. 

Missense  A point mutation in which a change in the DNA code causes the 

substitution of one amino acid for another in the dystrophin 

protein. The presence of this amino acid substitution results in a 

non-functional protein 

Splice site A point mutation that inserts or deletes a number of nucleotides 

in the specific site at which splicing of an intron takes place.  

Box 1 Definition of common types of mutation found in the DMD-G  

Definitions obtained from National Institutes of Health (146).

                                                 
a
 DMD is the correct symbol of the dystrophin gene. DMD-G is used here to avoid confusion with the 

abbreviation for Duchenne muscular dystrophy (DMD).  



46 

 

Initially, genetic analysis was only capable of detecting deletions in DMD-G. Current 

technology has allowed the entire gene to be sequenced, and at much lower cost, so that many 

small novel point mutations can be identified (33). Such advances in genetic analysis mean 

that disease diagnosis can now draw on the results of gene sequencing data as well as on the 

traditional muscle biopsy (3). As gene therapies progress, mutation analysis is critical so that 

young men who may benefit from gene therapy can be identified for upcoming clinical trials. 

Promising therapeutic agents currently being tested include: ataluren (PTC124®), an orally 

administered drug that promotes ribosomal read-through of nonsense mutations; and antisense 

molecules which can skip targeted exons (11). Accurate mutation analysis is also essential so 

that informed genetic counselling can be provided to families.  

 

Whilst there is observed variability amongst males with DMD in the rate of disease 

progression and response to GCS, little is understood about this heterogeneity which can be a 

significant confounder in clinical trials (147). Genetic influences could provide a possible 

explanation. Within the dystrophinopathies, a phenotype distinction can be made between 

DMD and the milder BMD in which some degree of dystrophin expression still remains. In 

cases of deletions within the DMD-G, this phenotype can be predicted by the “reading frame” 

hypothesis whereby males with BMD will produce a semi-functional, internally deleted 

dystrophin protein in comparison to males with DMD who produce a severely truncated 

dystrophin protein that is unstable (148, 149). Functionality persists in males with BMD due 

to the presence of the terminal domains within the dystrophin protein (11). When 258 

independent deletions were examined, the „reading frame‟ hypothesis predicted phenotype in 

92% of cases (148).  

 

Increasing the complexity of the genetic profile of DMD is the existence of various 

dystrophin isoforms. These are proteins of varying lengths containing different segments of 
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the basic dystrophin sequence. Isoforms are classified by their length and the tissue that they 

are commonly found in. For example, the full length isoform Dp427m spans 427 kilo Daltons 

in length and is found primarily in muscle. All of the full length isoforms (Dp427) are derived 

from a promoter at Exon 1. Shorter isoforms exist (Dp140, Dp260, Dp70, Dp116) and these 

are derived from more distal promoters. The location of the isoform promoters within the 

DMD-G is illustrated in Figure 2-1. Understanding the role of individual isoforms and their 

derivation may help to identify relationships between genotype and sub-phenotypes in DMD.  

 

 

Figure 2-1 Location of dystrophin isoform promoters within the DMD-G 

Figure obtained from the Leiden Muscular Dystrophy pages (150). 

 

Isoforms Dp140 and Dp70 have been found to be abundant in foetal brain, and are 

hypothesised to be related to cognitive impairment in DMD (151, 152). Subsequently, distal 

mutations in the DMD-G have been associated with cognitive function in boys with DMD. 

For example, deletions in exon 52 of DMD-G have been described as functionally significant 

in the manifestation of mental retardation. In an early study, 70% of participants with a 

deletion at exon 52 had diagnosed mental retardation, whereas only 38% of participants with 

mental retardation had deletions at other exons (153). Other groups have further explored this 

association. Intellectual impairment was found to be more prominent in males with a deletion 

distal to exon 30 (154). A second more recent study confirms these results (152). In this 

Dp71   
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second study, cognitive impairment was measured by Full Scale Intelligence Quotients in 62 

subjects. Cognitive impairment was found not to be associated with mutation type or size; but 

with the site of the DMD-G mutation. The boundary of proximal and distal groups was set at 

exon 30. Subjects with mutations distal to exon 30 had greater cognitive impairment. A 

similar relationship was observed when the proximal/distal boundary was extended to exon 

45.  Stronger correlations between cognitive impairment and mutation location were 

determined using a classification system based on mutations affecting the Dp140 promoter, 

providing evidence for the role of isoforms in clinical heterogeneity.  

 

The relationship between dystrophin mutation and the onset of cardiomyopathy has also been 

explored.  In males with BMD, deletions in exon 2-9, which affect the amino-terminal domain 

were found to be associated with early onset dilated cardiomyopathy (occurring in males in 

their mid-20s), compared to deletions in exon 50 and/or 51 that remove or disrupt hinge 3 in 

the dystrophin protein (in which cardiomyopathy onset is not seen until boys are in their mid-

40s) (155).  

 

Desguerre et al. have attempted to classify clinical heterogeneity across intellectual and motor 

outcomes in four distinctive sub-phenotypes: A severe intellectual and motor outcomes; B 

intermediate intellectual and poor motor outcome; C normal intelligence and delayed motor 

impairment; and D normal intelligence and poor motor outcomes (156). Some associations 

were evident between these four sub-phenotypes and particular mutated DMD-G regions. The 

frequency of mutations proximal to exon 30 increased from sub-phenotypes A to D; mainly 

due to the relationship with the intelligence component. Whilst cognitive function in this 

cohort was significantly associated with mutation site, similar relationships were not evident 

between genotype and motor function. It is of interest however, that boys classified in sub-

phenotype C were more likely to be „thin‟ based on BMI than those in the other groups. 
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Heterogeneity in growth patterns in DMD has been noted by several authors; particularly the 

identification of a „thin‟ phenotype resistant to weight gain throughout GCS treatment (112, 

117). Group C could thus represent a useful clinical sub-phenotype of boys with lower BMI 

and delayed motor impairment. Identifying individuals with DMD who are at risk of over- or 

under- nutrition is of great benefit in supporting the provision of anticipatory nutritional 

counselling. 

 

The role of the dystrophin mutation in the clinical variability in DMD is of great interest, but 

to date few disease variants can confidently be linked to differences in genotype. As genetic 

analysis becomes a part of best practice, it becomes possible to explore more of the 

relationships between genotype and sub-phenotypes (3). 

   



50 

 

2.2 Aims and objectives 

2.2.1 Aim 

The primary aim of this analysis was to investigate possible relationships between genotype 

and sub-phenotypes in boys with DMD. A secondary aim was to investigate whether there 

were any regional differences in the clinical characteristics of boys with DMD living in 

Queensland compared to Victoria.  

 

2.2.2 Objectives 

1. To describe physical and clinical characteristics at one clinical time point in boys with 

DMD, through the investigation of:  

a. anthropometry: height, weight and BMI 

b. lung function: forced expiratory volume as a percentage of predicted (FEV1%) 

and forced vital capacity as a percentage of predicted (FVC%) 

c. bone health: bone mineral density, vitamin D (25(OH)D) 

d. GCS use: dose and duration 

e. ambulatory status, and in those who cannot walk, the age at loss of ambulation 

(LOA) 

f. age of diagnosis 

g. age at commencement of GCS 

2. To determine if there are differences in the physical and clinical characteristics of boys 

with DMD living in Queensland compared to boys living in Victoria.  

3. To describe:  

a. the range of genetic mutations in the DMD-G and the location of affected exons in 

the combined cohort 

b. how height and BMI change over time  



51 

 

4. To explore relationships between age at LOA, BMI or lung function and clinical and 

genetic characteristics in boys with DMD.  

 

2.2.3 Hypotheses to be tested 

I. Boys with DMD living in Queensland will not differ from those in Victoria in physical or 

clinical characteristics. 

II. Age at LOA will not relate to clinical or genetic characteristics. 

III. BMI will be unrelated to clinical or genetic characteristics. 

IV. Lung function will not be related to clinical or genetic characteristics. 
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2.3 Methods 

2.3.1 Study design 

This is a retrospective case series, utilizing longitudinal data on physical, clinical and genetic 

characteristics collected during routine clinical care.  

 

2.3.2 Ethics approval 

Ethics approval was obtained from The Royal Children‟s Hospital, Melbourne (#29075B) and 

Royal Children‟s Hospital, Brisbane (HREC/09/QRCH/86) (Appendix 3and Appendix 4, 

respectively). The project was supported by MontroseAccess, Brisbane. As per the approved 

protocol, parental consent was waived. All data were stored in a non-identifiable format.  

 

2.3.3 Clinics  

Medical histories were examined from two Australian neuromuscular clinics: The Royal 

Children‟s Hospital, Victoria, and MontroseAccess, Queensland. Each clinic is the major 

centre where boys with DMD receive specialist medical care within their respective states. 

Families are referred to these centres upon diagnosis, hence our sample should include the 

majority of, if not all boys with DMD in Queensland and Victoria. Whilst the boys attend 

these neuromuscular clinics, their primary care giver is usually a local paediatrician or general 

practitioner in what constitutes an informal „shared care‟ scenario.  

 

2.3.3.1 The Royal Children’s Hospital, Melbourne, Victoria 

Boys with DMD living in Victoria attend the Neuromuscular Clinic, based within the 

Children‟s Neurosciences Centre at the Royal Children‟s Hospital, Melbourne. This is a 

multidisciplinary centre where boys can see a range of medical specialists including 

neurologists, respiratory physicians, cardiologists, orthopaedic surgeons, genetic counsellors, 

and allied health professionals, including a dietitian, within the one clinic. All medical notes 
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and correspondence as well as investigations for the boys attending the clinic are filed in their 

hospital medical history. These were examined for this analysis. 

 

2.3.3.2 MontroseAccess, Brisbane 

MontroseAccess is an independent, not-for-profit community organisation that provides 

therapy, respite and recreation services to children and young adults with physical disabilities 

living in Queensland. The organisation is governed by its own Board of Directors. Boys with 

DMD attend a neuromuscular clinic and receive physical therapy through MonstroseAcccess. 

The clinic is staffed by visiting neurologists from the Royal Children‟s Hospital, and the 

Mater Hospital, Brisbane. A range of allied health services including physiotherapy, 

occupational therapy, speech pathology and social work are available through 

MontroseAccess; although dietetic services are not included. Therapy and medical notes and 

correspondence for boys attending the clinic are filed in MontroseAccess patient files. These 

were examined for this analysis.  

 

2.3.4 Data collection 

Current clinic lists were provided by coordinators at each centre, and corresponding medical 

histories where obtained. Charts were examined from front to back. All available data on the 

following variables were collected:  

 Date of birth 

 Genotype: mutation type and location of affected exons 

 Age at diagnosis 

 Ambulatory status and age at loss of ambulation 

 Height (cm) 

 Body weight (kg) 

 GCS use: type of steroid (Prednisolone or Deflazacort), dose, age at commencement 
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 Lung function (FEV1% and FVC%) 

 Bone mineral density of lumbar spine (z-score) 

 Serum 25(OH)D (nmol/L) 

 Use of nutritional supplements  

 Nutritional investigations eg. iron studies 

 Dietitian consults (occasions of service) 

 Number of brothers and their clinical status 

 

The date as which the variable was measured was recorded for all data points. These dates 

were subsequently converted to age in years.  

 

Age of diagnosis was determined as the date at which the neurologist documented a 

discussion with parents regarding the diagnosis. If this was not available, age at diagnosis was 

taken as the date of the first genetic report or as the date of muscle biopsy.  

 

Age at commencement of GCS was determined as the date at which the neurologist 

documented the commencement of GCS. Similarly, age at loss of ambulation was determined 

as the date of the first neurologist entry stating that the patient no longer had the ability to 

walk.  

 

From collected anthropometry data, BMI (weight (kg)/height (m)
2
) was calculated. Weight, 

height and BMI z-scores were determined using the CDC reference values for children (157). 

Weight was also used to calculate GCS dose in mg/kg.  

 

With regard to genotype, if no mutation was detected during genetic analysis, the mutation 

was classed as „unknown‟. This occurred more frequently in older males, where dystrophin 
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sequencing may not have been available at the time of genetic analysis. In these cases, it was 

assumed that the mutation was a point mutation as this is highly likely.  

If there was no genetic information in the chart, the patient was excluded from the audit. This 

was done because missing genetic information is quite different from an unknown mutation. 

A patient with missing information could have a common and easily identifiable mutation, 

thus biasing the unknown mutation group.  

 

As a medical record is a legal and true representation of subject‟s medical history, all data was 

recorded exactly as it was documented in the medical record.  

 

2.3.5 Exclusions 

Subjects were excluded from the analysis if on chart examination, the boy had BMD; or if a 

genetic report could not be located within the medical history. As identifying changes in 

growth over time was a key objective, charts were excluded if no anthropometric measures 

were documented. 

 

2.3.6 Statistical analysis 

Statistical analysis was conducted primarily using SPSS, Version 18.0 (SPSS Inc., Chicago, 

IL). Microsoft Excel was also used for construction of graphs. The statistical methods used 

are summarised in the sections below in conjunction with the corresponding objectives and 

hypotheses. For all analyses, significance was considered to be obtained when p≤0.05. Results 

are displayed as mean ± standard deviation (SD), or median (interquartile range (IQR)) for 

non-normally distributed variables. 
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2.3.6.1 Testing for normality 

The distribution of each variable was examined visually using histograms. Normality of data 

distribution was tested using the Shapiro-Wilk Test. This test was chosen as it more 

appropriate for small sample sizes  but can also handle sample sizes as large as 2,000 (158).  

 

2.3.6.2 Description of physical and clinical characteristics (Objectives 1) 

Cross-sectional, descriptive analyses of the two cohorts (Queensland and Victoria) both 

separately and combined were undertaken. For patients with several observations for each 

characteristic, the last data point recorded for each variable was used. Weight, height and BMI 

z-scores and FEV1% were used in the analysis to adjust for age.  

 

2.3.6.3 Comparison of physical and clinical characteristics between the Victorian and 

Queensland cohorts (Objective 2 and Hypotheses I) 

When comparing means, a two sample Student‟s t-test or the non-parametric equivalent 

(Mann-Whitney U) was used to detect differences between physical and clinical 

characteristics, and age at key points between the Victorian and Queensland cohort. A chi 

squared test was used to compare proportions.  

 

2.3.6.4 Mutation Distribution (Objective 3, 4) 

Data collected on genetic mutations from the two clinics was explored using frequency 

(expressed as percentage) and histograms. Frequency of affected exons was expressed per size 

of the exon in base pairs (exon sizes described in Appendix 5). Types of mutations as well as 

exon location of the mutation were investigated. The data was also split by state (QLD/VIC) 

to see if the spread of mutations differed in the two clinics. The chi-squared test was used to 

look at differences in proportions of mutation types across the two cohorts.  
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2.3.6.5 Description of changes in BMI and height over time (Objectives 5, 6) 

All height and BMI records collected from the chart were converted to z-scores and grouped 

by year of age. For each subject, height and BMI measures were examined individually and 

allocated to the appropriate age. Only one measure per subject was allocated to each year of 

age. Where a subject had several measures in the one age group, the measure taken closest to 

mid-year was used.  Bar graphs were used to graphically summarise the mean height and BMI 

for each year of age. Within each year of age, BMI z-scores were classified as underweight, 

appropriate weight, overweight, and obese. These classifications were made based on the 

Clinical Practice Guidelines for the Management of Overweight and Obesity in Children and 

Adolescents produced by National Health and Medical Research Council (159). The 

corresponding percentiles and z-scores are summarised in Box 2. A bar graph was used to 

display the proportion of subjects in each BMI category at each age. 

 

BMI Category Percentile z-score 

Underweight ≤ 5
th

  ≤ -1.645 

Appropriate weight > 5
th

 and < 85
th

 > -1.645 and < 1.036 

Overweight ≥ 85
th

 and < 95
th

  ≥ 1.036 and < 1.645 

Obese ≥ 95
th

  ≥ 1.645 

Box 2 BMI categories and corresponding percentiles and z-scores 

 

2.3.6.6 Investigation of relationships between age at LOA and clinical and genetic 

characteristics (Objective 7, Hypothesis II) 

Multiple regression analysis was used to explore the relationship between age at LOA and the 

clinical and genetic characteristics of boys with DMD. Clinical characteristics entered into the 

model included age at chart audit, duration of GCS treatment, and BMI z-score (taken as the 

BMI z-score closest to LOA). For the purpose of the analysis, mutation type was expressed as 
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a dichotomous categorical variable: deletion versus other (including unknowns). Similarly, 

location of affected exons was dichotomised as: within exon 1-44 versus within exon 45-79. 

These categories were chosen so that each group incorporated proximal (exon 2-20) or distal 

(exon 45-55) known hotspots, while also providing approximately equal numbers of exons in 

each group (160).  

 

Standard multiple regression in which all independent variables are entered into the equation 

simultaneously was used in the analysis. Before proceeding with the model, assumptions were 

tested as summarised in Box 3. Logistic regression was also used to predict LOA < 10 years 

of age, given that the mean age at LOA was found to be 9.9 years. Possible predictive factors 

were first explored in univariable analyses. These included: duration of GCS treatment, 

mutation type, and location of mutation. BMI at specific ages was also examined as an 

independent predictor. To ensure adequate numbers in compared categories, age groups were 

combined (6.00-7.99 years and 8.00-9.99 years). BMI was entered as absolute z-scores or was 

classified as BMI ≥ 85
th

 (yes/no) and BMI ≥95
th 

(yes/no). Independent variables that were 

found to be significant predictors of LOA at < 10 years of age were then examined together in 

a multivariable analysis.  For each model, the goodness of fit was examined using the 

Omnibus Test of Model Coefficients and the Hosmer-Lemeshow Goodness of Fit Test (values 

> 0.05 indicate a „good‟ fit, in each case).  

 

2.3.6.7 Investigation of relationships between BMI z-score and clinical and genetic 

characteristics (Objective 8, Hypothesis III) 

Multiple regression was used to explore relationships between BMI z-scores and clinical and 

genetic characteristics of boys with DMD. Clinical characteristics entered into the model 

included age at which BMI was measured, duration of GCS treatment, ambulatory status 

(yes/no), and lung function (FEV1%, taken as the last FEV1% measure for each subject). 
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Genetic variables were grouped as described in 1.2.6.6. Standard multiple regression was used 

and assumptions were seen to be met (Box 3) before full modelling proceeded.  

 

The relationship with BMI z-score overtime and genetic variables was also explored. 

Standard multiple regression was used to determine associations between BMI z-score at each 

age group (2-17 years) and type of DMD-G mutation and site of mutation separately. No other 

variables were entered into the regression model. 

 

Assumption Check  

Multicollinearity 

Strong relationships existing between 

independent variables entered in the model. 

Multicollinearity decreases the quality of 

the regression model.  

Correlations between dependent variables were 

reviewed to check that no strong relationships 

were evident. Collinearity diagnostics were also 

examined. Tolerance was accepted at > 0.1 and 

variance inflation factor (VIF) at < 10.   

Normality & Linearity 

Residuals should be normally distributed 

about and have a straight line relationship 

with predicted dependent variable scores. 

The normal probability plot was inspected to 

ascertain whether a reasonably straight line was 

evident.  

Homoscedasticity 

The variance of the residuals about 

predicted dependent variable scores should 

be the same for all predicted scores. 

The scatterplot of standardised residuals was 

inspected to ensure it was roughly distributed in 

a rectangular pattern.   

Outliers 

Regression is sensitive to extreme outliers. 

 

Outliers were identified using Mahalanobis 

distances above critical points, or in casewise 

diagnostics. If outliers were found the 

maximum Cook‟s distance was examined to 

determine whether the outlier would affect the 

data. Maximum Cook‟s distances < 1.0 were 

accepted.  

Box 3 Assumptions examined when performing multiple regression  

Summarised from Pallant (161) 
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2.3.6.8 Investigation of relationships between lung function clinical and genetic 

characteristics (Objective 9, Hypothesis IV) 

Multiple regression was used to explore the relationship between lung function (FEV1%) and 

clinical and genetic characteristics. Clinical characteristics entered into the model included 

age at which lung function was measured, duration of GCS treatment, ambulatory status 

(yes/no), and BMI z-score (taken as BMI closest to FEV1% measure for each subject). 

Genetic variables were grouped as described in 1.2.6.6. Standard multiple regression with 

checking of assumptions was undertaken (Box 3).  
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2.4 Results 

2.4.1 Subjects 

The chart audit occurred between August and November, 2009. A total of 193 medical 

records were examined with 144 (75%) subject records included in the analysis. The primary 

reason for record exclusion in Victoria or Queensland is detailed in Table 2-1.  The birth dates 

of excluded participants fell between 29/12/1975 and 13/07/2009. Of the included medical 

records, 80 (56%) were from the clinic in Victoria while 64 (44%) were from the clinic in 

Queensland. This represents 92% and 60% of these clinic populations, respectively. Birth 

dates for included participants fell between 02/06/1987 and 25/07/2005. Fourteen sets of two 

brothers were in the included group (Appendix 6); no sets of three brothers were identified. 

One boy was documented as deceased (DOB: 29/06/1991). 

 

Table 2-1 Reason for exclusion of subjects’ medical records in Victoria and Queensland 

 n (% of all records excluded) 

Reason for exclusion Victoria
 

Queensland Total 

Subject did not have DMD 0 (0.0) 3 (7.1) 3 (6.1) 

No anthropometric data recorded 2 (28.6) 36 (85.7) 38 (77.6) 

Genetic report not located  4 (57.1) 3 (7.1) 7 (14.3) 

Other 1 (14.3) 0 (0.0) 1 (2.0) 

Total of medical records excluded 7 (100.0) 42 (100.0) 49 (100.0) 

  

 

2.4.2  Description and comparison of physical and clinical characteristics between 

Victorian and Queensland cohorts 

The cross-sectional analysis was completed using the most up-to-date measure documented in 

the medical chart for each variable. Date at which measures were documented fell between 

10/07/1997 and 18/11/09. Table 2-2, Table 2-3, and Table 2-4 provide a summary of clinical, 
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and anthropometric and other physical characteristics, respectively for the combined cohort, 

with comparisons made between the Victorian and Queensland cohorts. Information on GCS 

use is summarised separately in Table 2-5. 

 

The Victorian and Queensland cohorts were very similar in most physical and clinical 

characteristics. Significant differences were observed between the cohorts in weight z-score 

(median (IQR): VIC 0.21 (-0.66, 1.15) vs QLD 1.22 (-0.08, 1.70), p=0.004); and consequently 

in BMI z-score (VIC 1.21 (0.19, 1.87) vs QLD 1.61 (0.93, 2.22), p=0.025). Also, boys 

attending the neuromuscular clinic in Brisbane commenced GCS therapy over a year earlier 

than boys in Melbourne; although the later received a higher dose of GCS both in absolute 

amount and as mg/kg/day (Table 2-5).  

 

Approximately half of the combined cohort was wheelchair bound at the time of the chart 

review; age at LOA was documented in 69 of 73 (95%) of non-ambulatory patients. 

Figure 2-2 displays the proportion of non-ambulatory boys who lost the ability to walk at each 

age group. More than 50% of the cohort became wheelchair bound between the ages of 9 – 11 

years. Extreme values were observed for many variables. The minimum values recorded for 

FEV1%, lumbar spine z-score, vitamin D, and height z-score were 9%, -3.9, 16nmol/L, and -

4.0 respectively. The maximum BMI z-score recorded was 3.4.  
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Table 2-2 Summary and comparison of clinical characteristics between the Victorian and Queensland cohorts 

 All Victoria QLD p (VIC vs QLD)  

Age at review of record     

Observations (n) 144 80 64  

Age at review of record (years) 11.9 ± 4.0 12.0 ± 4.5 11.8 ± 3.4 0.694 

Diagnosis     

Observations (n) 140 78 62  

Age at diagnosis (years) 4.4 ± 2.3 4.42 ± 2.00 4.3 ± 2.7 0.731 

Ambulatory Status     

n (%) wheelchair bound 73 (50.7%) 38 (47.5%) 35 (54.7%) 0.391 

Age at loss of ambulation     

Observations (n) 69 36 33  

Age at loss of ambulation (years) 9.9 ± 1.9 9.8 ± 1.9 10.0 ± 2.0 0.644 

Data are presented as the mean ± SD, or as number (proportion as a percentage); comparisons were made using Student‟s t test or chi squared, 

respectively.   
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Table 2-3 Summary and comparison of anthropometric characteristics between the Victorian and Queensland cohorts 

 All Victoria QLD p (VIC vs QLD)  

Weight     

Observations (n) 144 80 64  

Age at assessment (years) 10.7 (8.4, 13.9) 10.8 (8.0, 14.9) 10.6 (8.5, 12.7) 0.395
 

Weight (kg) 38.7 (28.1, 55.0) 36.0 (25.1, 55.0) 41.8 (30.0, 53.0) 0.257 

Weight z-score 0.59 (-0.39, 1.55) 0.21 (-0.66, 1.15) 1.22 (-0.08, 1.70) 0.004 

Height     

Observations (n) 139 78 61  

Age at assessment (years) 10.7 (8.5, 13.9) 10.8 (8.0, 14.8) 10.7 (8.5, 12.7) 0.392 

Height (cm) 133.0 (122.6, 152.0) 133.5 (120.6, 152.8) 133.0 (125.3, 152.0) 0.763 

Height z-score -1.07 (-2.08, 0.02) -1.3 (-2.15, -0.35) -0.80 (-2.08, 0.47) 0.082 

BMI     

Observations (n) 139 78 61  

Age at assessment (years) 10.7 (8.5, 13.9) 10.8 (8.0, 14.8) 10.7 (8.5, 12.7) 0.390 

BMI (kg/m
2
) 21.0 (17.6, 25.6) 20.3 (17.2, 24.7) 21.7 (18.4, 27.3) 0.094 

BMI z-score 1.35 (0.29, 2.03) 1.21 (0.19, 1.87) 1.61 (0.93, 2.22) 0.025 

Data are presented as the median (IQR); comparisons were made using the Mann-Whitney U-test
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Table 2-4 Summary and comparison of physical characteristics between the Victorian and Queensland cohorts 

 All Victoria QLD p (VIC vs QLD)  

FEV1     

Observations (n) 112 61 51  

Age at assessment (years) 11.1 (9.0, 14.3) 11.4 (9.0, 15.2) 10.9 (9.8, 12.8) 0.228
 

% FEV1  77 (55, 93) 86 (61, 93) 68 (52, 93) 0.149 

FVC     

Observations (n) 113 61 52  

Age at assessment (years) 11.1 (9.0, 14.2) 11.4 (9.1, 15.4) 10.8 (8.8, 12.8) 0.167 

% FVC  75 (51, 90) 81 (62, 90) 69 (48, 89) 0.284 

Bone Mineral Density     

Observations (n) 28 19 9  

Age at assessment (years) 9.26 ± 2.89 9.06 ± 3.06 9.68 ± 2.63 0.607 

Lumbar spine z-score  -1.4 ± 1.1 -1.5 ± 1.2 -1.0 ± 0.8 0.250 

Serum 25 hydroxyvitamin D      

Observations (n) 33 32 1 - 

Age at assessment (years) 10.24 ± 3.81 10.25 ± 3.87 10.01 - 

nmol/L  50 ± 18 50 ± 19 54.0 - 

Data are presented as the median (IQR) or mean ± SD; comparisons were made using the Mann-Whitney U-test or Students t test, respectively. 
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Table 2-5 Summary and comparison of GCS use between the Victorian and Queensland cohorts 

 All Victoria QLD p (VIC vs QLD)  

GCS Use     

n (%) ever used GCS 103 (71.5%) 58 (72.5%) 45 (70.3%) 0.773
a
 

GCS Duration     

Observations (n) 96 56 40  

Age at commencement (years) 6.9 (5.5, 8.0) 7.4 (6.2, 8.4) 6.1 (5.0, 7.5) 0.004 

Duration GCS therapy (years) 2.4 (1.3, 3.9) 2.4 (1.0, 3.8) 2.7 (1.9, 4.7) 0.181 

Prednisolone     

n (%) treated with Prednisolone 93 (90.3%) 51 (87.9%) 42 (93.3%) 0.358 

Age at last recorded dose (years) 9.99 ± 2.44 10.35 ± 2.49 9.56 ± 2.33 0.119 

Last recorded dose (mg/day) 17.5 (15, 21.4) 
a
 20.0 (17.5, 22.5) 15.0 (12.5, 18.8) 

b
 0.002

 

Last recorded dose (mg/kg/day) 0.48 ± 0.17 
c
 0.53 ± 0.16 

d
 0.44 ± 0.16 

e
 0.019 

Deflazacort     

n (%) treated with Deflazacort 10 (9.7%) 7 (12.1%) 3 (6.7%) 0.507 

Age at last recorded dose (years) 8.81 ± 1.93 9.02 ± 2.32 8.32 ± 0.42 0.631 

Last recorded dose (mg/day) 27.0 (24.0, 30.8) 27.0 (24.0, 33.0) 30.0 (24.0, 30.0) 0.833 

Last recorded dose (mg/kg/day) 0.83 ± 0.12 
f
 0.85 ± 0.1 

g
 0.80 ± 0.17 0.668 

a 
n=92; 

b
 n=41; 

c
 n=78; 

d
 n=38; 

e
 n=40; 

f 
n=8; 

g
 n=5. GCS glucocorticosteroids. Data are presented as number (proportion as a percentage), median (IQR), or 

mean ± SD; comparisons were made using chi squared test, Mann-Whitney U-test or Student‟s t test, respectively. 
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Figure 2-2 Proportion of non-ambulatory DMD patients who lost ambulation at each 

year of age  

 

2.4.3 Types of mutations  

The proportion of each type of mutation associated with DMD in the cohorts studied is 

detailed in Figure 2-3.  Deletions were the most common mutation type, accounting for 60% 

of all mutations across combined cohorts. The difference in the proportion of deletions 

observed in Victoria and Queensland (65% vs 55%, respectively) was not of statistical 

significance (p=0.209). Across combined cohorts, duplications, nonsense and unknown 

mutations were equally reported at approximately 10% of all mutations. Differences in the 

proportion of duplications found in Victoria as compared to Queensland approached statistical 

significance (5.0% vs 15.6% respectively; χ
2
=3.44, p=0.064).  The proportion of nonsense and 

unknown mutations was similar in both cohorts (10%). Remaining mutation types accounted 

for approximately 10% of mutations across the combined cohorts. Point mutations were not 

further categorised in the genetic reports.  
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Figure 2-3 Proportion of documented mutation types in boys with DMD living in 

Victoria and Queensland  

The mutation described as „other‟ was a duplication with a premature stop codon.  

 

2.4.4 Location of affected exons  

The frequency of affected exons across the cohort is described in Figure 2-4, whilst 

Figure 2-5 and Figure 2-6 illustrate the frequency of affected exons across the different 

mutations and in each state, respectively. A clear „hot spot‟ is identifiable between exon 47 

and exon 52 and to a lesser degree between exon 12 and exon 15 of DMD-G. No mutations 

were documented after exon 65. Visually, deletions appear more common after exon 26 while 

duplications are more common between exon 1 and exon 24 (Figure 2-5). Similarly, the 

proportion of affected exons between exon 1 and exon 30 appears higher in Queensland 

(Figure 2-6). The number of observations per affected exon was too small to test these 

differences statistically.  
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Figure 2-4 Frequency of affected exons in the dystrophin gene expressed per exon size in base pairs in boys with DMD living in Victoria and 

Queensland  
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Figure 2-5 Frequency of affected exons in the dystrophin gene expressed per exon size in base pairs and split by mutation type in boys with 

DMD living in Victoria and Queensland  
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Figure 2-6 Frequency of affected exons in the dystrophin gene expressed per exon size in base pairs and split by cohort location (Victoria and 

Queensland)   
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2.4.5 Description of changes in BMI over time  

Longitudinal data for change in BMI z- score is presented in Figure 2-7. A variable number of 

observations were made for each age group (n=7 at age 2 and 17 years; n=56 at age 7 years). 

BMI z-scores hold steady at approximately 1 SD above the mean until 12 years of age after 

which there is a marked and progressive decline. Despite the visual decline observed, this 

trend was not statistically significant (Freidman Test, p=0.671). The visual decline in BMI z-

score with age is also evident in Figure 2-8. The proportion of patients with BMI < 5
th

 

percentile steadily increases with age, whilst there is a concomitant, but less obvious, decline 

in the proportion of patients with BMI > 85
th

 percentile. 

 

 

Figure 2-7 Mean BMI z-score by year of age in boys with DMD in combined cohorts 

living in Queensland and Victoria  

Solid bars represent the mean BMI z-score for each age group while the number above each 

bar represents the number of observations. The thin vertical lines represent the standard error 

of the mean.  

-3.00

-2.50

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00

M
ea

n
 B

M
I 

Z
 s

co
re

 

Year of Age 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

7 18 28 39 54 56 53 55 48 43 30 30 25 22 15 7 



73 

 

 

Figure 2-8 Classification of BMI percentiles by year of age and BMI status in boys with 

DMD living in Queensland and Victoria 

Each coloured bar represents a yearly age increment from age 3 years to age 16 years 

progressing from left to right. Refer to Box 2 for classification of BMI measures.  

 

2.4.6 Description of changes height over time  

Longitudinal data for change in height is represented in Figure 2-9. Again, there were a 

variable number of observations for each age group. Between the ages of 2 and 13 years, 

height z-scores fluctuate between -0.5 and -1.0 standard deviations below the mean. From 

ages 14 to 17 years there is a marked decline in height z-scores representing a slowing in 

height growth.  

 

 

.0

10.0

20.0

30.0

40.0

50.0

60.0

 Underweight                   

(≤ 5th) 

Appropriate weight

(5th-85th)

Overweight

(85th-95th)
Obese                              

(≥ 95th) 

P
er

ce
n

ta
g
e 

o
f 

B
M

I 
m

ea
su

re
s 

(%
) 

BMI percentiles 



74 

 

 

Figure 2-9 Mean height z-score by year of age  

Solid bars represent the mean height z-score for each age group while the number below each 

bar represents the number of observations. The thin vertical lines represent the standard error 

of the mean.  

 

2.4.7 Exploring the relationship between age at LOA and clinical and genetic factors 

Standard multiple regression was used to explore relationships between age at LOA and 

clinical and genetic factors (Table 2-6). Clinical characteristics (age at chart audit, duration of 

GCS treatment and BMI z-score at closest to age of LOA) were entered into the model in two 

steps (Model A and B) before genetic factors were considered (Model C). The variance 

explained by each model was significant.  

 

Age at audit and duration of GCS explained 33.1% of variation in age at LOA. When the BMI 

z-score closest to age at LOA was entered into the model, there was little change in the 

variance explained (32.3%) suggesting that BMI did not influence age at LOA. In the final 
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increasing the variance explained to 46.3%. It proved important in this model to control for 

variability resulting from age at chart audit (explains 19.5% of variance) as well as for the 

duration of GCS therapy (9.2% of variance). With these variables entered, the effect of 

mutation type becomes evident, explaining 13% of the variance. The age at LOA was 

significantly lower in boys with a deletion compared to boys with duplications, point 

mutations and unknown mutations (9.30 ± 1.60 vs 10.97 ± 2.03 years, respectively, p < 

0.0005). 

 

Table 2-6 Summary of multiple linear regression models exploring the relationships 

between age at loss of ambulation and clinical and genetic variables 

Independent variable 
Dependent variable: Age at Loss of Ambulation 

(n=64) 

 B P 
Variation  

Explained (%) 
95% CI 

Model A
a
     

Age at audit (years) 0.458 0.000 20.7 0.143, 0.383 

Duration of GCS treatment (years) 0.337 0.002 11.4 0.114, 0.489 

Model B
b
     

Age at audit (years) 0.475 0.000 21.5 0.138, 0.365 

Duration of GCS treatment (years) 0.351 0.002 11.7 0.113, 0.468 

BMI z-score at LOA -0.001 0.992 0 -0.172, 0.170 

Model C
c
      

Age at audit (years) 0.442 0.000 19.5 0.144, 0.362 

Duration of GCS treatment (years) 0.305 0.002 9.2 0.103, 0.443 

Mutation type (deletion versus other)  0.364 0.000 13.1 0.693, 2.212 

a 
explains 33.1% of variance; 

b
 explains 32.3% of variance; 

c
 explains 46.3% of variance.  

LOA: loss of ambulation, GCS: glucocorticosteroids, BMI: body mass index, CI: confidence 

interval  
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There were a reduced number of observations for which to explore the relationship between 

age at LOA and location of the affected exons. Unknown mutations (classed as „other‟ above) 

were excluded from this regression because the affected region had not been identified. In this 

multiple regression analysis with reduced numbers (n=50), location of the mutation was 

entered into the model with age at audit, duration of GCS treatment, BMI z-score closest to 

age at LOA, and mutation type. The model was significant (p<0.0005) explaining 49.8% of 

the variance in age at LOA. Location of the mutation had little influence on the model (0.1%); 

the significant independent variables remained age at audit, duration of GCS treatment and 

mutation type.  

 

To explore predictive factors for age at LOA < 10 years, logistic regression was used. 

Univariable analyses were first conducted in which possible predictive factors were explored 

(Table 2-7). Significant predictors included duration of GCS treatment, mutation type, and 

BMI z-score at age 6.00-7.99 years ≥ 85th percentile. Because of the low number of 

observations available for BMI, only duration of GCS and mutation type were entered in the 

multivariable analysis.  

 

The results from the multivariable analysis predicting LOA < 10 years are summarised in 

Table 2-8. The model explained between 23.3% (Cox and Snell R squared) and 31.2% 

(Nagelkerke R squared) of the variance in age of LOA. Both duration of GCS treatment and 

mutation type remained significant independent predictors of LOA at < 10 years. Mutation 

type was the strongest predictor of LOA; boys with deletions in the dystrophin gene are six 

times more likely to lose ambulation before age 10 compared to boys with duplications, point 

and unknown mutations. Shorter duration of GCS is also a predictor of early LOA; for every 

year of GCS treatment, boys with DMD are 0.65 times less likely to lose ambulation before 

the age of 10 years.   
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Table 2-7 Univariable logistic analysis predicting age at loss of ambulation below 10 

years of age in boys with DMD 

 Dependent variable: LOA < 10 years (Y/N) 

Independent variable n B p
b
 

Odds 

Ratio 
95% CI  

Duration GCS treatment 64 -0.372 0.014 0.690 0.513, 0.928 

Mutation type (deletion or other) 69 1.604 0.003 4.971 1.701, 14.533 

Location of mutation 56 -0.357 0.517 0.700 0.238, 2.060 

BMI z-score age 6-7.99 22 0.870 0.097 2.386 0.854, 6.664 

BMI z-score age 6-7.99 ≥ 85th %-ile 22 1.897 0.050 6.667 1.004, 44.284 

BMI z-score age 6-7.99 ≥ 95th %-ile 22 0.223 0.806 1.250 0.211, 7.414 

BMI z-score age 8-9.99 34 0.218 0.429 1.243 0.725, 2.132 

BMI z-score age 8-9.99 ≥ 85th %-ile 34 1.269 0.122 3.556 0.712, 17.763 

BMI z-score age 8-9.99 ≥ 95th %-ile 34 0.724 0.303 2.062 0.520, 8.175 

p for independent variable, LOA: loss of ambulation, GCS: glucocorticosteroids, BMI: body 

mass index, CI: confidence interval 

 

Table 2-8 Multivariable logistic analysis predicting age at loss of ambulation below 10 

years of age in boys with DMD 

 Dependent variable: Age at LOA < 10 years (n=64) 

χ
2
 17.014 

P <0.0005 

Cox & Snell R Square 0.233 

Nagelkerke R Square 0.312 

Independent variables B P Odds Ratio 95% CI  

Duration GCS treatment -0.428 0.017 0.652 0.460, 0.925 

Mutation type (deletion or other) 1.819 0.004 6.165 1.780, 21.356 

LOA: loss of ambulation, GCS: glucocorticosteroids, CI: confidence interval 
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In summary, this analysis demonstrates that a deletion mutation in the DMD-G may 

negatively impact on functional ability, resulting in earlier loss of independent ambulation. 

Neither the mutation site, nor BMI had influence on LOA. Conversely, a longer duration of 

GCS treatment may prolong independent walking.
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2.4.8 Exploring the relationship between BMI z-score and clinical and genetic factors 

Standard multiple linear regression was used to explore relationships between BMI z-score 

and clinical and genetic factors (Table 2-9). Clinical characteristics (age, duration of GCS 

treatment, ambulatory status and FEV1%) were entered into the model in two steps (Model A 

and B) before genetic factors were considered (Model C). The variance explained by each 

model was significant.  

 

Age and duration of GCS explained 22.2% of variation in BMI z-score. When ambulatory 

status and lung function were added to the model, the variance in BMI z-score explained 

increased to 31.3%. Genetic characteristics had very little effect. The strongest other 

relationship seen was between BMI and age explaining 8.6% of variation. This was an inverse 

relationship whereby as age increases, BMI decreases. Lung function, ambulatory status and 

duration of GCS treatment were also significantly related to BMI z-score. While the 

relationship between BMI z-score and ambulatory status was evident in this multivariate 

regression model, difference in BMI z-score was not evident when boys who were ambulatory 

were directly compared to males who could no longer walk (BMI z-score: 1.19 ± 1.12 vs 0.50 

± 2.68, respectively, p=0.700). The relationship between BMI z-scores over time and genetic 

variables was also explored (data not shown). No relationship could be found between BMI z-

score at any given age and mutation type or mutation location.  

 

In summary, the BMI of boys with DMD is influenced by age, duration of GCS treatment, 

lung function and ambulatory status. A higher BMI is associated with younger age, longer 

duration of GCS treatment, and higher lung function; a lower BMI is associated with older 

age, shorter duration of GCS and lower lung function. BMI appeared unrelated to genetic 

variables.  
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Table 2-9 Summary of multiple regression models exploring the relationships between 

BMI z-score and clinical and genetic variables 

Independent variable Dependent variable: BMI z-score (n=94) 

 B P 
Variation  

explained (%) 
95% CI 

Model A
a
     

Age (years) -0.368 0.000 13.5 -0.267, -0.089 

Duration of GCS treatment (years) 0.317 0.001 10.0 0.103, 0.386 

Model B
b
     

Age (years) -0.397 0.001 9.0 -0.305, -0.081 

Duration of GCS treatment (years) 0.223 0.030 3.8 0.017, 0.326 

Ambulatory status (Y/N) 0.322 0.011 5.2 0.247, 1.819 

FEV1(%) 0.367 0.003 7.2 0.008, 0.038 

Model C
c 

    

Age (years) -0.391 0.001 8.6 -0.303, -0.076 

Duration of GCS treatment (years) 0.221 0.034 3.7 0.014, 0.327 

Ambulatory status (Y/N) 0.325 0.011 5.3 0.245, 1.844 

FEV1(%) 0.375 0.003 7.4 0.008, 0.039 

Mutation type (deletion or other) -0.007 0.942 0.0 -0.677, 0.629 

Location of mutation -0.051 0.587 0.2 -0.761, 0.433 

a
 explains 22.2% of variance; 

b
 explains 31.3% of variance; 

c
 explains 31.6% of variance.  

BMI: body mass index, GCS: glucocorticosteroids, FEV1(%): forced expiratory volume as 

percentage of predicted, Y/N: yes/no.CI: confidence interval. 
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2.4.9 Exploring the relationship between lung function and clinical and genetic factors 

Standard multiple linear regression was used to explore relationships between lung function 

(FEV1%) and clinical and genetic factors (Table 2-10). Clinical characteristics (age, duration 

of GCS treatment, ambulatory status and BMI z-score at lung function) were entered into the 

model in two steps (Model A and B) before genetic factors were considered (Model C). The 

variance explained by each model was significant.  

 

Age and duration of GCS explained 44.8% of variation in FEV1%. When ambulatory status 

and BMI z-score were added to the model, more than half (53.3%) of the variance in FEV1% 

was explained. Again, genetic characteristics had very little effect on FEV1% in the total 

model or as independent variables. All other independent variables were significantly related 

to FEV1%. The strongest relationship was between lung function and ambulatory status, 

explaining 6.6% of the variance. FEV1% was significantly lower in non-ambulatory than in 

ambulatory boys (60 ± 25% vs 92 ± 14% respectively, p<0.0005). An inverse relationship 

was evident between lung function and age, and a directly proportional relationship with BMI 

z-score and duration of GCS treatment.  

 

In summary, in this cohort lung function did not relate to genetic variables. Rather it 

associated with age, duration of GCS treatment, ambulatory status and BMI z-score. An older 

age and non-ambulatory status are associated with decreased lung function; whereas a longer 

duration of GCS and higher BMI are associated with increased lung function. 
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Table 2-10 Summary of multiple regression models exploring the relationships between 

forced expiratory volume in 1 sec as a per cent of predicted and clinical and genetic 

variables 

Independent variables Dependent variable: FEV1% (n=87) 

 B P 
Variation  

explained (%) 
95% CI 

Model A
a
     

Age (years) -0.531 0.000 28.2 -5.350, -2.857 

Duration of GCS treatment (years) 0.403 0.000 16.2 2.996, 6.994 

Model B
b
     

Age (years) -0.257 0.016 3.5 -3.589, -0.386 

Duration of GCS treatment (years) 0.274 0.001 6.3 1.355, 5.443 

Ambulatory status (Y/N) -0.340 0.001 6.4 -27.711, -7.053 

BMI z-score at lung function 0.208 0.015 3.5 0.681, 6.213 

Model C
c 

    

Age (years) -0.262 0.015 3.5 -0.365, -0.405 

Duration of GCS treatment (years) 0.268 0.002 5.9 1.261, 5.389 

Ambulatory status (Y/N) -0.350 0.001 6.6 -28.331, -7.388 

BMI z-score at lung function 0.214 0.013 3.7 0.758, 6.327 

Mutation type (deletion or other) -0.011 0.892 0.0 -9.520, 8.296 

Location of mutation 0.084 0.291 0.7 -3.774, 12.424 

a 
explains 44.8% of variance; 

b
 explains 53.3% of variance; 

c
 explains 54.1% of variance. 

BMI: body mass index, GCS: glucocorticosteroids, FEV1(%): forced expiratory volume as 

percentage of predicted, Y/N: yes/no.CI: confidence interval. 
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2.5 Discussion 

This analysis is unique. Here, for the first time, the genetic profile of boys with DMD in two 

Australian states has been documented and a relationship between genotype and function 

elucidated; boys with a deletion in DMD-G are more likely to stop walking before age 10. 

Whilst the relationship between growth and walking ability remains unclear, a higher BMI 

may be protective against a decline in lung function. The study also provides evidence for 

commencing GCS earlier, as a longer duration of GCS treatment is associated with walking 

past age 10 years, and increased lung function and BMI.  

 

In accordance with the null hypothesis, the Victorian and Queensland cohorts were very 

similar across most physical, clinical and genetic factors, with the exception of weight, BMI 

z-score and commencement and dose of GCS therapy. Boys from Queensland with DMD 

were heavier and consequently had a higher BMI than those from Victoria. Differences in 

GCS commencement and dose may explain these observed differences in weight. Regression 

analysis (Section 2.4.8) demonstrates that longer duration of GCS treatment is associated with 

higher BMI. Boys in Queensland commenced GCS therapy over a year earlier than boys in 

Victoria. Although the duration of GCS use between the two cohorts was not statistically 

different, the IQR was higher in the Queensland group (1.9-4.7 years vs VIC 1.0-3.8 years) 

suggesting that boys in Queensland may indeed receive GCS therapy for longer. Observed 

differences in body weight could also relate to the absence of a dietitian in the Queensland 

clinic, suggesting more limited availability of nutritional therapy. These data might therefore 

be useful in the development of a business case to support the addition of dietetic staff to the 

Queensland clinic. 

 

The cohort in Victoria received significantly higher doses of prednisone in both absolute and 

relative terms (mg/kg/day) compared to the Queensland cohort. This did not impact on 
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function as both groups lost ambulation at a similar age. Notably, both groups received much 

less GCS (mean dose 0.48 mg/kg/day) than the dose determined by meta-analysis to be the 

most effective for maintenance of muscle strength and function (0.75mg/kg/day) (37). Lower 

doses of GCS were perhaps given in order to manage weight gain. Use of deflazacort (mean 

dose: 0.83mg/kg/day) was closer to the recommended therapeutic dose (0.9mg/kg/day) (3). 

Across the combined cohort, a lack of monitoring for GCS induced osteoporosis was also 

evident.  

 

Current practice guidelines for the management of GCS induced osteoporosis recommend 

serial monitoring of bone mineral density and annual monitoring of serum vitamin D (162, 

163). In this cohort, only 20% of participants had a documented dual energy X-ray 

absorptiometry (DXA) scan for measurement of bone mineral density, or had assessment of 

serum 25-hydroxyvitamin D. These figures are disturbing given the highly deleterious effect 

of GCS therapy on bone strength; GCS induced osteoporosis contributes to fractures in as 

many as 30–50% of adults prescribed GCS, even when they receive 2.5- to 7.5-mg prednisone 

equivalents per day (164, 165). Improved protocols need to be implemented to ensure 

systematic monitoring for bone complications in boys with DMD who receive GCS therapy.  

 

There is very little literature regarding current GCS use in DMD. Matthews et al. reported that 

only 51% of an American cohort of boys with DMD and BMD received GCS treatment (48), 

substantially less than in the present cohort (71.5%). These American boys with DMD 

received more prednisone (0.729mg/kg/day) than our Australian cohort but were given a 

similar dose of deflazacort (0.83mg/kg/day).  

 

The genetic profile between the two cohorts was also very similar. In the combined cohort, 

deletions were the most common mutation, accounting for 60% of all mutations, followed by 
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duplications and point mutations equally reported at approximately 10%. The mutation profile 

documented here, specifically deletions and duplications, is very similar to other mutation 

profiles in DMD reported in the literature from a number of different countries and cultural 

backgrounds (Table 2-11). The proportion of point mutations seen in this group appears to be 

lower. With advances in DMD-G sequencing, the unknown mutations (10%) in this group 

would likely now be identified as point mutations, increasing the proportions of these to 

similar levels observed internationally. Similarly, the hot spot regions observed in this cohort 

(exons 12-15 and exons 47-52) are located within hot spot regions previously documented 

(exons 2-20 and exons 45-55) (160). This suggests that geographical differences have little 

influence on mutations affecting the DMD-G, a conclusion also supported by the lack of 

difference seen in the mutation profile between boys from Victoria and Queensland.  

 

Table 2-11 Prevalence of mutation profiles in DMD cohorts as previously reported  

Study Country Deletions Duplications 
Point 

Mutations 

This study Australia 60% 10% 10% 

Todorova et al. (2008) (166) Bulgaria 63% 22% 11% 

Liechti-Gallati et al. (1989) (167) Switzerland 66% NR NR 

Brabec et al. (2009) (168) 

Czech 

Republic & 

Slovakia 

58.8% 9.8% 16.7% 

Takeshima et al. (2010) (169) Japan 60% 8% 32% 

Tuffery-Giraud et al. (2009) (160) France 61% 13% 26% 

Basak et al. (2009) (170) India 62% NR NR 

Swaminathan et al. (2011) (171) India 73% NR NR 

Cunniff et al. (2009) (172) USA 78.3% 11.3% 10.4% 

NR not reported; USA United States of America.  
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This is the first study to report standard weight and BMI z-scores in GCS treated boys with 

DMD, and thus no comparison to other literature can be made. While comparisons of the 

proportion of under- and overweight boys presenting at different ages is possible, this is 

limited by the different classifications used and the absence of GCS treatment in other 

cohorts. In the present cohort the highest proportion of obese boys (47.9% based on BMI) was 

seen at age 10 years. This is similar to the findings of McDonald et al. and Willig et al. who 

reported that 44% and 54% of boys, respectively, aged 9-13 years had a body weight above 

the 90
th

 percentile (80, 81). Use of the weight-for-age ratio rather than BMI has resulted in a 

higher proportion of boys being classified as obese around this same time (73%) (83). On the 

other hand, the proportion of boys found to be underweight during the more advanced stages 

of DMD was similar in the study by Martigne et al. based on weight-for-age ratio and in this 

present study (based on BMI)  (34% at age 18 years vs 26.7% at age 16 years, respectively) 

(83). Other studies defining underweight as weight below the 10
th

 percentile reported much 

higher proportions: 65% at age 17 years, and 54% at age 18 years, respectively (80, 81). The 

need for standard classification systems for defining overweight and underweight across all 

studies is obvious, and would allow for the prognostic implications of over- and under 

nutrition to be better explored.  

 

Between the ages of 2 and 13 years, height z-scores in boys with DMD varied between -0.33 

and -0.97 SD below the mean at 3 and 9 years, respectively (Figure 2-9). This reduced stature 

is consistent with that reported in steroid-naïve cohorts of similar age (eg: height z-scores: -

1.0 and -0.936 (79, 80)). Whilst the aetiology of short stature in the absence of GCS treatment 

is unclear, it has been argued that it may provide some functional benefit due to the 

„favourable mechanics‟ associated with a smaller size (35, 79). There is limited evidence 

suggesting short stature may be associated with increased strength and improved clinical 

outcomes (81, 173). In the present cohort, mean height z-scores decreased to less than -1.0 SD 
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below the mean between the ages of 14-17 years, at a time when boys should be reaching 

their adolescent growth spurt. This slowed growth may be indicate growth failure secondary 

to chronic GCS use, or it may reflect inaccurate estimation of body height due to the presence 

of severe scoliosis and/or contractures in non-ambulatory boys. Decreased decline in 

nutritional status could also be a contributing factor. 

 

This analysis demonstrated that a deletion mutation in the DMD-G may negatively impact on 

functional ability, resulting in earlier loss of independent ambulation. In the present cohort, 

boys with deletions in the dystrophin gene were six times more likely to lose ambulation 

before 10 years of age compared to boys with duplications, point and unknown mutations. 

This is a novel finding, warranting further exploration within a larger cohort. 

 

Deletions and duplications resulting in rearrangement of chromosomal sequence are thought 

to result in severe disease. This is because deletions or duplications, in many cases, can 

involve more than one gene (174). Or in this instance, because of the sheer size of the 

dystrophin gene, deletions and duplications can remove a great deal of the reading frame. Due 

to the size of our cohort, there was insufficient power to investigate duplications as a separate 

mutational entity. However, diseases caused by deletions are thought to more severe than 

those caused by duplications (174). Other genetic disorders characterised by deletions 

specifically include cri du chat Syndrome and Prader-Willi Syndrome. Within the 

neuromuscular disorders, a relationship between mutation class and phenotype has previously 

been observed.  

 

Charcot-Marie-Tooth is a neuropathy that causes the slow degeneration of nerves in the 

extremities. It is caused by mutations in the gene coding for the Connexin32 protein (Cx32). 

Missense mutations in specific regions of the gene are associated with a milder clinical 
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phenotype; whereas deletion mutations in any location of the Connexin32 protein cause 

severe forms of the disease and onset in the first decade of life (175). In this example, the 

location of the missense mutations was associated with disease severity, yet in the present 

cohort, there was no relationship between location of mutation and disease severity. Similar 

results were observed by Desguerre et al. in their examination of relationships between 

phenotypes and sub-phenotypes; there was no correlation between age at LOA and site of 

mutation (156). In such a large gene, the potential to identify regions associated with function 

will be limited by the relatively small cohorts.  

 

Based on the number of observations, the present cohort could only be split into two groups 

(mutations in exon 1-44 versus mutations in exon 45-79), although each group did incorporate 

known proximal (exon 2-20) or distal (exon 45-55) hotspots (160). A similar division was 

previously used to explore the relationship between mutation location and cognitive function, 

with the finding that distal mutations were associated with greater cognitive impairment 

perhaps because these distal mutations disrupt the production of dystrophin isoforms that are 

found primarily in the brain (152-154). The promoter regions for specific isoforms may 

therefore be a logical starting point to investigate genotype-phenotype relationships. Also, 

different mutational classes may be of importance in different regions of the dystrophin gene. 

Larger cohorts would be needed to explore whether deletions in specific locations are 

associated with more or less severe phenotypes.  

 

This study only examined genetic factors relating to the DMD-G locus. Other genotypes may 

be involved in the observed heterogeneity in DMD. Recently, the osteopontin (SPP1) 

genotype was identified as a genetic modifier of disease severity in DMD; specifically 

mutations in the osteopontin gene promoter, causing low levels of osteopontin expression, 

were associated with shortened time to LOA and loss of muscle strength (147). Other possible 
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genetic modifiers may relate to the dystroglycan complex; a missense mutation in the gene 

encoding for the dystroglycan protein was identified in a women with limb-girdle muscular 

dystrophy (176).  

 

Similar genotype-phenotype relationships have been identified in persons with cystic fibrosis. 

Homozygous ΔF508 mutations are associated with more severe disease including early onset 

of symptoms before 6 months, increased pancreatic enzyme replacement therapy, poorer lung 

function, increased yearly incidence of chronic Pseudomonas aeruginosa infection and 

increased yearly mortality rates when compared to heterozygous ΔF508 mutations (177). 

Identification of this phenotype has allowed for more directed care to be given, especially in 

the provision of pancreatic enzyme replacement therapy. In the same vein, the results cited 

here suggest that boys with a deletion in the DMD-G would most likely benefit from 

commencing GCS at a younger age. 

 

The duration of GCS treatment was a significant predicator of age at LOA; for every year 

spent on GCS treatment, boys with DMD are 0.65 times less likely to lose ambulation before 

the age of 10 years. The optimal time to commence GCS treatment and the duration of 

treatment is still a matter of much debate (3). Whilst the negative effects of GCS treatment 

such as weight gain and decreased bone health need to be considered, early introduction of 

GCS may provide some functional benefits. Appropriate screening and prevention for weight 

gain and decline in bone health would need to be implemented. 

 

Unexpectedly, BMI had little influence on age at LOA in the standard regression model. 

Whilst it is suspected that excess weight increases the burden on already weak muscles, there 

is little evidence to demonstrate that excess weight decreases walking ability in boys with 

DMD. Increased weight may in fact promote muscle strength. This is a contentious issue. 
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Absolute quadriceps strength has been demonstrated to be increased in obese males compared 

to normal weight males (178). Yet, in obese adolescent males, obesity has little or no effect 

on quadriceps muscle function (179). Functional measures may provide greater insight into 

the relationship between weight status and strength. In a larger study utilising data from the 

population-based Health 2000 Survey in Finland, long-term exposure to obesity was 

associated with poor hand grip strength later in life (180). Also, using the six minute walk 

test, an outcome of particular relevance to DMD, Hulens et al. demonstrated that obese 

women walked slower than normal weight women (181). Alternatively, there may be 

limitations with the use of BMI in this analysis.  

 

The BMI measure used in the analysis was taken at a time closest to the age at LOA. As this 

might vary around the actual time of LOA by several years, obtaining clear relationships 

appeared difficult using continuous data. In univariable logistic regression, BMI z-score at 

age 6.00-7.99 years >85
th

 percentile, was a significant predictor of age at LOA; those with a 

BMI ≥ 85
th

 percentile were 6.6 times more likely to stop walking before age 10. Due to small 

numbers in this analysis (n=22), BMI as a predictor of age at LOA was unable to be taken 

into the larger multivariable analysis. There are also limitations inherent with BMI as a 

measure because it does not provide an indication of body composition. The proportion of 

muscle mass may be increased in boys with a higher BMI. Although Hankard et al. found no 

difference in muscle mass between obese and non-obese boys with DMD; an increase in in 

the proportion of muscle was observed when boys gained weight during GCS treatment (38, 

71). The relationship between body composition, weight and function in boys with DMD 

needs further exploration.  
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The analyses in Sections 2.3.6.7 and 2.3.6.8 investigate the relationships between clinical and 

genetic variables. As hypothesised, there was no relationship between clinical characteristics 

and genetic factors. Yet, contrary to the null hypothesis, the clinical characteristics explored 

were interrelated. These analyses provide more information about advanced stages of DMD, 

highlighting factors associated with the decline. Importantly, age is still associated with 

decline in BMI and lung function, even in this heterogeneous population. In addition, an 

increased BMI and longer duration of GCS maybe beneficial in slowing the decline in 

FEV1%. Martigne et al. reported similar conclusions; mild obesity (weight-for-age ≥126.5% 

and ≤ 151%) should not be discouraged because it is associated with a protective effect 

against malnutrition in the advanced stages of DMD (83). Again, the beneficial effects of a 

higher BMI on FEV1% need to be considered against the detrimental effects of a higher BMI 

on walking ability. At present, there is insufficient evidence from this study and in the 

literature to support either argument.  

 

To this author‟s knowledge, Martigne et al. is the only other group to document similar 

relationships between clinical variables (83). In their cohort, weight status was not associated 

with LOA or age of spinal surgery; however, at maximal follow up (mean age 18.3 years) 

75% of subjects who did not require respiratory support were obese; compared to 30% of 

participants requiring respiratory support.  

 

Although there was no relationship between genetic factors and clinical characteristics, a 

relationship between genotype and age at LOA was determined, as was a relationship between 

ambulatory status (not walking) and BMI and FEV1%. LOA may therefore act as a modifier 

between genotype and clinical factors. For example, a boy with a deletion mutation, who 

stopped walking before the age of 10 years, may experience a decline in lung function before 

a boy, with a duplication or other mutation type, who continues to walk past the age of 10 
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years. A proposed model of these relationships is presented in Figure 2-10. As the duration of 

GCS treatment is associated with both walking function and clinical factors, this has also been 

incorporated into the proposed model.  

 

 

 

 

 

 

Figure 2-10 Proposed relationship between DMD-G mutation, ambulatory status and 

clinical characteristics.  

Ambulatory status acts as a modifier between dystrophin mutation and clinical characteristics.  

 

There are several limitations with this current study. Although interesting relationships were 

observed, as a retrospective case series, causation cannot be established. This study aimed to 

achieve a representative sample across both states. This was accomplished in Victoria (90%); 

however, only 60% representation was achieved in Queensland. There were many factors that 

contributed to this. Most significantly was the organisation of the Queensland clinic outside of 

Queensland Health, the major health body. Due to this, some boys in Queensland had several 

medical records, making documentation of care, including genetic information and 

anthropometric data, difficult to locate. Other limitations of this study include inaccuracies in 
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anthropometric data, especially height measures that may be influenced by contractures and 

scoliosis. Analyses of anthropometric data were also limited by reduced sample size. 

Anthropometric data was collected from occasions of clinical care; so for most subjects there 

was not a complete data set over time, that is, each boy included did not have a documented 

height and weight for each age group. Because of this, it was difficult to identify patterns of 

weight gain and relate these to genetic and clinical factors.  
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2.6 Future directions  

This analysis provides enticing data that warrants further exploration in a larger cohort. 

Ideally, this would be collected with a prospective study design that would follow boys 

longitudinally from diagnosis. Age of LOA could then be more reliably obtained, and 

anthropometric could be collected at standardised intervals allowing for predictors of weight 

status and weight change to be explored more rigorously. The relationship between change in 

other clinical factors, such as lung function, and genotype could be investigated further. 

Alternatively, existing data from the current international natural history study conducted by 

the Cooperative International Neuromuscular Research Group (CINRG) could be utilised. 

This latter option is at present, being investigated by the author. Analysis of this existing data 

could be used to provide further support for prospective study exploring the role of growth, 

function and genetics in sub-phenotypes within DMD. 
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3 Exploring vitamin D in boys with Duchenne 

muscular dystrophy 

 

This chapter relates to the published manuscript presented in Appendix 7: 

Davidson ZE, Walker KZ, Truby H. Do Glucocorticosteroids Alter Vitamin D Status? A 

Systematic Review with Meta-Analyses of Observational Studies. J Clin Endocrinol Metab. 

2012;97(3):738-44. 

 

This chapter relates to the published abstracts: 

Davidson ZE, Elliott SA, Sinclair K, Wallace G, Posselt H, Truby H. Oral Program: Vitamin 

D insufficiency in boys with Duchenne muscular dystrophy. Nutr Diet. 2009;66:A1-A24.  

 

Davidson ZE, Kornberg AJ, Ryan MM, Kimlin M, Truby H. Conference Abstracts Nutrition 

Society of Australia and Nutrition Society of New Zealand 2011: I: The relationship between 

serum vitamin D and sun exposure in boys with Duchenne muscular dystrophy treated with 

corticosteroids compared with their healthy siblings. Australas Med J. 2011;4(12):789-813.  

 

Davidson ZE, Walker KZ, Truby H. Conference Abstracts Nutrition Society of Australia and 

Nutrition Society of New Zealand 2011: IV: Serum 25 hydroxyvitamin D in patients treated 

with glucocorticosteroids: a systematic review with meta-analyses. Australas Med J. 

2011;4(12):739-88.  
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3.1 Introduction 

There has been little investigation into the micronutrient status and requirements of boys with 

DMD. Micronutrients of particular importance, particularly after the initiation of regular GCS 

therapy, are calcium and vitamin D. The functions of these are interconnected since a critical 

function of vitamin D is the regulation of calcium homeostasis by increasing calcium 

absorption from the intestine and calcium reabsorption from the kidneys. There is substantial 

evidence that boys with DMD have low bone mineral density and an increase in fracture risk 

when compared to healthy controls (66-70). As fractures will have a very significant effect on 

mobility (30-50% of boys sustaining a fracture in their lower limbs will never resume 

walking), it is essential to maintain optimal serum 25(OH)D levels in boys with DMD (69, 

70). Vitamin D also has a role in maintaining muscle strength and function (182), an 

additional reason why in myopathies such as DMD, which cause loss of muscle mass, the 

maintenance of optimal vitamin D levels is of particular importance.  

 

Although decreased levels of serum 25(OH)D have been previously reported in boys with 

DMD (66), the  pathophysiology of this phenomenon remains unclear. The main aim of this 

chapter is thus to determine possible explanations for decreased serum 25(OH)D 

concentrations in boys with DMD. Investigation 1 explores the role of sun exposure, whilst 

Investigation 2 examines the prolonged use of GCS therapy as a contributing factor.  

 

For the purpose of these investigations, vitamin D deficiency is defined as serum 25(OH)D < 

20 ng/ml (<50 nmol/L) (183). At 25(OH)D concentrations of 10-20 ng/ml (25-50 nmol/L), 

parathyroid hormone is distinctly elevated, intestinal calcium absorption is reduced and 

deleterious effects on bone mineralization become evident (184). Even when serum 25(OH)D 

falls below 24-30 ng/ml (60-75 nmol/L), muscle and immune function can be compromised 

(185).  The formation of the biologically active form of vitamin D requires two sequential 
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hydroxylation steps, one in the liver to produce calcidiol (25-hydroxyvitamin D (25(OH)D)) 

and the second in the kidney (under the influence of parathyroid hormone) to produce 

calcitriol (1,25-dihydroxy vitamin D3) (186). Calcidiol (25(OH)D) remains the best serum 

measure of vitamin D status and is the form in which oral doses are provided (183, 187). 

Conversion factors for measures of serum vitamin D concentrations and dietary intake or 

supplementation are provided in Box 4. 

 

Conversion Factors  

1 ng/ml  = 2.496 nmol/L 

1 µg  = 40 IU 

Box 4 Vitamin D conversion factors 
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3.2 Investigation 1 – sun exposure 

3.2.1 Background 

Vitamin D is unique nutritionally, in that dietary sources contribute little to body stores. 

Instead the primary source of vitamin D comes from production of cholecalciferol in the skin 

after exposure to ultraviolet B radiation from sunlight. Cholecalciferol is subsequently 

converted  to 25(OH)D in the liver (182). Despite an abundance of sunshine in Australia, 

suboptimal levels of Vitamin D have been reported in Australian adults (188). A recent 

national cross-sectional study determined 31% of Australian adults are deficient in vitamin D 

(182). This may have been compounded by the „sun safe‟ message to avoid sun exposure 

targeted at reducing the risk of melanoma; and this health behaviour has been extensively 

adopted by the Australian population. Children with disabilities or chronic illness are often 

assumed to have decreased vitamin D levels because of inadequate sun exposure. Here, 

vitamin D levels in ambulant boys with DMD are compared to their healthy siblings who 

inhabited the same home environment with the objective of determining if a decreased sun 

exposure explained reduced serum 25(OH)D levels in boys with DMD. 

 

3.2.2 Objectives 

1. To describe serum 25(OH)D concentration in boys with DMD compared to their 

healthy siblings. 

2. To describe the amount of sun exposure boys with DMD receive compared to their 

healthy siblings.  

3. To examine the relationship between sun exposure and 25(OH)D concentrations in 

boys with DMD and in their healthy siblings.  
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3.2.3 Hypotheses to be tested 

I. Boys with DMD will have significantly lower serum 25(OH)D concentrations than their 

healthy siblings.  

II. Boys with DMD will spend less time in the sun than their healthy siblings.  

III. There will be a directly proportionate relationship between sun exposure and serum 

25(OH)D concentrations in both boys with DMD and their healthy siblings.  

IV. The relationship between sun exposure and serum 25(OH)D concentrations will be of 

similar strength in both boys with DMD and their healthy siblings.  

 

3.2.4 Subjects  

Boys with DMD were recruited from the neuromuscular clinic at The Royal Children‟s 

Hospital, Melbourne, Australia. Diagnosis was defined by documentation of a deletion or 

duplication in the dystrophin gene, or absence of dystrophin on muscle biopsy, in conjunction 

with phenotypic evidence based on characteristic clinical symptoms or signs by nine years of 

age (ie, proximal muscle weakness, waddling gait, and Gower‟s‟ manoeuvre), an elevated 

serum creatine kinase, and ongoing difficulty with ambulation. Healthy siblings of 

participating boys were recruited as a comparator group thereby controlling for environmental 

factors such as latitude and weather patterns. Recruitment and assessments occurred during 

the month of September 2009. The study was approved by Human Research Ethics 

Committee at The Royal Children‟s Hospital (HREC# 29075B, Appendix 3), and informed 

consent was obtained from parents/guardians for boys with DMD (Appendix 8) and their 

health siblings (Appendix 9).  
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3.2.5 Methods 

Venous blood samples were collected from all children by a trained paediatric phlebotomist. 

Serum 25(OH)D was measured by Pathology Queensland with a Liaison Auto analyser 

(DiaSorin, Stillwater, MN) using a chemiluminescent technique which has a coefficient of 

variability < 10% (189). Information on nutritional supplement use was collected; but dietary 

intake was not examined as in Australia, where few foods are fortified with vitamin D, most 

foods provide negligible amounts of this vitamin. For each child separately, parents 

completed an adapted version of a sun exposure questionnaire, developed specifically for 

personal UV exposure assessment (190). The questionnaire was modified for boys with DMD 

and for sibling participants (Appendix 10). This questionnaire was provided for use by 

Professor Michael Kimlin, AusSun Research Laboratory, Queensland University of 

Technology, Brisbane. Although the tool was not validated in Australia, the group has used 

this questionnaire in several Australian cohorts (190-192). The questionnaire uses time spent 

outdoors as a proxy for sun exposure. Parents were asked to identify the amount of time their 

child spends outdoors during each hour between 5am and 7pm. For each hour slot, parents 

could choose never; <15 minutes, 15-30 minutes, 30-45 minutes, 45-60 minutes. This was 

completed for a typical Monday-Sunday period for the previous month.  

  

3.2.6 Statistical analysis 

Total minutes per day spent outside was calculated by summation of the minutes/hour, 

rounding up to the nearest 15 minute segment. The average time spent outside in minutes/day 

was calculated across the seven day period for each individual, as well as the average 

minutes/hour on any given day. Data were first examined for normality using the Shapiro-

Wilk test for normality. An independent Student‟s t-test was used to compare differences in 

mean time spent outside between boys with DMD and their siblings. Serum 25(OH)D data 

was split into quartiles and the mean sun exposure per day for boys in each quartile was 
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compared using a one-way analysis of variance. Pearson‟s correlations were applied to 

explore the relationship between mean time spent outside exposure and serum 25(OH)D. Data 

are reported as mean ± SD and significance was accepted at p≤0.05. The statistical package 

used in this analysis was SPSS, Version 18.0 (SPSS Inc., Chicago, IL). 

 

3.2.7 Results 

Six boys with DMD, each with at least one healthy sibling (n = 9), were recruited. Blood 

samples could not be obtained from two sibling participants. All children attended regular 

school or kindergarten. Five of the boys with DMD were receiving GCS treatment 

(prednisolone 0.51 – 0.64mg/kg/day or deflazacort 0.83mg/kg/day). All boys with DMD were 

independently ambulant although one regularly required a motorised chair.  Vitamin D 

supplementation was reported by one boy with DMD (1000 IU/day). 

 

The mean age of the boys and their siblings was similar (8.2 ± 2.1 vs. 8.3 ± 2.6; p=0.902). 

Serum 25(OH) D was significantly lower in boys with DMD compared to their siblings (52.2 

± 14.2 nmol/l vs. 77.9 ± 11.4 nmol/l; p=0.004) with no difference in mean time spent outside 

/day (251 ± 85 minutes/day vs. 300 ± 83 minutes/day; p=0.288).  Within the DMD group, 

four of six boys had low serum 25(OH)D levels (≤ 50nmol/L) (75). Of note, serum 25(OH)D 

in the single steroid-naïve participant was 42 nmol/L. Despite the significant difference in 

serum 25(OH)D levels there was no difference in mean daily sun exposure between boys with 

DMD and their healthy siblings. The cohort as a whole, spent more time outside on weekend 

days compared to week days (336 mins/weekend day vs. 257 mins/week day; p=0.001). 

Further analysis revealed no difference between the two groups when comparing mean sun 

exposure for each day of the week (Mon-Sun); mean sun exposure/day in children with serum 

25(OH)D above and below the normal levels 50nmol/L; and mean sun exposure/day in 

quartiles of serum 25(OH)D.  
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Although not significant, the relationship between mean daily sun exposure and serum 

25(OH)D (Figure 3-1) was considerably stronger in healthy siblings (r = 0.642, p=0.12) than 

in boys with DMD (r = 0.146, p=0.782). 

 

 

Figure 3-1 Relationship between mean sun exposure and serum 25(OH)D in boys with 

DMD and healthy siblings 

The blue squares represent boys with DMD; green squares represent sibling participants.  
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3.3 Investigation 2 – corticosteroid use 

3.3.1 Background 

GCS are used as the primary medical management strategy in DMD as well as in a large 

range of conditions including inflammatory bowel disease, rheumatoid arthritis, and 

autoimmune disease. Whilst GCS are efficacious in managing these inflammatory conditions, 

their use can be accompanied by substantial side effects (162). Important among these is 

glucocorticoid-induced osteoporosis (GIO), the most widespread form of secondary 

osteoporosis (193). GIO contributes to fractures in as many as 30-50% of adults prescribed 

GCS even when they receive 2.5-7.5 mg prednisone equivalents per day (164, 165). 

 

Sustained use of GCS increases bone loss by reducing intestinal calcium absorption and 

increasing renal excretion, so that the ensuing negative calcium balance leads to increased 

bone resorption (194). To combat this, vitamin D supplementation has been explored as a 

potential adjunct therapy, since vitamin D regulates calcium homeostasis by increasing 

intestinal calcium absorption and reabsorption from the kidneys (195).  

 

Several systematic reviews indicate the efficacy of vitamin D plus calcium supplementation in 

maintaining bone mineral density  and reducing vertebral fracture risk in patients treated with 

GCS (196-198). The 2010 recommendations for the prevention and treatment of GIO from the 

American College of Rheumatology advise supplementation with 800-1000 IU/day (20-25 µg 

/d) 25(OH)D although it is conceded that more may be necessary if GCS adversely affects 

vitamin D absorption (162). Recommendations from the Endocrine Society suggest higher 

levels of supplementation, proposing that patients using GCS require two to three times more 

vitamin D than healthy people of the same age (183). For a 30 year old individual, this 

equates to a dose of 3,000-6,000 IU 25(OH)D per day (75-150 µg /d). Conversely, the Royal 
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College of Physicians of London recommend vitamin D supplementation only in cases of 

vitamin D deficiency (163).  

 

Whilst it is evident that vitamin D supplementation is beneficial in the prevention and 

treatment of GIO, the extent to which GCS compromises vitamin D status remains unclear. 

This is a critical gap in knowledge. Historically, prednisone was thought to decrease the 

plasma half-life of vitamin D, although this half-life is most likely to be that of 25(OH)D 

(199). The long term effects of chronic GCS use on plasma 25(OH)D levels are uncertain. 

Some authors suggest that 25(OH)D levels remain normal, others report reduced levels long-

term (200-204). Importantly, since vitamin D deficiency is in itself a risk factor for 

osteopenia, osteoporosis and increased fracture risk, vitamin D insufficiency or deficiency 

may compound the effects of GIO and attenuate the effectiveness of a standard vitamin D 

supplementation at 800-1,000 IU/d (20-25 µg /d) since achievement of optimal plasma levels 

of 25(OH)D are known to be highly dependent on the initial starting value (205, 206).  

 

3.3.2 Objectives 

1. To determine serum 25(OH)D concentrations in patients treated with GCS 

2. To compare serum 25(OH)D concentrations in patients treated with GCS and steroid-

naïve controls.  

 

3.3.3 Hypotheses 

I. Serum 25(OH)D levels will be in the deficient range (< 20 ng/ml (50nmol/L)) in patients 

treated with GCS 

II. Serum 25(OH)D is decreased in patients treated with GCS compared to steroid-naïve 

controls 
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3.3.4 Methods 

A systematic review with meta-analyses was used to address these objectives. Specifically, 

these questions have been investigated using three methods: calculation of the weighted mean 

serum 25(OH)D concentration in patients treated with GCS; comparison of serum 25(OH)D 

in patients treated with GCS compared to controls who are steroid-naïve and are either 

healthy or who have active disease; and comparison of serum 25(OH)D before and after GCS 

administration.  

 

3.3.4.1 Systematic review 

The search strategy was determined by two investigators (ZD and HT) and conducted by one 

(ZD). The systematic review was originally conducted May 2010, and updated in August 

2011 through a search of two databases (MEDLINE via OVID and CINAHL) using the 

following keywords: prednisolone, glucocorticoids, adrenal cortex hormones, vitamin D, 

vitamin D deficiency, vitamin D insufficiency. In addition the MEDLINE search incorporated 

the terms: hydroxycholecalciferols and dihydroxycholecalciferols. In the CINAHL search 

added terms were: 25-hydroxyvitamin D, cholecalciferols and calcitriol. All search terms 

were „exploded‟. Each search was limited to human studies published in English between 

January 1970 and August 2011. No attempt was made to access unpublished communications. 

All recovered abstracts were reviewed (by ZD) and where eligibility was unclear, the full 

article was also reviewed by HT. Articles were retrieved where studies measured 25(OH)D in 

any population aged >18 years treated with GCS. All experimental study designs were 

included, but case studies, commentaries, narrative reviews, conference abstracts and 

editorials were excluded. Studies were coded as included or excluded. Reasons for exclusion 

were: not a study, not a relevant population, not a relevant outcome, duplicate, or unable to be 

retrieved. To be eligible for data extraction, retrieved studies were re-examined against further 
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criteria (Table 3-1). Retrieved studies were also hand searched for further references meeting 

inclusion criteria for this review. Contact with study authors was found not to be required.  

 

Table 3-1 Reasons for exclusion of studies in patients treated with glucocorticosteroids 

(GCS) 

Excluded  vitamin D supplementation ≥ 400 IU/day (10 µg /d) 

  GCS treatment <2 weeks duration 

  duration of GCS treatment unclear 

  serum 25(OH)D not measured 

  >50% study population on GCS for renal or hepatic disease  

  >50% the study population on GCS post-transplant 

  study population includes a patient with Cushing‟s syndrome 

  vitamin D supplementation study without a measure of 25(OH)D at baseline
†
 

  25(OH)D in users versus non-users of GCS not clearly defined 

  treatment status with GCS unclear in some subjects 

†
Except where patients commenced GCS and vitamin D supplementation at the same time and 

there was no placebo arm (GCS alone) 

 

 

Review of all included studies (by ZD) led to the extraction of the following information: 

affiliation and source of funds, study design, location, sample size, population characteristics 

and potential confounding variables (age, gender, ethnicity, vitamin D supplementation, sun 

exposure, cumulative GCS dose, daily GCS dose), type of 25(OH)D assay, and mean serum 

25(OH)D. Any studies providing insufficient information for the meta-analysis were now 

excluded; at a minimum a sample size and a mean serum 25(OH)D level were required.  
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Study quality was assessed as positive, neutral or negative according to criteria developed by 

the American Dietetic Association (207). Levels of evidence were assigned according to an 

accepted hierarchy (208). Whenever the measure of 25(OH)D taken came from a single point 

within an intervention or cohort study (eg. baseline measure), the level of evidence was 

considered equivalent to a cross sectional study. Study quality and level of evidence were not 

considered when assessing eligibility for inclusion.  

 

3.3.4.2 Meta-analyses 

Analyses were undertaken using STATA (Version 11, StataCorp, 2009). The relationship 

between GCS treatment and serum 25(OH)D was explored by meta-analysis. Three key 

elements were examined: the weighted mean 25(OH)D concentrations; comparison of 

25(OH)D concentrations in GCS users and non-users; and comparison of 25(OH)D before 

and after GCS administration. All measures of 25(OH)D have been reported as ng/ml.  

 

Weighted mean 25(OH)D  

The weighted mean was calculated firstly, in accordance with sample size and secondly in 

relation to the standard deviation (SD) with consideration of random effects principals (209). 

Studies were included in these analyses if they provided the mean serum 25(OH)D 

concentration plus either the sample size or a SD or standard error of the mean (SEM), 

respectively. 

 

Comparison of 25(OH)D between GCS users and non-users 

Studies allowing comparison of 25(OH)D concentrations between GCS users and non-users 

reported mean ± SD (or SEM) serum 25(OH) D concentrations for a cohort of GCS users and 

a cohort of steroid-naïve controls (either healthy or with a disease). Where 25(OH)D was 

reported for several GCS treated groups versus one control group, the measure with the least 
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variation was used in analyses. Effect sizes were calculated using Cohen‟s d (210). A negative 

d value indicates that serum 25(OH)D is decreased in GCS users compared to non-users. 

Effect sizes are taken as small: d=0.2, medium: d=0.5, and large: d=0.8 (210). 

 

The STATA metan command was used to calculate overall weighted mean difference in 

serum 25(OH)D between GCS users and all controls (healthy and diseased); between GCS 

users and healthy controls; and between GCS users and controls with active disease (211). A 

random effects model was also used whereby the standardised mean difference (SMD) was 

used in place of mean 25(OH)D. Heterogeneity was examined both qualitatively and 

quantitatively using the I
2
 statistic: low heterogeneity is defined as < 25%, medium as < 50%, 

and high as < 75% (212). 

 

Comparison of 25(OH)D before and after GCS administration 

Studies were included for comparison of 25(OH)D before and after GCS administration if 

they reported 25(OH)D, and SD or SEM in a group of subjects before commencing GSC and 

following at least one month of treatment. Studies were excluded if GCS administration was 

accompanied by supplementation with vitamin D. Again Cohen‟s d was used to estimate 

effect size and the overall SMD was calculated.  

 

3.3.5 Results 

The process of study selection for the meta-analyses is illustrated in Figure 3-2. From the 

search 1,309 studies were received for classification. Of these, 171 studies, including ten 

studies identified via a hand search, were retrieved, of which 38 were found eligible for data 

extraction. During data extraction, a further 13 studies were excluded because they provided 

insufficient data points for inclusion in any meta-analyses. Of the 25 included studies, 12 

were cross sectional studies, two were cohort studies, six studies had either a single arm 
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intervention or were a non-randomised control trial, and five were randomised control trials. 

One additional study became available after the search was completed. This could not be 

included in the meta-analysis due to the lack of mean values for vitamin D in GCS treated 

patients (213).  

  

The studies included in the meta-analyses are summarised in Table 3-2, Table 3-3, Table 3-4. 

Most (92%) were assessed as of neutral quality only; one paper was assessed as positive 

quality (214) and one as negative quality (215). Participants included patients treated with 

GCS for inflammatory bowel disease, sarcoidosis, rheumatoid arthritis and other rheumatic 

disorders, chronic obstructive pulmonary disorder, asthma, connective tissue disorders, and 

systemic lupus erythematosis.  
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Figure 3-2 Flow chart illustrating the process of study selection in the systematic review for the meta-analyses  

DUP: duplicate paper; NO: not a relevant study outcome; NP: not a relevant population; NR: not able to be retrieved; NS: not a relevant study. 
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Thirteen of the 25 included studies were conducted in the United States, others were from 

Europe (n=10), New Zealand (n=1) and Canada (n=1). Participants were aged 23-69 years; 0-

100% male, and were given 5-150 mg/d GCS. Serum 25(OH)D was generally determined by 

competitive protein binding assay or radioimmunoassay.   

 

3.3.5.1 Weighted mean serum 25(OH)D  

A total of 25 studies with 867 participants allowed the determination of a mean 25(OH)D 

weighed by sample size as 22.4 (95% CI: 19.4, 25.3) ng/ml, while 23 studies with 640 

participants provided data allowing estimation of  a mean 25(OH)D weighed by SD as 21.0 

(95% CI: 13.5, 28.5) ng/ml (Table 3-2).  
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Table 3-2 Summary of studies used to calculate a weighted mean 25(OH)D 

Reference Country Design 
25(OH)D 

Assay 
n 

Patient 

Group 

Mean age 

(years) 

% 

Male 

Mean GCS 

dose (mg/d) 

GCS duration 

(months) 

Mean 25(OH)D 

(ng/ml) 

Abitbol et al. 1995 (216) France CS CPB 52 IBD 37.0 (12.0)  8.8 (9.7) N/A
a
 13.2 (9.10) 

Adler et al. 2003 (217) USA C RB 10 Sarcoidosis     19.8 (10.5) 

Aloia et al. 1974 (218) USA CS RL 17 ID     33.9(17.9) 

Als et al. 1987 (219) Denmark CS RIA 31 RA 55.5 (12.8)    13.2 (10.0) 

Bernstein et al. 1995 

(220) 
USA CS RR 15 IBD     36.0 (11.0) 

Bijlsma et al. 1988 (221) Netherlands RCT CPB 10 Mixed 50.3 (14.3) 30 N/A
b 

44.2 (2-161) 25.3 (15.8) 

   CPB 11 Mixed 41.1 (15.7) 18 N/A
c 

32.4 (2 – 123) 18.9 (8.3) 

Bikle et al. 1993 (222) USA CS CPB 22 COPD 69.0 (9.0)  7.5-60 12-192 23.2 (10.4) 

Bonadonna et al. 2005 

(223) 
Italy CS RIA 6 Mixed 52.0 (11.9) 100 10.0 (3.5) 17.5 (13.6) 20.5 (2.7) 

Braun et al. 1983 (224) Netherlands RCT RIA 7 Mixed 39.0 (11.6) 14 13.6 (4.4) 6-192 20.3 (9.8) 

   RIA 7 Mixed 34 (13.6) 14 13.6 (4.2) 6-192 20.5 (14.5) 

Colette et al. 1987 (215) France I 
via 

radiocalcium 
7  48.0 (13.2) 100 18.0 (18-25) ≥3 8.0 (7.4) 

D‟Angelo et al. 1985 

(225) 
Italy CS CPB 10 RA 23-69 30 ≤ 10 4-6 19.5 (7.8) 

   CPB 8 RA 31-67 25 ≤ 10 12-36 21.6 (6.8) 

   CPB 15 RA 32-61 27 > 15 ≥10 35.6 (17.0) 

Driscoll et al. 1982 (226) USA CS CPB 6 IBD-C 43.2 (16.6) 33 18.3 (8.2)  14.2 (13.7) 

Dykman et al. 1984 (214) USA RCT CPB 10 RD 51.5 (14.9) 10 11.3 (13.28) 87.6 (60.7) 14.3 (4.7) 

   CPB 13 RD 46.5 (13.7) 23 12.2 (9.4) 57.6 (69.2) 19.9 (8.3) 

Grecu et al. 1991 (227) USA CT CPB 12 BA 63.0 (56-72) 100 10-20 >12 29.8 (10.4) 
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Reference Country Design 
25(OH)D 

Assay 
n 

Patient 

Group 

Mean age 

(years) 

% 

Male 

Mean GCS 

dose (mg/d) 

GCS duration 

(months) 

Mean 25(OH)D 

(ng/ml) 

Hahn et al. 1977 (200) USA CS CPB 21 Mixed 43.7 (12.8) 52 22.3 (9.6) 58.8 (55.0) 14.5 (6.9) 

Hahn et al. 1979 (201) USA CT CPB 17 Mixed 47.2 (12.4) 24 17.4 (7.4) 51.6 (34.6) 15.4 (4.5) 

Klein et al. 1977 (203) USA I CPB 16 CTD 57.1 (12.8) 25 
40.0 (15-

100) 
3.0 (10-15) 13.9 (6.5-24.8) 

   CPB 5 CTD 48.0 (18.1) 0 9.5 (8-10) 3.0 (10-15) 19.4 (10.2-22.0) 

   CPB 6 CTD 52.3 (19.3) 67 34.0 (15-50) 3.0 (10-15) 17.9 (15.4-27.3) 

Lund et al. 1985 (228) Denmark CS CPB 50 RA 63.0 (35-78) 4 5-10 96.0 (6-420) 17.0 (10.0) 

Newman et al. 2006 

(229) 
USA C  200 Mixed 62.7 (12.7) 32  70.8 (85.2) 21.4 

Reid et al. 1990 (230) 
New 

Zealand 
CT CPB 16 Mixed 48.0 (20.0) 50 16.2 (6.0) 60.0 (52.8) 20.5 (10.0) 

   CPB 19 Mixed 52.0 (13.1) 58 12.3 (6.1) 78.0 (83.7) 23.9 (10.9) 

Rickers et al. 1982 (231) Copenhagen RCT HPLC 15 Mixed 63.2 (47-76) 40 19.9 6 13.8 (8.5) 

Slovik et al. 1980 (202) USA CS CPB 48 Asthma  44 13.0 (6.9) 59.0 (55.4) 35.0 (20.8) 

   CPB 10 Mixed   150.0 (91.7) 0.4 (0.3) 30.0 (9.5) 

Toloza et al. 2010 (232) Canada CS RIA 124 SLE 48.3 (13.1) 0 N/A
d 

122.4 (110.4) 27.5 (12.4) 

Worth et al. 1994 (233) Germany RCT HPLC 14 Asthma 55 (41.2) 21 27.0 (44.9) >9 21.0 (7.5) 

   HPLC 19 Asthma 58.0 (52.3) 47 28.0 (52.7) >9 23.6 (21.8) 

Zerwekh et al. 1984 

(234) 
USA CT CPB 18 RA 54.9  5.0 6 30.0 (21.2) 

Mean (standard deviation/range), GCS glucocorticosteroids, 25(OH)D 25 hydroxyvitamin D. Country: USA United States of America. Design: CS 

cross sectional, C cohort, RCT randomised controlled trial, I intervention study (single arm), CT controlled trial. Assay: CPB competitive binding 

assay, RB radio-binding assay, RL radioligand assay, RIA radio-immunoassay, RR radioreceptor assay, HPLC high performance liquid 

chromatography. Patient group: IBD inflammatory bowel disease, ID inflammatory diseases, RA rheumatoid arthritis, COPD chronic obstructive 

pulmonary disorder, IBD-C Crohns, RD rheumatic diseases, BA bronchial asthma, CTD connective tissue disorders, SLE systematic lupus 

erythematosis. Mean cumulative GCS dose (g):
 a 

10.5 (13.0), 
b 

22.9 (1.7-76.2), 
c 
22.1 (0.5-99.1), 

d 
41.5 (39.2).  
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Table 3-3 Summary of studies used in analysis comparing 25(OH)D between GCS users and non-users 

Reference Country Design 
25(OH)D 

Assay 
GCS Tx n 

Patient 

Group 

Mean age 

(years) 

% 

Male 

Mean 

GCS dose 

(mg/d) 

Duration 

GCS 

(months) 

Mean 

25(OH)D 

(ng/ml) 

Effect size 

(Cohen’s 

d) 

Abitbol et al. 

1995 (216) 
France CS CPB GCS 52 IBD 37.0 (12.0)  8.8 (9.7) N/A

a
 13.2 (9.1) -0.025 

    No GCS 32 IBD 44 (15)    13.4 (7.0)  

Adler et al. 

2003 (217) 
USA C RB GCS 10 

Sarcoidos

is 
    19.8 (10.5) 0.205 

    No GCS 23 
Sarcoidos

is 
    17.7 (10.0)  

Als et al. 

1987 (219) 
Denmark CS RIA GCS 31 RA 55.5 (12.8)  2.5-10 >6 13.2 (10.0) -0.736 

    No GCS 38 Healthy 42.5 (15.3) 55   24.7 (19.7)  

Bernstein et 

al. 1995 

(220) 

USA CS RR GCS 15 IBD     36.0 (11.0) 0.364 

    No GCS 4 IBD     32.0 (11.0)  

Bikle et al. 

1993 (222) 
USA CS CPM GCS 22 COPD 69.0 (9.0)  7.5-60 12-192 23.2 (10.4) 0.259 

    No GCS 14 COPD 65.0 (10.0)    20.4 (11.2)  

Colette et al. 

1987 (215) 
France CT 

via 

radiocalcium 
GCS 7  48.0 (13.2) 100 

18.0 (18-

25) 
≥3 8.0 (7.4) -1.057 

    No GCS 7 Healthy 65.0 (13.2) 71   14.8 (5.3)  

D‟Angelo et 

al. 1985 

(225) 

Italy CS CPB GCS 10 RA 23-69 30 ≤ 10 4-6 19.5 (7.8)  

    GCS 8 RA 31-67 25 ≤ 10 12-36 21.6 (6.8) 1.229 
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Reference Country Design 
25(OH)D 

Assay 
GCS Tx n 

Patient 

Group 

Mean age 

(years) 

% 

Male 

Mean 

GCS dose 

(mg/d) 

Duration 

GCS 

(months) 

Mean 

25(OH)D 

(ng/ml) 

Effect size 

(Cohen’s 

d) 

D‟Angelo et 

al. 1985 

(225) (cont) 

   GCS 15 RA 32-61 27 > 15 ≥10 35.6 (17.0)  

    No GCS 8 RA 20-61 25   13.6 (6.2)  

Hahn et al. 

1977 (200) 
USA CS CPB GCS 21 Mixed 43.7 (12.8) 52 22.3(9.6) 58.8 (55.0) 14.5 (6.9) -0.144 

    No GCS 19 Mixed 
47.9 

(10.03) 
53   15.6 (8.3)  

Hahn et al. 

1979 (201) 
USA CT CPB GCS 17 Mixed 47.2 (12.4) 24 17.4 (7.4) 51.6 (34.6) 15.4 (4.5) -0.268 

    No GCS 19 Healthy 45.7 (16.6) 32   16.9 (6.5)  

Slovik et al. 

1980 (202) 
USA CS CPB GCS 48 Asthma  44 13.0 (6.9) 59.0 (55.4) 35.0 (20.8) -0.399 

    No GCS 12 Asthma     44.0 (24.2)  

    GCS 10 Mixed   
150.0 

(91.7) 
0.4 (0.3) 30.0 (9.5) -1.188 

    No GCS 47 Healthy     44.0 (13.7)  

Zerwekh et 

al. 1984 

(234) 

USA CT CPB GCS 18 RA 54.9  5 6 30 (21.2) -0.174 

    No GCS 16 RA 53.9    33.0 (12.0)  

Mean (standard deviation/range), GCS glucocorticosteroids, 25(OH)D 25 hydroxyvitamin D. Country: USA United States of America. Design: CS 

cross sectional, C cohort, I intervention study (single arm), CT controlled trial. Assay: CPB competitive binding assay, RB radio-binding assay, RIA 

radio-immunoassay, RR radioreceptor assay. Patient group: IBD inflammatory bowel disease, RA rheumatoid arthritis, COPD chronic obstructive 

pulmonary disorder. Mean cumulative GCS dose (g):
 a 

10.5 (13.0).  



116 

 

Table 3-4 Summary of studies used in analysis comparing 25(OH)D before and after GCS administration 

Reference Country Design 

 

25(OH)

D Assay 

n 
Patient 

Group 

Mean age 

(years) 

% 

Male 

Mean 

GCS 

dose 

(mg/d) 

Mean 

25(OH)D 

(ng/ml) 

Baseline 

Mean 

25(OH)D 

(ng/ml) 

6 months 

Effect Size 

(Cohen’s d) 

Rickers et al. 1982 (231) Copenhagen RCT HPLC 15 Mixed 63.2 (47-76) 40 19.9 17.1 (8.52) 13.8 (8.52) -0.388 

Zerwekh et al. 1984 

(234) 
USA CT CPB 18 RA 54.9  5 30 (12.7) 30 (21.2) 0 

Mean (standard deviation/range), GCS glucocorticosteroids, 25(OH)D 25 hydroxyvitamin D. Country: USA United States of America. Design: RCT 

randomised controlled trial, CT controlled trial. Assay: HPLC high performance liquid chromatography, CPB competitive binding assay. Patient 

group: RA rheumatoid arthritis. 
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3.3.5.2 Comparison of serum 25(OH)D between GCS users and non-users 

Twelve studies including a total of 271 GCS users and 251 steroid-naïve controls (123 

healthy, 128 with disease) were available to compare serum 25(OH)D between GCS users and 

non-users (Table 3-3). A meta-analysis (Figure 3-3) indicated that the SMD was not 

significant (SMD = -0.2 (95% CI: -0.4, 0.1) ng/ml). A moderate degree of heterogeneity was 

evident between studies (53.9%). 

 

 

Figure 3-3 Random effects meta-analysis comparing 25(OH)D concentrations between 

GCS users and non-users (both healthy and disease controls)  

I
2
=53.9%, p 0.011; test of SMD=0: z=1.06, p=0.289 
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Meta analyses also examined relationships between GCS users and healthy controls; and 

between GCS users and disease controls (Figure 3-4 and Figure 3-5). Serum 25(OH)D in 

GCS users was significantly below that of healthy controls (SMD = -0.5 (95% CI: -1.0, -0.1) 

ng/ml, p=0.03). Heterogeneity (I
2
=56.4%) was moderate in this analysis. In contrast, there 

was no difference in serum 25(OH)D between GCS users and disease controls (SMD = 0.0 

(95% CI: -0.2, 0.3) ng/ml). There was a low degree of heterogeneity between these studies 

(I
2
=16.2%).  

 

 

Figure 3-4 Random effects meta-analysis comparing 25(OH)D concentrations between 

GCS users and healthy control non-users 

I
2
=56.4%, p 0.057; test of SMD=0: z=2.13, p=0.033 
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Figure 3-5 Random effects meta-analysis comparing 25(OH)D concentrations between 

GCS users and non-users with active disease  

I
2
=16.2%, p 0.302; test of SMD=0: z=0.26, p=0.798 

 

3.3.5.3 Comparison of serum 25(OH)D before and after GCS administration 

Only two studies with a total of 33 participants could be analysed to examine the difference in 

serum 25(OH)D concentration before and after GCS administration (Table 3-4). No 

significant change in serum 25(OH)D occurred after six months (SMD -0.174 (95 % CI: -

0.659, 0.311) ng/ml). The mean daily GCS dose given in each study however was very 

different. Where the mean GCS dose was 19.9 mg/day , the effect size was small to medium, 

whilst with a mean GCS dose of only 5mg/day no change in serum 25(OH)D concentrations 

was observed (231, 234).  
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3.4 Discussion 

These two streams of investigation address the question of the aetiology of low 25(OH)D 

concentrations in boys with DMD. The first investigation demonstrates that whilst boys with 

DMD have significantly lower serum 25(OH)D levels, they receive similar sun exposure to 

their healthy siblings. Based on the finding from the second investigation, prolonged used of 

GCS therapy may provide an explanation for this observed discrepancy.  

 

Adults receiving GCS therapy appear frequently to have concentrations of serum 25(OH)D 

that are suboptimal for the prevention or management of GIO. Whilst neither weighted mean 

statistic (by sample size: 22.4 (95% CI: 19.4, 25.3) ng/ml; by SD: 21.0 (95% CI: 13.5, 28.5) 

ng/ml) fell below 20 ng/ml, the size of CIs suggest that the true weighted mean statistic could 

indeed indicate deficiency. Furthermore, serum 25(OH)D in GCS users was on average -0.5 

(95% CI: -1.0, -0.1) ng/ml lower than found in healthy controls. This finding is supported by 

the difference in 25(OH)D found between boys with DMD and their healthy siblings. A 

similar relationship was not evident between GCS users and disease controls, indicating that 

disease status may explain the difference in 25(OH)D between GCS users and healthy 

controls. These results are consistent with findings from a recent population study using data 

from NHANES III; the authors determined that those using  

GCS were two times more likely to be vitamin D deficient (defined at 25(OH)D <10ng/ml) 

compared to those not using GCS (213). 

 

Prednisone not only increases the catabolism of 25(OH)D  but may also induce significant 

weight gain (183, 199, 235). Obesity may then compound the deleterious effects of GCS on 

vitamin D status since it is known that vitamin D sequesters in body fat, decreasing its 

bioavailability (183, 236).  The prevalence of obesity thus complicates assessment of the 

effects of GCS on vitamin D status. Given the increased intramuscular fat mass and obesity 
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that develops as a part of DMD pathology, a sequestering effect could be contributing to the 

decreased levels of 25(OH)D observed. Nonetheless, it is clear that 25(OH)D was suboptimal 

in the GCS treated cohorts examined here, suggesting that recommendations for vitamin D 

supplementation in people treated with GCS may need revision.  

 

Based on our weighted means in adults which are in the range 16-24 ng/ml, 1,800 IU/d 

(45µg/d) per day of vitamin D supplementation would be required to achieve serum 

concentrations of 25(OH)D ≥ 32ng/ml (206). In comparison to this calculated requirement, 

the Endocrine Society recommends a higher daily dose for adult GCS users (3000-6000 

IU/day (75-150 µg/d)) whilst the recommendations of the American College of 

Rheumatology are considerably lower (800-1000 IU/d (20-25 µg/d)) (162, 183). Misra et al. 

(75) recommends supplementation with > 5000 IU/day for children > 12 months old who are 

vitamin D insufficient or deficient; however, at present there are no specific recommendations 

for paediatric populations using GCS nor are there specific recommendations for boys with 

DMD. Although the meta-analyses presented here used data from adult populations, the 

calculated weighted mean 25(OH)D was similar to the observed mean 25(OH)D in the cross-

sectional study (52.4 nmol/L vs 52.2 nmol/L, respectively). Thus it is reasonable to generalise 

the calculated requirement from the meta-analyses to the DMD population instead of using 

the broader paediatric recommendations.  

 

It is essential to measure 25(OH)D concentrations in individuals with DMD at the time that 

they first commence GCS therapy as there may be considerable variation in their vitamin D 

status, and hence their requirement for supplementation. Yet this review found several studies 

reporting a lack of assessment and/or treatment for bone health in patients commencing or 

receiving GCS therapy (237-240). Similarly, the lack of assessment of bone health in boys 

with DMD has been highlighted in Chapter 2. In practice it is probable that many patients 
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commencing GCS do not have their 25(OH)D measured. As bone is lost rapidly during the 

first few months of GCS treatment, it would be prudent to set vitamin D recommendations at 

or above 2,000 IU/d (50 µg/d) to achieve optimal levels of 25(OH)D during this critical time 

(193). Exemptions would only be appropriate where an individual is at risk of hypercalciuria 

and hypercalcaemia, for example in patients with sarcoidosis (241). An intake of 2,000 IU/d 

(50 µg/d) of vitamin D is well below the recognised safe upper limit of vitamin D intake 

(3,000 IU (75ug) per day for children 4-8 years of age, and 4,000 IU (100µg) per day for 

persons above 9 years of age) as determined by the Institute of Medicine (IOM) (242). The 

safe upper limit of vitamin D intake has however, been a matter of much contention and for 

many patients at risk of deficiency, an upper limit as high as 10,000 IU (250 µg) has been 

proposed (183). A dose at this level has no detrimental effects on serum calcium or urinary 

calcium excretion (243). Moreover, Vitamin D toxicity appears rare. Severe adverse effects 

are not seen until serum 25(OH)D rises above 700 nmol/L (244). Very high bolus doses 

however, are not advised. A recent Australian study noted adverse effects when elderly 

women were given 500,000 IU (12,500 µg) of vitamin D in a single oral annual dose, a single 

dose 10x higher than that established as safe in previous trials (245). This non-physiological 

dose increased basal 25(OH)D from a median of 49 nmol/L to 120 nmol/L within one month. 

Although no serious toxicity was reported at these serum concentrations, a significant 

increase in the rate of falls and fractures was detected. The increase in falls appeared to be 

related to the single, very large dose given (500,000 IU (12,500 µg)) rather than to the serum 

25(OH)D concentrations achieved. This study questions the safety of high-dose vitamin D 

supplementation, even in the absence of clinical toxicity.  

 

The potential relationship between Vitamin D and muscle function warrants attention. In the 

elderly, dietary vitamin D supplementation has been found to lower the risk of falling by as 

much as 22% (246). In the Longitudinal Aging Study of Amsterdam, a population-based 
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study in men and women aged 65 and over, researchers determined that lower 25(OH) D and 

higher parathyroid hormone levels increased the risk of sarcopaenia in older men and women 

(247). Lower serum 25(OH) levels have also been associated with improved functional 

outcomes in women aged 55 and older (191); and with decreased muscle power and force in 

females aged 12-14 (248). Also, of interest are body composition changes related to vitamin 

D status. In healthy females vitamin D insufficiency is associated with increased fat 

infiltration in muscle as measured by computed tomography (249). Although a causal 

relationship between vitamin D and muscle function is yet to be established, the question 

lingers: if we can optimise vitamin D status, will it improve muscle function for boys with 

DMD? 

 

There were several strengths and limitations to both streams of investigation. The first 

investigation was limited by small numbers due to the need to find sibling controls. However, 

recruiting a sibling cohort was advantageous because it effectively controlled for other 

environmental determinants of 25(OH)D levels and was a novel strategy. The sun exposure 

diary used in this investigation has been previously validated in several groups in the United 

States of America. In a cohort of adolescent females UV radiation exposure measured using a 

polysulfone dosimeter was significantly correlated with minutes spent outdoors (249). The 

tool was more recently validated by Chodick et al  in a cohort of 124 men and women (250). 

In this validation study, participants completed a daily activity diary recording time they spent 

on major indoor and outdoor activities. Personal solar UV radiation exposure was again 

simultaneously measured using a polysulfone dosimeter. Self-recorded daily time spent 

outdoors was found to be significantly associated with personal UV radiation exposure. The 

validity of the amended questionnaire used in this study is supported by its sensitivity to 

expected differences in sun exposure between week and weekend days. However, the use of 

time spent outdoors as a proxy for UV radiation exposure does not account for the child‟s use 
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of sun safe practices, such wearing a hat and applying a sunscreen. It was assumed that such 

sun safe practices would be similar within families. Due to the exploratory nature of the 

protocol used in Investigation 1, the biochemical panel was limited to measurement of serum 

25(OH)D. In expanding the study population, future investigations should include a broader 

range of biochemical markers such as 1,25-dihydroxyvitamin D, parathyroid hormone and 

bone alkaline phosphatase to gain an understanding of the effect of reduced serum 25(OH)D 

on bone metabolism.  

 

This chapter provides the first meta-analysis of serum 25(OH)D concentrations in patients 

receiving GCS. Here, the use of a weighted mean 25(OH)D statistics increases the clinical 

significance of this research and provides evidence for recommendations for vitamin D 

supplementation during GCS treatment. Although unique, the meta-analysis provides Level 

III quality evidence at best as it mainly draws on  cross-sectional measures of 25(OH)D. Non 

English publications were excluded, which may overestimate the effect by 2% (251). 

Unpublished communications were also not reviewed as advised by Schlesselman (252). 

 

With the exception of one analysis a moderate degree of heterogeneity, both qualitatively and 

quantitatively was evident among reviewed studies. This is inevitable as GCS are used widely 

across a diverse range of cohorts varying in age, disease types, and locality. Although this 

level of heterogeneity is held statistically to reduce the generalisability of a meta-analysis; it 

can conversely be argued that from a clinical viewpoint the diverse range of populations 

included in the analysis should increase generalisability. It can be noted that heterogeneity 

was low (I
2
=16.2%) in the analysis comparing 25(OH)D concentrations in GCS users vs non 

users with disease. Overall, the quality of studies utilised in the meta-analyses were assessed 

as „neutral‟. This rating appeared more reflective of study reporting than of study design and 

methods since, cross sectional studies reviewed often provided insufficient description of their 
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methods. Another key limitation of the second investigation was the dearth of information in 

studies regarding sun exposure and seasonal variation in serum 25(OH)D. These factors were 

often not measured as reviewed studies addressed very different research questions to our 

own. Only two studies were designed to assess the effect of GCS on 25(OH)D with a high 

level of evidence; these were studies where 25(OH)D concentrations were measured before 

and after GCS administration. Moreover in studies where 25(OH)D was not the primary 

outcome measure, other key confounders were not adjusted for. Therefore, this investigation 

highlights the need for appropriately designed, longitudinal clinical studies to investigate the 

true effect of GCS on 25(OH)D concentrations.   
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3.5 Summary 

These investigations build a clearer picture of vitamin D in boys with DMD. Firstly, young, 

ambulatory boys with DMD who attend regular school have low serum 25(OH)D levels, and 

this most likely cannot be attributed to a reduction in sun exposure. GCS therapy is associated 

with suboptimal 25(OH)D concentrations, and may potentially explain the reduction of 

25(OH)D observed in DMD cohorts.    

 

Regular monitoring of 25(OH)D and supplementation of vitamin D and calcium should have 

a high priority as a part of routine care for boys with DMD. Based on the weighted mean 

25(OH)D value obtained by meta-analysis, recommendations for vitamin D supplementation 

should at a minimum, be 1800 IU (45 µg)/d for boys receiving GCS therapy. The response to 

vitamin D supplementation at 2,000IU/day is explored in Chapter 5.  
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4 Investigating outcome measures for use in 

Duchenne muscular dystrophy 
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4.1 Introduction 

Selecting appropriate measurement tools to accurately determine outcomes is an essential 

issue to consider when designing randomised controlled trials. This has proven to be a 

complex issue for the neuromuscular community when seeking to determine whether 

treatments improve muscle strength and/or functionality (253). Historically, manual muscle 

tests have been used to measure muscle strength, but these tests are plagued with issues of 

unreliability (254). Instead, improved ambulatory capacity has been identified as a more 

meaningful objective measurement outcome and has been used in clinical trials for boys with 

DMD (255). Functional measures that assess ambulatory capacity, such as the six minute 

walk test (6MWT) have been the focus of much recent attention.  The 6MWT is a highly 

reliable assessment tool that measures the distance a subject can walk in a specific time frame, 

providing an objective and reliable measure of functional capacity which can be compared 

over time (253, 254).  

 

Quantitative measurement of ambulation patterns outside of a hospital setting can also 

provide important information regarding an individual‟s day-to-day functional capacity. 

Although there are a range of options, the StepWatch™ activity monitor is an accelerometer 

that has been investigated for use in DMD research because of its sensitivity in accurately 

recording step counts in individuals who have a widely varied gait (256).  

 

Accurate measurement of daily energy intake also presents methodological difficulty. In free 

living children the accuracy of self-reported measures of energy intake are regarded as 

unreliable since in children mis-reporting is often an even greater issue than in adults (257).  

In particular, food diaries are associated with significant underreporting ranging from 19-41% 

of estimated energy intake (258). Yet, the reliance on food diaries to measure or track changes 

in dietary intake is common in clinical settings. In children with a chronic disease where 



129 

 

monitoring nutrition and growth is at the crux of treatment, parents are often asked to report 

diet to health professionals as part of a routine clinic visit. Lack of motivation has been 

identified as a potential contributor to underreporting; however, parents of children with a 

chronic disease may well be more motivated to report accurately (259). Alternatively, parents 

may be better trained to be able to report on their child‟s dietary intake, as parent report of 

dietary intake has shown to have a good level of agreement with energy expenditure by 

measured by doubly labelled water (DLW) (259). Seven day weighed food records have been 

demonstrated to provide valid estimations of energy intake in children aged 7 and 9 years 

(257). However, with families having to cope and comply with many other home based 

therapies, increased participant burden for multiple days precludes this more intensive 

measurement instrument (260). The DLW method for measuring energy expenditure in 

humans is considered the „gold standard‟ for measurement of total energy expenditure (TEE) 

and validation of energy intake measures (258, 261). Because it is not influenced by self-

reported intake error, DLW can be used to validate dietary energy measurement tools by 

detecting true reporting bias (261).  

 

This chapter serves to introduce and justify the functional outcome measures chosen in the 

pilot randomised controlled trial (Chapter 5), specifically StepWatch™ activity monitoring 

and the 6MWT; and to provide evidence to substantiate their use in an Australian cohort. In 

addition, the validity of self-reported energy intake from diet diaries used in the pilot study is 

examined against the gold standard measure TEE using DLW. 

 

 

  



130 

 

4.2 Aims and objectives 

4.2.1 Aims 

The aim of these investigations was to explore possible outcome measures for use in a dietary 

intervention study in boys with DMD. Specifically, StepWatch™ activity monitoring and the 

6MWT as functional outcome measures, and a three day food record as a measure of energy 

intake.   

 

4.2.2 Objectives  

1. To compare community ambulation as measured by StepWatch™ activity monitoring 

between boys with DMD and healthy controls, specifically examining: 

a. Total steps 

b. Time spent inactive  

c. Time spent at low activity 

d. Time spent at medium activity 

e. Time spent at high activity 

2. To compare distance walked in a 6MWT between boys with DMD and healthy controls. 

3. To explore relationships between distances walked in a 6MWT and parameters of 

community ambulation in boys with DMD and healthy controls.  

4. To determine if parents of ambulatory boys with DMD can accurately report their child's 

dietary energy intake. 

 

4.2.3 Hypotheses to be tested 

I. Boys with DMD will walk shorter distances in a 6MWT compared to healthy controls.  

II. Boys with DMD will be less active in the community compared to healthy controls as 

measured by StepWatch™ activity monitoring. This will translate into more inactivity, 

and a lower step count, as well as less time spent at low, medium and high activity.  
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III. There will be a directly proportionate relationship between the distance walked in a 

6MWT and total step count in both boys with DMD and healthy controls.  

IV. There will be a directly proportionate relationship between the distance walked in a 

6MWT and time spent at low, medium and high activity in both boys with DMD and 

healthy controls.  

V. There will be an inverse relationship between inactivity and the distance walked in a 

6MWT in both boys with DMD and healthy controls. 

VI. Consistent underreporting will be evident when parents report their son‟s energy 

intake using a three day food diary. 
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4.3 Methods 

4.3.1 Functional outcome measures 

4.3.1.1 Participants 

Boys with DMD were recruited through neuromuscular clinic at The Royal Children‟s 

Hospital, Melbourne, as a part of a randomised controlled trial (Chapter 5). Pre-treatment 

measures were utilised. Eligible participants were ambulatory boys aged 5 to 13 years with a 

definite diagnosis of DMD defined as documentation of a deletion or duplication in the 

dystrophin gene, or absence of dystrophin on muscle biopsy, in conjunction with phenotypic 

evidence based on characteristic clinical symptoms or signs by 9 years of age (ie, proximal 

muscle weakness, waddling gait, and Gower‟s‟ manoeuvre), an elevated serum creatine 

kinase, and ongoing difficulty with ambulation. Ethics approval was obtained from The Royal 

Children‟s Hospital, Melbourne and Monash University Human Research Ethics Committees 

(HREC# 30022 and 2010001692, respectively, Appendix 11 and Appendix 12). Informed 

consent was obtained from parents or guardians (Appendix 13). 

 

Healthy control males, aged 5-13 years were recruited through Monash University via the 

staff intranet website, global staff emails and flyer advertisements around the Monash Clayton 

campus. Ethics approval was obtained from Monash University Human Research Ethics 

Committees (HREC# 2010000344, Appendix 14) and informed consent was obtained from 

parents or guardians (Appendix 15).  

 

4.3.1.2 Anthropometry 

Height and weight were determined with a portable stadiometer and digital weight scales 

(both Seca, Deutschland). All boys were able to stand for the height measure, and no severe 

curvatures were observed. BMI was calculated as body weight (in kilograms) divided by 

height (in metres squared). All participants had their shoes and any bulky items of clothing 
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removed before measurements were taken. Weight, height and BMI z-scores were determined 

using the CDC  reference values for children (157). 

 

4.3.1.3 Six minute walk test  

The 6MWT is a simple test that requires a marked course and a stopwatch. The test measures 

the distance that a subject can walk in a period of six minutes and is a measure of sub-

maximal functional capacity, as participants exercise at their desired intensity and are allowed 

to stop and rest during the test. Two people are required to perform the test: a clinical 

evaluator and a „safety chaser‟. Members of the research team (ZD and Aimee Segman (AS)) 

received training in both roles from a neuromuscular research physiotherapist at The Royal 

Children‟s Hospital (Katy de Valle). The tests were conducted (rotating these roles) by ZD, 

AS and research physiotherapists at The Royal Children‟s Hospital (Katy de Valle, Kate 

Carroll, and Rachel Kennedy).  

 

Boys with DMD completed the 6MWT at the Children‟s Neurosciences Centre at The Royal 

Children‟s Hospital, Melbourne, whilst healthy control subjects completed the test at Monash 

University Clayton campus. 

 

The 6MWT was set up according to the guidelines of the American Thoracic Society (ATS) 

(262), and was performed on an indoor course in an area chosen as straight, flat and rarely 

used as a thorough fare (Figure 4-1). A 25 metre course length was used in accordance with 

DMD-specific protocols, rather than the 30 metre course recommended by the ATS (253). 

Visible tape was used to mark a starting line, the centre line of the course, five metre 

intervals, and the direction of travel around cones placed at the end of the course. Several 

cones were positioned on either side of the track so that participants did not veer out of the 

course when walking. 
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A stopwatch was used to time the walk. Time taken for each lap was recorded as the subject 

crossed the horizontal taped line at the end of each 25 metre lap. Six numbered pieces of tape 

(one to six) were used to mark the distance at each minute-split on the course, and four 

sequentially lettered pieces of tape (A to D) were used to mark points where the participant 

had fallen, if at all. 

 

 

Figure 4-1 Six minute walk test course set up at Monash University Clayton Campus 

 

The test sequence was conducted in accordance with DMD-specific protocols (253).  The 

clinical evaluator acted as the study timer and scribe and was assisted by the „safety chaser' 

who walked behind the participant. The role of the chaser was to provide encouragement, 

place the numbered markers at minute intervals, and to assist in the event of a fall.  
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Participants were not required to fast, and performed the test at varying times of the day.  The 

participant was provided with a chair to rest for 5-10 minutes prior to commencing the test. 

As the participant was resting, the clinical evaluator explained the test procedures. 

Specifically: 

 This is a test to see how far the participant can walk in six minutes.  

 The participant can set their own pace; they may walk fast, but cannot run or jog. 

 The participant should walk close to the taped course, but should not walk on the tape 

or cross over to the other side of the course.  

 The participant may rest if needed during the test.  

 If the participant falls, they should rest if needed, but may still continue if able.  

 The clinical evaluator then demonstrates the process of walking around the cones.  

 

The timer commenced the test by calling “ready, set, go”. The safety chaser walked 1-2 

metres behind the participant as they completed the course. Standard encouragement was 

provided at approximately 15 sec intervals. At the end of each minute, the timer counted 

down “56, 57, 58, 59, 1 minute” and the chaser placed a minute marker on the floor. At the 

end of the test, the timer counted down and called “stop walking”. The participant was 

provided with a chair or wheelchair to rest if necessary. In the event of a fall, the safety chaser 

ensured that the participant was unharmed and assisted him to standing and to continue 

walking if able. The safety chaser placed a marker on the course at the place of the fall. The 

clinical evaluator recorded the time and distances on the 6MWT assessment form (Appendix 

16). Any notes about the test were also recorded. For example, the participant wore a knee 

brace during the walk test.  
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4.3.1.4 StepWatch™ activity monitoring 

The StepWatch™ accelerometer (Orthocare Innovations, WA USA) is a small ankle-worn 

device that records the number of steps taken in real time (Figure 4-2). It is a research-grade 

instrument for assessment of ambulatory activity during day-to-day life. The accelerometer is 

waterproof and provides no visual feedback to the wearer. 

 

Members of the research team (ZD, AS) were trained by a neuromuscular research 

physiotherapist at The Royal Children‟s Hospital (Katy de Valle) on how to accurately fit and 

calibrate the monitor, and how to advise parent/guardians on the use of the accelerometer at 

home. Subjects wore the StepWatch™ monitor for five consecutive days. Data from the first 

day was excluded as the time from when the device was worn was dependent on the subject‟s 

appointment time. Subjects were instructed to remove the monitor when they showered and 

slept.  

 

Figure 4-2 The StepWatch™ activity monitor is placed just above the ankle on the left 

foot 

 

The StepWatch™ settings were calibrated for each individual by the researcher (ZD, AS), 

with the use of a laptop and docking station. Subject‟s height was entered into the software 

and quick stepping, walking speed, and leg motion (dynamic, gentle or normal) selections 



137 

 

were programmed for each child individually. Pre-programmed activity levels in the 

StepWatch™ accelerometer were: inactive (zero step rate), low activity (one to fifteen steps 

per minute), medium activity (16-30 steps per minute), and high activity (greater than 30 steps 

per minute). An example of downloaded data from a monitor is presented in Figure 4-3.  

 

 

Figure 4-3 Display from a StepWatch™ activity monitor illustrating step rate per 

minute in actual time 

 

4.3.2 Energy intake 

4.3.2.1 Participants 

Ambulatory boys with a definitive diagnosis of DMD (see section 4.3.1) were recruited from 

two neuromuscular clinics in Australia: “MontroseAccess” - a community centre providing 

therapies for boys with DMD, and The Royal Children‟s Hospital, Melbourne between 

January 2008 and September 2009. The protocol was approved by Human Ethics Committees 

at The Royal Children‟s Hospital, Melbourne, the Royal Children‟s Hospital, Brisbane, and 

the University of Queensland (29075B, 2007/119, and 2007000797, respectively, Appendix 3, 

Appendix 17 and Appendix 18). Written informed consent was obtained from parents or 

guardians and prior to the study assessments (Appendix 8 and Appendix 19). 

 

4.3.2.2 Anthropometry 

Anthropometry measures were collected as described in section 4.3.1.2. 
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4.3.2.3 Food diaries 

A food dairy (Appendix 20) was provided to parents or guardians to record all food and liquid 

consumed by their child over three consecutive days (two week days and one weekend day) 

concurrently with measurement of TEE. Week and weekend days were included to represent 

„usual‟ dietary intake (263). A three day collection period limits subject burden but provides 

adequate data for comparison between groups and also to nutrient references values 

(recommended dietary intake and estimated average requirements) (264). Details requested 

regarding food and drink items, included brand name, flavour, cooking method, and amount 

eaten provided as either a weight (e.g. packaged food), common portion size (e.g. matchbox 

size piece of cheese) or as a household measure (e.g. one cup). The food diaries were analysed 

using FoodWorks v 6.0 nutritional analysis software (Xyris Software, Brisbane, Australia, 

2009) based on Australian food composition tables from NUTTAB 2006 and AUSNUT 2007. 

Nutritional information for food and drink items not present in these databases were located 

on the Calorie King Australia website (265). 

 

4.3.2.4 Total energy expenditure 

The DLW method for measuring energy expenditure uses water enriched with two naturally 

occurring stable isotopes, deuterium (hydrogen) (2H2) and oxygen 18 (
18

O) (266).  Over time, 

the deuterium is eliminated from the body in the form of water and the 
18

O is eliminated as 

both water and carbon dioxide (267). The differences in the elimination rates of the two 

isotopes is a measure of carbon dioxide production, which is used to determine TEE (267). It 

takes the isotopes approximately ten days to be eliminated from the body, during which a 

small amount of urine is required to be collected each day. Deuterium and oxygen 18 are non-

toxic and have no taste.  
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Boys with DMD were provided with a standard dose of DLW calculated based on total body 

water, determined by bioelectrical impedance (267). A ten ml urine sample was collected 

prior to and five hours after the DLW was consumed. Additionally, a ten ml urine sample was 

collected daily from participants for ten consecutive days following the dose of DLW. The 

urine samples were frozen at the subject‟s home in sterile containers until they were collected 

by the researcher. Samples were analysed and TEE determined by Ms Sarah Elliott (The 

University of Queensland, Brisbane).  

 

4.3.3 Statistical analysis 

Normality of the data was confirmed using the Shapiro-Wilk test for normality. Independent 

Student‟s t-tests were used to compare differences in anthropometric and functional measures 

between boys with DMD and control participants, and estimated energy intake and TEE in 

boys with DMD. Pearson‟s correlations were applied to explore the relationship between six 

minute walk distance and anthropometric and StepWatch™ outcome variables. Bland-Altman 

analysis was used to assess the agreement between estimated energy intake and TEE (268). 

Goldberg cut-offs were not used to identify under-reporters. In small studies (n<100) where 

energy expenditure can be directly compared to energy intake, these cut-offs are irrelevant 

(269). Data are presented as mean ± SD and significance was accepted at p≤0.05. The 

statistical package used in this analysis was SPSS, Version 18.0 (SPSS Inc., Chicago, IL).
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4.4 Results 

4.4.1 Functional outcome measures 

Sixteen boys with DMD and thirteen healthy controls completed the functional measures. 

Clearly erroneous StepWatch™ readings were received from two participants (DMD=1, 

control=1). These inaccuracies appeared more likely to be due to incorrect usage rather than 

equipment failure. Most boys with DMD were receiving GCS treatment (prednisolone, n=9, 

0.45-0.78 mg/kg/day; and deflazacort, n=5, 0.53-0.79 mg/kg/day). Anthropometric data are 

summarised in Table 4-1. Although weight z-scores were similar between the two cohorts, 

boys with DMD were significantly shorter than control participants. This was reflected in 

significantly higher BMI z-scores in the DMD cohort.  

 

Table 4-1 Anthropometric characteristics of boys with DMD and control participants  

Outcome DMD (n=16) Controls (n=13) 

Age (years) 9.0 ± 2.1 9.0 ± 2.4 

Weight z-score 0.71 ± 1.4 0.48 ± 0.76 

Height z-score  -1.29 ± 1.07 0.60 ± 1.05
*
 

BMI z-score
 
 1.44 ± 1.08 0.32 ± 0.88

*
 

Data presented at mean ± SD. BMI body mass index. 
* 

DMD vs control p<0.005. 

 

A comparison of outcome measures between boys with DMD and control participants are 

presented in Figure 4-4. Boys with DMD walked significantly shorter distances in the 6MWT 

compared to healthy controls (387 ± 86 vs. 598 ± 63 metres, respectively, p<0.0005). Data 

from the StepWatch™ activity monitors demonstrated that boys with DMD were more 

inactive (DMD 1103 ± 134 vs. control 1016 ± 62 minutes, p=0.036), took fewer steps each 

day (DMD 5138 ± 2500 vs. control 7239 ± 2621 steps, p=0.044), and spent less time in high 

activity (DMD 25 ± 17 vs. control 53 ± 34 minutes, p=0.018). Conversely, there was no 

difference between the two cohorts in time spent at low activity (DMD 205 ± 74 vs. control 

251 ± 44 minutes, p=0.059) or at medium activity (DMD 107 ± 51 vs. control 120 ± 33 

minutes, p=0.455).
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Figure 4-4 Differences in functional outcome measures between boys with DMD and 

control participants  

Graph A presents data from the six minute walk test; graphs B-F present data from 

StepWatch™ activity monitoring. Solid bars represent the mean score for each cohort and the 

thin vertical lines represent the standard error of the mean. Boys with DMD are presented by 

the blue bars, and control participants by the green bars. * DMD vs control p<0.05, ** DMD 

vs control p<0.005. 
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Relationships between functional outcome measures and anthropometric data were also 

explored in both boys with DMD and control participants (Table 4-2). Strong significant 

relationships were observed between all StepWatch™ parameters and six minute walk 

distance in boys with DMD only. The inverse relationship between inactivity and six minute 

walk distance is illustrated in Figure 4-5.   In control participants, six minute walk distance 

was only significantly correlated with age. No relationships were evident between 

anthropometric variables and six minute walk distance or StepWatch™ data (not presented) in 

either cohort.   

 

Table 4-2 Relationships between six minute walk distance and StepWatch™ and 

anthropometric variables in boys with DMD and control participants 

Dependent variables 
DMD 

n=16 

Control 

n=13 

Age -0.201 0.748
*
 

Weight z-score 0.080 0.130 

Height z-score -0.005 0.225 

BMI z-score 0.087 0.027 

Total steps/day 0.776
*
 0.031 

Inactivity (minutes/day) -0.803
**

 -0.323 

Time spent in low activity (minutes/day) 0.804
**

 0.514 

Time spent in medium activity (minutes/day) 0.701
*
 -0.225 

Time spent in high activity (minutes/day) 0.723
*
 0.134 

Independent variable: distance walked in a six minute walk test. Pearson‟s correlation 

coefficient presented. * p<0.005, ** p<0.0005.  
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Figure 4-5 Inverse relationship between six minute walk distance and inactivity 

(minutes/day) measured by StepWatch™ activity monitoring in boys with DMD and 

control participants 

The blue squares represent boys with DMD; green squares represent control participants.  
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4.4.2 Energy Intake 

The physical characteristics and energy expenditure data of fourteen boys diagnosed with 

DMD are summarised in Table 4-3. All children attended regular school. Thirteen of the boys 

were receiving GCS treatment (prednisolone, n=12, 0.12- 0.65 mg/kg/day or deflazacort, n=1, 

0.83mg/kg/day). All boys with DMD were able to ambulate independently although three 

boys used a motorised chair regularly. Similar anthropometric trends were observed in this 

cohort. The mean z-score for height indicated that the group was short for their age whilst the 

mean z-score for weight was within a healthy range (Box 2); the mean BMI z-score reflects 

the disparity between height and weight.  

Table 4-3 Physical characteristics and energy expenditure in boys with DMD 

Characteristic 
DMD 

n=14 

Age (years) 8.4 ± 1.9 

Weight z-score 0.69 ± 1.21  

Height z-score -1.38 ± 1.25  

BMI z-score 1.54 ± 0.89  

Measured total energy expenditure (kJ/day) 7400 ± 1100  

Estimated energy intake (kJ/day) 6900 ± 1100  

Data presented at mean ± SD. BMI body mass index 

 

Food diaries were completed by parents concurrently with measures of TEE for all fourteen 

boys. There was no difference between mean estimated energy intake and mean daily TEE (p 

= 0.196, 95% CI -306 to 1419 kJ). Using Bland Altman analysis, the bias between TEE and 

estimated energy intake was 556 ± 1627 kJ; 95% limits of agreement 3745 kJ to -2632 kJ 

(Figure 4-6). The correlation of the difference and the mean of the two measures was close to 

zero (r = 0.04) suggesting that the bias was consistent across a range of energy intakes values 

despite a wide variance. 
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Figure 4-6 Bland Altman plot of the difference of estimated energy intake and total 

energy expenditure plotted against the mean of the two measures  

eEI estimated energy intake; TEE total energy expenditure. The black line represents the 

mean bias between the two measures; dotted lines represent the 95% limits of agreement. 
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4.5 Discussion 

The functional outcome measures investigated proved to be sensitive to identifying a 

decreased capacity for ambulation in boys with DMD when compared to healthy controls. 

StepWatch™ activity monitoring demonstrated that boys with DMD in a community setting, 

were less active, took fewer steps and spent less time at high activity. Interestingly, there was 

no difference between time spent at low and medium activity suggesting that the intensity of 

activity is an important consideration. Step activity monitoring has been investigated 

previously by two studies in DMD, where similar results were observed (256, 270). 

Specifically, when compared to a control cohort, boys with DMD had significantly more 

inactive minutes and took significantly less steps; however, a difference between time spent at 

medium activity was identified between boys with DMD and the control group in both 

studies. Longitudinal data from StepWatch™ data is currently lacking and would provide 

greater emphasis to these observed differences.  

 

The StepWatch™ is a relatively new assessment tool, and as such literature on its use in 

paediatric populations is limited. The only evidence of reliability of the device exists in a 

Duchenne study (270, 271); test-retest correlation was high in this population (r=0.73-0.81). 

Validity of the StepWatch™ monitor was investigated in a sample of 6-20 year old healthy 

children (272). During a 10-min walk, the monitor had an agreement of almost 100% with 

observed steps and was moderately correlated with heart rate in a community setting (r=0.49). 

Control data obtained in this investigation (total steps/day 7239 ± 2621) was similar to values 

in the literature (7604 ± 2485 (273) and 7001 ± 580 (272)). 

 

Compared to other physical activity measures, accelerometers such as the StepWatch™ 

monitor, offer a unique ability to predict energy expenditure as they are worn consistently for 

several days at a time. Two studies explored the potential of accelerometers in predicting 
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energy expenditure (274, 275). In both studies VO2, which is the standard for determining 

energy expenditure during activity, was used as a surrogate measure of metabolic activity. 

Janz et al (274) evaluated the validity of an accelerometer for estimating energy expenditure 

in nine children and adolescents with cystic fibrosis. The mean validity correlation between 

calorie expenditure from the accelerometer and from VO2 was 0.84 for treadmill walking and 

0.97 for stair stepping. More recently, Norman (275) reported on the validity of the 

accelerometer in predicting absolute VO2 in five subjects with spastic diplegia cerebral palsy. 

No significant differences were reported between the mean caloric expenditure estimated by 

accelerometers and by gas analysis unit VO2 (p=0.62). Whilst these preliminary data require 

further investigation, using accelerometers as a surrogate measure for caloric expenditure may 

provide a reasonable means for estimating energy expenditure in boys with DMD, where little 

is known regarding energy metabolism. Concurrent measurement of TEE and community 

ambulation using StepWatch™ activity monitoring in boys with DMD would provide 

valuable data.   

 

The second functional measure investigated, the 6MWT, also revealed significant differences 

between the DMD and control participants. On average, boys with DMD walked over 200 

meters less than the control group in the six minute time frame. Since collection of these data, 

several papers have been published supporting the use 6MWT as an outcome measure in boys 

with DMD. Reliability of the 6MWT was assessed as high by two groups (253, 254). Also, 

longitudinal data demonstrates that the test is sensitive to functional deterioration in DMD 

over time, with distance walked over six minutes decreasing in a twelve month period by an 

average of 57 metres in boys 4-12 years old (255); and 26 metres in young males aged 4-17 

years old (276). However, the changes over time in this parameter were quite variable, with 

younger boys showing improvements in the test over the 12 month period. To account for this 

limitation, Henricson et al. very recently explored the use of percentage predicted six minute 
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walk distance in boys with DMD (277). Using an age- and height-based equation from 

normative data, the group showed that younger boys with DMD, instead of improving in the 

6MWT, were rather stable at 80% of that of their typically developing peers. The 6MWT is 

now used as the primary outcome measure in Phase 2 clinical trials investigating gene-related 

therapies for DMD (ataluren and exon skipping) (51, 56). In these clinical trials, a difference 

of 30m in distance walked is deemed clinically significant.  

 

StepWatch™ activity monitoring has also been used alongside the 6MWT in Phase 2b trials 

of ataluren (PTC124®). Data from pre-treatment evaluations was used to explore the 

relationship between six minute walk distance and total steps/day (270). A moderate 

correlation (r=0.53) was revealed between the two outcomes. This relationship was weaker 

than that elucidated in this cohort (r=0.776). Strong, significant relationships were observed 

across all StepWatch™ parameters and six minute walk distance (Table 4-2), indicating that 

the 6MWT could be used as measure for absolute functional capacity, and also as a surrogate 

measure of community ambulation. This is the first study to show such strong relationships 

between these two functional outcomes.  

 

In boys with DMD, it is often suggested that extra weight increases the burden on already 

weak muscles. Interestingly, there was no relationship between anthropometric measures and 

six minute walk distance or StepWatch™ variables in this cohort. This is in line with findings 

in Chapter 2, whereby BMI had little influence on age at LOA. These anthropometric 

variables most likely do not reflect body composition and one could assume a relationship 

would exist between functional outcome measures and lean or fat mass. Accordingly, 

McDonald et al. identified an inverse relationship between total steps/day and percentage 

body fat from DXA (r=-0.67); and in contrast to this study, a negative relationship between 

total steps/day and BMI (r=-0.52) (256). There was no relationship between age and 
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functional measures in the DMD cohort. This is most likely reflective of the heterogeneity in 

clinical decline in Duchenne. Conversely, the strong relationship between age and six minute 

walk distance in control participants is likely to be indicative of improvements associated 

with growth, development and maturation (277). 

 

Accurate information on dietary intake is somewhat rare but extremely valuable. There are 

few valid methods available to assess intake. Stable isotopes, as used in this study, are 

considered to be the gold standard reference method for validation of measurements of energy 

intake. Due to the cost associated with this method and the complexities of analysing DLW, it 

remains impractical to use DLW routinely in a clinical setting (278). Under-reporting is the 

main bias that interferes with the food intake data obtained from food records, and in children 

this has been noted to be as high as 30% less than actual intake (278, 279).  This study 

demonstrated that TEE was similar to estimated energy intake from parental-report food 

diaries in boys with DMD. Furthermore, consistent under or over reporting was not evident. 

Unlike previous work in children, there was no trend for under reporting to occur among the 

heaviest children and mis-reporting was not linked to weight status (280). Parents of boys 

with DMD may be more aware of their child‟s eating behaviours, as weight gain in boys with 

DMD is a particular parental concern (105). Although energy intake and energy expenditure 

were measured concurrently, they perhaps are not directly comparable because of the duration 

of data collection (three days vs. ten days). However, these findings are indicative that parents 

were reasonably accurate at reporting their child‟s intake over a short period of time. The use 

of parental reported diaries for the estimation of energy intake values in boys with DMD may 

prove advantageous for understanding energy requirements.   

 

Data on energy intake of boys with DMD treated with GCS is sparse. It is speculated that 

boys consume excessive dietary energy as result of increased appetite when taking GCS. 
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Also, because of the burden of chronic illness on the child, there may be relaxed restriction of 

provision of energy dense foods by parents. On average, boys in this study were consuming 

6,900 kJ/day. As this is by no means excessive, metabolism of dietary energy may indeed be 

altered in DMD. Despite these complexities, there is very little evidence about energy needs 

available to inform dietetic management. This is largely due to study design, in which resting 

energy expenditure instead of total energy expenditure has been explored (Chapter 1). This 

study is also the first to examine the validity of food diaries for the estimation of energy 

intake in boys with DMD. The use of simple parent-report tools such as those described here 

can inform dietetic practice and enable anticipatory guidance to be given to the family to try 

and prevent obesity by manipulation of energy balance using dietary intake.  

 

The three day food diaries will be used to assess dietary changes across the course of a 

nutrient intervention (Chapter 5). An example of the diary is included in Appendix 20. Parents 

will be asked to record all food and drink provided to their child together with the amount 

consumed. Food diaries are appropriate tools to assess energy and macro and micro intake in 

children (264). The practical considerations for using food diaries are presented in Figure 4-7. 

 

 

Figure 4-7 Practical considerations for using food diaries  

L: low; H: high. Figure obtained from The Australasian Child and Adolescent Obesity 

Research Network (264).  
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4.6 Summary 

This chapter presents data and literature to support the outcome measures used in the 

randomised control trial described next. Specifically, both StepWatch™ activity monitoring, 

and the 6MWT were sensitive to differences in ambulatory capacity in boys with DMD 

compared to control participants. Of interest, StepWatch™ parameters correlated strongly 

with six minute walk distance, indicating that the later could potentially be used as a surrogate 

measure for community ambulation. Furthermore, self-reported energy intake using food 

diaries was similar to TEE determined with DLW in boys with DMD. These food diaries will 

be used to assess changes in energy and protein intake over the course of the dietary 

intervention.  
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5 Nutriceuticals in Duchenne muscular dystrophy 

 

A pilot randomised controlled trial of a multi-

component nutritional supplement 

 

 

The full trial protocol is provided on the accompanying CD. 
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5.1 Introduction 

There are currently no curative therapies that halt or reverse muscle weakness in DMD, so 

care is designed on the principles of prevent and/or manage complications. Although the use 

of GCS as best practice in DMD has been previously highlighted; GCS only ameliorate the 

manifestations of DMD and slow the progression of muscle weakness and do not address its 

underlying cause (37). Their use is also associated with significant and debilitating side 

effects such as excessive weight gain, cushingoid features, osteopaenia, delayed puberty, 

hirsutism, glucose intolerance, cataracts and behavioural changes, which can be of sufficient 

concern to cause their withdrawal (35, 42, 45). Understandably, parents sometimes seek 

remedies in complementary medicines, often incurring great expense but without proven 

efficacy. In a survey conducted across four neuromuscular centres, 80% of parents reported 

“ever” using complementary and alternative medicines for their affected child (281). 

Nutritional interventions could provide a better, simple, acceptable and cost-effective strategy 

to maintain muscle function and mobility and enhance quality of life for males with DMD. As 

demonstrated in Chapter 1, a lack of consistent high-quality evidence exists to support 

nutriceutical use. This study aims to address this gap utilising a rigorous study design - a 

double blind randomised controlled cross-over trial to provide Oxford Centre for Evidence-

based Medicine level 2 evidence of efficacy (1). It has a translational approach in that it takes 

interventions previously shown to be effective in the mdx mouse model into a human 

intervention study. Functional measures tested in Chapter 4 are used as outcomes because this 

is important at a practical level for families. Here, the results of a pilot study are presented, 

together with research plans for the multicentre trial which commenced in 2012.  
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5.2 Background 

The supplement regimens used in this pilot study are indicated in Box 5. The components in 

this novel nutritional supplement have been chosen for investigation due to evidence of their 

potential benefit to muscle function in the mdx mouse model of DMD and they have been 

shown to be safe in humans. The most promising is creatine monohydrate (CrM), an amino 

acid derivative found in muscle which acts to store energy in the form of the high energy 

phosphate bond of phosphocreatine ready for immediate use in the ATP-ADP reaction (45). 

In healthy subjects, supplementation with CrM results in an increase in creatine and 

phosphocreatine concentrations in skeletal muscle; and this increase is greater for individuals 

with lower endogenous stores of both components (282). It has been demonstrated that 

subjects with neuromuscular conditions have lower creatine and phosphocreatine 

concentrations in skeletal muscle when compared to healthy controls (283). Because of this, 

CrM supplementation may have potential to enhance performance in people with 

neuromuscular disorders (118). 

 

Standard Supplement Regimen 

Protein shake, kids multivitamin, vitamin D, and fish oil 

Enhanced Supplement Regimen  

Protein shake, kids multivitamin, vitamin D, fish oil plus creatine monohydrate (CrM), 

glutamine and β-hydroxy-β-methylbutyrate (HMB) 

Box 5 Supplement regimens used in the pilot study 

Further details on supplements provided in Table 5-1. 

 

Several studies have supported the use of CrM for increasing athletic performance and 

strength in healthy populations (119). Also, four previous RCTs, summarised in a Cochrane 

review (118), concluded that short- and medium-term CrM treatment is well tolerated and 

improves muscle strength in people with neuromuscular diseases. All bar one of these studies 
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were conducted in steroid-naïve males with DMD (122). In 138 participants treated with 

CrM, there was a significant increase in maximum voluntary contraction and lean body mass 

in the CrM group compared to placebo. CrM doses given to boys in these trials were 5g/day 

(120), 3g/day (121), 100 mg/kg/day (122) and 5g/day
 
(123). Of interest was the additional 

effect on bone health. CrM treatment increased bone mineral density by 3% (121), and also 

reduced levels of N-telopeptides, a marker of bone degradation (122). A CrM dose of 5g/day 

was used in this study as it has proven to be efficacious in the DMD population without any 

adverse effects. Although published data on CrM toxicity was not located, a risk assessment 

concluded that the evidence of safety is strong at intakes of up to 5g/day for chronic 

supplementation (284). Numerous review articles have also found that few adverse effects are 

associated with CrM supplementation (285-289).  

 

The second nutriceutical chosen is glutamine, the most abundant amino acid in the body 

(290). Although glutamine has multiple functions, of interest is its role in protein synthesis. In 

animals, protein synthesis is correlated with intramuscular glutamine concentrations (291). In 

addition, provision of glutamine produces an anabolic effect in healthy humans (128). 

Glutamine may also be used for a fuel substrate. In both the liver and muscle tissue, glutamine 

is an effective amino acid for enhancing glycogen formation (292). Glutamine is converted to 

glucose in the tricarboxylic acid cycle (citric acid cycle) via conversion to glutamate and then 

α-ketoglutarate (Figure 5-1). 

 

In boys with DMD, low levels of intramuscular glutamine have been documented  and early 

supplementation studies concluded that glutamine may have a protein-sparing effect, 

decreasing estimated whole body protein degradation (130, 132, 293). These results led to the 

initiation of two clinical trials. Although the first of these trials was unable to demonstrate a 

significant effect of glutamine supplementation on manual and quantitative measurements of 
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muscle strength, a disease-modifying effect of glutamine in younger patients with dystrophies 

could not be excluded because the placebo group did not decline as predicted (120). More 

recently, Mok et al. documented a lack of functional benefit with glutamine versus a placebo 

in a group of boys with DMD (133).  This study utilised a double blind, randomised crossover 

trial with two intervention periods: glutamine and placebo for four months each with a one 

month washout. The primary outcome measure used by the authors to assess functional ability 

was unusual – change in walking speed from a two minute walk test. Of the 30 boys recruited 

for the trial (aged 2 to 10 years), only five boys were being treated with GCS. Interestingly, a 

subgroup analysis revealed a significant effect of glutamine on functional measures in boys 

taking GCS, indicating a possible synergistic action.  

 

The glutamine doses administered in these previous studies (0.6g/kg/day and 0.5g/kg/day, 

respectively) were safe and well tolerated, with no subjects withdrawing from the trials. In the 

pilot study described here, glutamine was dosed at 0.6g/kg of lean mass/day as measured 

using DXA. Glutamine is a non-essential amino acid that is mainly produced and stored in 

skeletal muscle (133). It is therefore reasonable to presume that the glutamine dose can be 

based on lean mass as opposed to body weight. The practical implications of this included 

reduced cost and improved palatability of the supplement. No reports of adverse events have 

been documented at doses of 0.6g/kg/day and 0.5g/kg/day in boys with DMD (120, 133). A 

thirteen week oral toxicity study of L-Glutamine in rats (294) estimated the „no observed 

adverse effect level‟ at 1.25% of standard diet; equating to 0.83g/kg/day and 0.96g/kg/day for 

males and females, respectively. Similarly, a risk assessment of glutamine determined a 

conservative estimate of the observed safe level at 14g/day (295).  

 

β-hydroxy-β-methylbutyrate (HMB), the third nutriceutical, is a metabolite of the amino acid 

leucine. Both leucine and its primary metabolite, α-ketoisocaproate, are known to be potent 
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anti-catabolic compounds (296). Other branched chain amino acids have been unable to 

achieve similar effects, suggesting that either α-ketoisocaproate or HMB are producing the 

anti-catabolic effects (297). From α-ketoisocaproate there are two main pathways of 

metabolism (Figure 5-1). The majority of α-ketoisocaproate will be converted to isovaleryl-

CoA and eventually to acetyl-CoA; whilst approximately 5% will be converted to HMB 

(298). Based on this estimate, an individual would need to consume 60g of leucine to achieve 

a 3g dose of HMB (the common dose used in studies)(299). HMB can then be directed to 

cholesterol synthesis via β-hydroxy-β-methylglutaryl-CoA (HMG-CoA) (300).  

 

Figure 5-1 Pathways of metabolism for β-hydroxy-β-methylbutyrate and glutamine 

Modified from Zanchi et al. and Stumvoll et al. (292, 300) 

Leucine 

α-Ketoisocaproate Isovaleryl-CoA 

Acetyl-CoA Acetoacetate Acetoacetyl-CoA 

β-hydroxy-β-methylbutyrate 

HMG-CoA 

Cholesterol 

Mevalonate 

α-Ketoglutarate Glutamate Glutamine 

Tricarboxylic 

Acid Cycle 

Glucose 



158 

 

The proposed mechanisms of action of HMB are summarised by Wilson et al. (299). The first 

of these is related to stabilisation of the sarcolemma as described by the „Cholesterol 

Synthesis Hypothesis‟. This hypothesis purports that a damaged muscle is unable to produce 

sufficient cholesterol for various cell functions including sarcolemmal integrity (301). By 

increasing intramuscular HMB, the available substrate for conversion to cholesterol is also 

increased and this assists to stabilise the muscle cell wall. This mechanism of action is 

particularly pertinent given the aetiology of DMD where the sarcolemma is compromised due 

to the lack of dystrophin. It is also proposed that HMB can increase both performance of 

muscle and its rate of repair. This is through a combination of enhanced protein synthesis via 

the mTOR pathway (mammalian target of rapamysin pathway) and depression of protein 

degradation via the ubiquitin proteasome dependant pathway. These mechanisms are not yet 

fully understood. HMB has been shown to be effective for increasing fat-free mass in people 

with HIV (139), in cancer-related wasting (302), in the elderly (303), and in untrained males 

(304). Although HMB has not yet been tested in DMD, it was well tolerated in the above 

studies in humans and in studies using the mdx mouse (125).  

 

The HMB dose used in this pilot study was 38mg/kg/day. The vast majority of studies 

investigating HMB use a dose of 3g/day, however all of these studies are in adults with body 

weights ranging from approximately 65kg to >100kg. Gallagher et al. determined that the 

3g/day dose equates to 38mg/kg/day (304). Study participants randomly assigned to the 

38mg/kg/day dose exhibited a significantly greater increase in fat free mass compared to 

participants assigned to 0g/day or 76mg/kg/day (~6g/day). Objective data indicate that 3g/day 

of HMB can be taken safely as an ergogenic aid for exercise (305). In addition, a 13 week 

dietary toxicity study of the calcium salt of HMB (CaHMB) in rats determined the „no 

observed adverse effect level‟ at 5% CaHMB mixed with diet; 3.49g/kg/day and 4.16g/kg/day 

for males and females, respectively (306). 
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There is evidence to support the use of combined nutriceutical supplementation together with 

GCS treatment to increase the positive effect on muscle function. Using the mdx mouse, 

Payne et al. tested several compounds (CrM, conjugated linoleic acid, α-lipoic acid and 

HMB) in combination with GCS (prednisolone), which provided the most consistent evidence 

of efficacy than any single component alone; an increase in peak grip strength and decrease in 

grip strength fatigue was demonstrated (125). Similar complementary or synergistic effects 

have been reported between prednisone and CrM treatment in vitro (307). In combination, 

these data provide biological plausibility and preliminary evidence for the potential benefit of 

nutriceuticals as an „add on‟ therapy to GCS in the treatment of DMD.  

 

The synergy of the combined nutriceuticals (CrM, glutamine and HMB) may also increase the 

energy potential of the muscle. Essentially, a working muscle has four sources of energy: 

phosphocreatine which reacts with ADP to form ATP; glucose from glycogen stores in the 

muscle; glucose from glycogen stores in the liver; and aerobic metabolism via the 

mitochondria (308). CrM may increase the intramuscular concentration of creatine and 

phosphocreatine; glutamine may contribute to glycogen stores; and both glutamine and HMB 

may increase substrate available for energy production via metabolic pathways involving the 

tricarboxylic acid cycle (Figure 5-1).  

 

There has been little investigation into the macronutrient and micronutrient requirements of 

boys with DMD. Dietary protein needs in this population are of obvious interest, but the use 

of high-protein supplements has not yet been investigated. Whey protein isolate was chosen 

for use because of its high protein quality score and its relatively high proportion of branched 

chain amino acids (26%, leucine, isoleucine and valine) (309). Moore et al. determined that 

the dose response to dietary protein ingestion was maximally stimulated at 20 g, and hence 

this dose (20g protein/day) was used in the study (310).  
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Since the advent of GCS therapy, the micronutrients that require immediate attention are 

vitamin D and calcium; however, few other micronutrients have been explored. As discussed 

in Chapter 3, low levels of serum 25(OH)D have been documented in our own studies and 

those of others (66). Based on the calculated vitamin D supplementation requirement of a 

patient using GCS, a dose of 2000 IU/day has been used as a component of this novel 

nutritional supplement.  

 

In summary, these nutriceuticals were chosen for investigation because of their proven 

efficacy in increasing sports performance in healthy individuals, increasing lean body mass in 

both healthy individuals and those with suboptimal nutritional status, and because of the 

benefits observed in the mdx mouse model and early clinical trials in Duchenne populations. 

There is also evidence to suggest that nutriceuticals may work in a synergistic manner with 

GCS, the use of which are now best practice.  
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5.3 Aims and hypothesis 

Our overarching aim was to keep these boys with DMD independently mobile for as long as 

possible. Specifically, we aimed to test the efficacy of a standard nutritional supplement in 

comparison to one enhanced with three nutriceuticals (CrM, glutamine, and HMB) in 

maintaining or improving community ambulation as measured by the StepWatch™ activity 

monitor in boys with DMD. Secondary objectives tested were the impact of the supplement 

regimens on functional ability as measured by the 6MWT, body composition (using DXA), 

and quality of life. 

 

5.3.1 Hypothesis to be tested 

That:  „A standard nutritional supplement enhanced with  three nutriceuticals (CrM, glutamine 

and HMB) consumed for 20 weeks will maintain or reduce inactive time (minutes) as 

measured by the StepWatch™ activity monitor in boys with DMD when compared to a 

standard nutritional supplement‟.  

  



162 

 

Baseline measures 

Supplementation 

Washout 

Supplementation 

Week 0 

Week 8 

Week 28 

Week 30 

Week 50 

5.4 Methods 

5.4.1 Study design 

This was a single centre, double blind, randomised (1:1), controlled cross over trial conducted 

at   The Royal Children‟s Hospital, Melbourne, Australia during 2011. The 50 week trial 

period incorporated an eight week lead in period and a two week washout between treatments. 

The study design is illustrated in Figure 5-2. By utilizing a cross-over design, the study was 

able to determine whether the standard nutritional supplement is effective alone and if an 

improved response is obtained with additional dietary supplementation of the active 

nutriceuticals CrM, glutamine and HMB.  

 

 

 

Figure 5-2 Study design 

Randomisation 

Recruitment 

Baseline measures 

Group A  

Standard 

Enhanced 

Group B  

Enhanced 

Standard 
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5.4.2 Participants 

Participants were recruited through the neuromuscular clinic at The Royal Children‟s 

Hospital, Melbourne. Eligible participants were boys aged 5 to 13 years with a definite 

diagnosis of DMD and sufficiently ambulatory to walk ≥75 metres unassisted during a 

6MWT. Exclusion criteria were: personal assistance required to aid walking or assistive 

devices (short leg braces, long leg braces) or use of a wheelchair/motorised scooter/similar 

mobility aid for >75 % of activity during the day; cow‟s milk protein allergy or lactose 

intolerance; history of kidney or liver disease; inability to attend the seven required hospital 

appointments within the 12 month period; inability to swallow tablets; parents wishing to 

continue using any complementary therapies (including other nutritional supplements); 

participation in other muscular dystrophy trials involving an active intervention; and use of 

medications which are contraindicated due to possible drug interactions. Eligible children 

were identified and their families approached initially by the neuromuscular clinic coordinator 

(Daniella Villano). The recruitment process together with the blinding process (Section 5.4.3) 

is summarised in Figure 5-3.  

 

The trial protocol (included on attached CD) was approved by The Royal Children‟s Hospital 

and Monash University Human Research Ethics Committees (HREC# 30022 and 

2010001692, respectively, Appendix 11 and Appendix 12). Informed consent was obtained 

from parents or guardians. The parent/guardian information sheet and consent from are 

provided in Appendix 13. A collaborative research group clinical trial agreement was 

prepared and executed by Monash University and The Royal Children‟s Hospital. The trial 

was registered with Australian New Zealand Clinical Trials Registry 

(#ACTRN12610000462088) and a clinical trial notification was submitted to the Therapeutic 

Goods Administration (Trial Number 2010/0561).
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Figure 5-3 Flow diagram summarising the recruitment and blinding process  

Neuromuscular clinic coordinator (Daniella Villano); research dietitian (ZD); statistician (Dr 

Ian Hughes); chief investigator (Helen Truby); research assistant (Deanna Pattieson).

Families approached by the neuromuscular clinic coordinator, and asked if they are 
interested in receiving further information.  

The family was provided with the full information sheet and consent forms by the research 
dietitian.  

A screening number was allocated and the child was screened against full inclusion and 
exclusion criteria by the research dietitian. 

The research dietitian provisionally entered the child into the study, ensuring that all 
requirements of participation were understood. 

The child was allocated a unique code for randomisation by the research dietitian, and now 
was formally a study participant.  

The child completed the baseline assessment with the reserach dietitian.  

The research dietitian calculated the required supplement doses for the enhanced and 
standard regimes using baseline data (DXA and weight). Recipes were provided to the 

chief investigator.  

The research dietitian provided the statistician with the unique code so the child could be 
randomised to Group A or B.  

The statistician communicated the treatment allocation to the chief investigator. 

The chief investigator selected the appropriate recipe and provided the recipe to the 
research assistant who produced the supplement.  

The research dietitian collected the prepared supplements from the research assistant.  

Family interested 

Child eligible 

Family wished to participate 

Consent obtained 
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5.4.3 Blinding  

The blinding process is summarised in Figure 5-3. Although the research dietitian calculated 

the required formulation for each supplement regimen, there was no involvement with 

treatment allocation so this remained concealed. Study specific recipe forms were developed 

to assist with this process (Appendix 21). A research assistant (Deanna Pattieson), who had no 

contact with participants, prepared the shakes and HMB tablets in a formula room at Monash 

University in accordance with the allocated recipe.  

 

Recipes were recalculated during the washout period using weight and DXA measures from 

week 28 by the study dietitian for the second supplementation phase (both standard and 

enhanced). These were provided to the chief investigator who selected the appropriate recipe 

and provided this to the research assistant for production of the supplements.  

 

5.4.4  Supplements  

The individual components of the supplement regimens are summarised in Table 5-1. 

Products were purchased at cost from Blackmores (Blackmores Australia, Warriewood, 

NSW) and Musashi (Nestlé Australia Ltd, Melbourne, VIC). Successful prototypes, 

acceptable in taste and indistinguishable from each other, for the standard and enhanced shake 

were developed prior to commencement of the trial. Splenda® (Johnson & Johnson Pacific 

Pty Ltd, Broadway, NSW) (sucralose) and maltodextrin were added to both shakes in order to 

mask the active ingredients, and so to reduce the caloric difference between the two shakes. 

The short half-life of the nutriceuticals requires a daily intake and the HMB was encapsulated 

due to taste. The estimated half-life of the nutriceuticals are: CrM 20 – 172 minutes (311); 

glutamine (containing dipeptides) < 3mins in healthy volunteers and < 10 minutes in intensive 

care patients (312); and HMB approximately 2 h and 3 h in pigs and sheep, respectively 

(304).  Each supplement regimen was consumed for 20 weeks. The supplements (shakes and 
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tablets) were dispensed by the research dietitian (ZD) during study visits at week 8, 12, 28, 

30, and 34. At week 20 and week 42 supplements were delivered to the participant‟s home. 

The glutamine dose was calculated on lean mass as measured by DXA at week 0 and week 

28. Similarly, the HMB dose was based on body weight measurements at week 0 and week 

28. All supplements were labelled and accounted for by the study dietitian (ZD). Figure 5-4 

presents photographs of the shakes as they would be dispensed to study participants, and 

Figure 5-5 illustrates the different capsules used.  Subject compliance was measured by 

unused shake sachets and capsules returned at weeks 12, 20, 28, 30, 34, 42 and 50.  

 

5.4.5 Dietary prescription to support supplementation 

All participants were provided with individually tailored dietary advice by the study dietitian 

(ZD) on how to incorporate the shake into their habitual diet in order to maintain an adequate 

energy intake. Food diaries completed at baseline were analysed using FoodWorks v 6.0 

nutritional analysis software (Xyris Software, Brisbane, Australia, 2009) so that individual 

recommendations could be provided. Where possible, the shake was incorporated at a time 

when the child would usually consume milk. Alternatively, the shake was recommended as a 

meal replacement (breakfast) for boys who had difficulty with weight management prior to 

study involvement. Most of the advice provided to ensure energy balance was constructed 

around the theme of reducing calorie dense liquids (juice, soft drink, or cordial). Families 

were also educated to maintain their „usual‟ intake of protein foods (especially diary and 

meat/meat alternatives) so that the protein received in the shake was additional to „usual‟ 

intake. Dietary recommendations were reviewed at each visit in relation to weight gain and 

further guidance provided to ensure weight gain was appropriate for growth and development 

needs.   
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Table 5-1 Supplement regimens 

 
Standard Supplement 

(daily dose) 

Enhanced Supplement 

(daily dose) 

Route of 

Administration 

Shake  

Whey protein 

isolate 
22g (20g protein) 22g (20g protein) 

Powder added to 

skim milk to make 

a shake. 

Creatine 

monohydrate 
0g 5g 

Powder added to 

protein shake 

Glutamine 0g 

0.6g/kg fat free 

mass/day rounded up to 

nearest 0.5g 

Powder added to 

protein shake 

Placebo 

(maltodextrin) 
16g 8g 

Powder added to 

protein shake 

Splenda® 5g 5g 
Powder added to 

protein shake 

Tablets  

Kids Multi 

Blackmores  

5-6 years –1 capsules 

7-12 years – 2 capsules 

5-6 years –1 capsules 

7-12 years – 2 capsules 
Chewable capsule 

Vitamin D3 

Blackmores  
2000 IU (2 capsules) 2000 IU (2 capsules) Capsule 

Kids Fruity 

Fishies™ 

Blackmores  

1050mg Omega 3 

triglycerides 

(2 capsules) 

1050mg Omega 3 

triglycerides 

(2 capsules) 

Chewable capsule 

HMB 0  

38mg/kg/day rounded 

up to nearest 500mg 

(1-3 capsules)  

Capsules 

Placebo capsules 

(maltodextrin) 

38mg/kg/day rounded 

up to nearest 500mg 

(1-3 capsules) 

0 Capsules 

Energy  648 kJ 518 kJ  

With skim milk 1017kJ 887kJ  
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Figure 5-4 Protein shakes  

Shake A is the standard shake; Shake B is the enhanced shake and contains CrM and 

glutamine. 

 

 

Figure 5-5 Capsules 

Capsule A: HMB or placebo capsules (filled with maltodextrin); Capsule B: Kids Fruity 

Fishies™, Blackmores; Capsule C: Kids Multi, Blackmores; D: Vitamin D3, Blackmores. 

A B 

A B C D 
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5.4.6 Outcome measures 

All study assessments occurred at the Royal Children‟s Hospital, Melbourne. Chapter 4 

details the functional outcome methods used to assess change in this study. Inactive 

minutes/day as measured by StepWatch™ activity monitoring was the primary outcome 

measure in this supplement trial. Secondary outcome measures were the 6MWT; lean body 

mass as measured by DXA; serum 25(OH)D concentrations; the ACTIVLIM questionnaire 

(Appendix 22); and quality of life. DXA scans have been used by several authors to assess 

body composition in boys with DMD (66, 68, 88). The ACTIVLIM survey is a self-reported 

scale of activity limitations. The survey was recently developed and validated using the Rasch 

model and demonstrated a good sensitivity to change which is useful in a research setting 

(313-315). A score is obtained between zero and 36 with 36 being no activity limitations. The 

raw score is then converted to logits; a score of zero equates to  

-6.869 logits, and a score of 36 equates to 6.571 logits.  

 

Quality of life was measured using the age-appropriate general and neuromuscular Peds QL 

questionnaires, a well-validated tool for children with chronic disease (316). Parents 

responded on a scale of zero („never‟) to four („almost always‟). The questionnaire was then 

reversed scored as follows: 0=100, 1=75, 2=50, 3=25, and 4=0. An average score across all 

questions was then generated with a score of 100 indicating the highest quality of life. An 

example of both the general and neuromuscular Peds QL for an 8-12 year old child is 

presented in Appendix 23. Parents completed all the surveys and questionnaires on behalf of 

their child. 

 

The primary outcome, StepWatch™ activity monitoring, and secondary outcome measures 

were assessed at weeks 0, week 8, 28, 30, and week 50 (6MWT, Peds QL questionnaire, 

ACTIVLIM questionnaire, height and weight, blood test for analysis of 25(OH)D and 
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electrolytes and liver function tests, and a three day food record). The StepWatch™ monitor 

was worn for five continuous days. A total body DXA scan was conducted at week 0, week 

28, and week 50. All assessments were conducted by trained health professionals (dietitian 

(ZD), physiotherapists, radiographers, and phlebotomists) blinded to group allocation. Safety 

assessments (biochemistry and medical examination) occurred at weeks 12 and 34. Medical 

examinations were conducted by paediatric neurologists.  

 

5.4.7 Participant feedback  

Feedback from participants regarding the supplement regimens was collected at the final 

study visit (week 50) using a brief questionnaire (Appendix 24). Participants completed the 

form with the assistance of their parent/guardian. Using a child-friendly Leichardt scale, the 

questionnaire asked participants to identify their perception of the taste, mouth-feel, and 

appearance of shakes; a response of „1‟ indicated „yuk‟, „3‟ indicted „ok‟, and „5‟ indicated 

„yum‟. Participants were also asked about the ease of taking the shakes and tablets daily; a 

response of „1‟ indicated very hard, „3‟ indicated „ok‟, and „5‟ indicated „very easy‟. Finally, 

participants were asked if they could detect a difference between the two supplement 

regimens, and if so, which regimen they preferred. A general comments section was provided 

at the conclusion of the questionnaire.  

 

5.4.8 Statistical analysis 

Food diaries were analysed using FoodWorks v 6.0 nutritional analysis software (Xyris 

Software, Brisbane, Australia, 2009) based on Australian food composition tables from 

NUTTAB 2006 and AUSNUT 2007. Nutritional information for food and drink items not 

present in these databases were located on the Calorie King Australia website (265). All 

diaries were entered by a trained dietitian (Nicola Abel), who maintained a standard list of 

assumptions throughout the entry process.  New foods were created to enable entry of the 
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protein shake, multivitamin, fish oil and vitamin D. Energy requirements were estimated 

using the Schofield weight only equation and a physical activity level of 1.4 (317). Our recent 

publication demonstrates that this equation is the most accurate and precise for predicting 

REE in boys with DMD (Appendix 2) (62). Micronutrient intake was assessed individually as 

the proportion of the recommended dietary intake or adequate intake achieved. Age 

appropriate nutrient reference values were utilised (318). 

 

From collected anthropometry data, BMI (weight (kg)/height (m)
2
) was calculated. Weight, 

height and BMI z-scores were determined using the CDC reference values for children (157). 

With a small sample size, it is difficult to assess normality, so data from the pilot study are 

presented as median (interquartile range (IQR)) to best demonstrate the spread of 

observations. The Freidman Test for repeated measures was used to explore the change in 

25(OH)D and dietary intake over the study period. Statistical analysis was not performed on 

the remaining pilot data due to the small sample size and large variation in measures. Analysis 

would be inappropriate as the pilot study is not adequately powered to detect change. A 

detailed plan for statistical analysis in the multicentre, powered study is summarised in 

section 5.6. The statistical package used in this analysis was SPSS, Version 18.0 (SPSS Inc., 

Chicago, IL).  
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5.5 Results 

5.5.1 Participants 

Recruitment occurred between December 2010 and March 2011. Initial assessments 

commenced in January 2011, and the last assessment was conducted in February 2012.  

Participant flow is summarised in Figure 5-6. Families responded enthusiastically to 

recruitment. Of the twelve families provided with information, three declined to participate 

(unsuitable timing for family n=2, wished to continue current nutritional supplements n=1), 

and one boy did not meet the eligibility criteria because he was unable to swallow tablets. The 

remaining eight boys successfully completed the 50 week protocol, median age 8.2 (6.4, 9.7). 

As expected, five out of the eight participants had a deletion in the dystrophin gene. Other 

mutations included a duplication/triplication (n=1), a splice site mutation (n=1), and a point 

mutation (n=1). Seven boys were receiving GCS treatment (prednisolone, n=4, 0.45-

0.70mg/kg/day; deflazacort, n=3, 0.53-0.73mg/kg/day). Baseline characteristics are 

summarised in Figure 5-6. 

.  
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(n=1) 

Declined to participate (n=3) 

Analysed (n=8) 

Excluded from analysis (n=0) 

Lost to follow-up (n=0) 

Discontinued intervention (n=0) 

Allocated to intervention sequence 

(n=8) 

Received both interventions in 

allocated sequence (n=8) 

Did not receive interventions in 

allocated sequence (n=0) 

Lost to follow-up (n=0) 

Discontinued intervention (n=0) 

 

Allocated to intervention sequence 

(n=8) 

Received both interventions in 

allocated sequence (n=8) 

Did not receive interventions in 

allocated sequence (n=0) 

 

Analysed (n=8) 

Excluded from analysis (n=0) 

 

Allocation 

Analysis 

Follow-Up 

Randomised (n=8) 

Enrolment 

Figure 5-6 Participant flow 
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Table 5-2 Baseline characteristics of eight boys enrolled in the pilot study 

Outcome Median (IQR) 

BMI z-score 1.95 (0.50, 2.42) 

StepWatch™ Activity Monitoring  

Inactive minutes/day 1160 (985, 1226) 

Total steps/day 4308 (3108, 6928) 

Six Minute Walk Test  

Six minute walk distance (m) 403 (290, 457) 

DXA  

Fat mass (%) 27.6 (17.2, 40.8) 

Lean mass (%) 69.9 (57.2, 80.1) 

Peds QL (general)  

Total scale score 51 (40, 70) 

Peds QL (neuromuscular)  

Total scale score 72 (60, 89) 

ACTIVLIM survey  

Total score  29 (25, 32) 

Patient measure (logits) 2.013 (0.963, 3.007) 

Peds QL (core and neuromuscular) scores can range between 0 (lowest) and 100 (highest); 

ACTIVLIM total scores can range between 0 (lowest) and 36 (highest); ACTIVLIM patient 

measures can range between -6.869 logits (lowest) and 6.571 logits (highest).  
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5.5.2 Primary and secondary outcomes 

An observational analysis of these data from eight children is presented in Table 5-3. As 

indicated by change in BMI z-scores, weight and growth remained stable throughout both the 

standard and enhanced supplementation phases. This provides important evidence that the 

tailored dietary prescription can achieve energy balance. Body composition results from DXA 

scans are equivocal and typical of the natural history of DMD in this age group. The data 

from the StepWatch™ activity monitoring and the 6MWT are suggestive of greater 

functional improvement during the enhanced supplement regimen. When comparing the 

difference of the change between the two supplement regimens, on average, boys were less 

inactive following the enhanced regimen (-32 minutes) and took more steps per day (1251 

steps). Similarly, boys walked 25 metres further in the 6MWT following the enhanced 

supplement regimen in comparison to the standard supplement regimen. There were minimal 

changes in quality of life over the course of the study. No intervention-related adverse events 

were recorded, and liver function and electrolytes remained stable over the 50 weeks.    

 

Individual responses in the functional outcome measures to the supplement regimens are 

illustrated in Figure 5-7. The variation in treatment response is evident in these graphs.  
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Table 5-3 Observational data comparing change in outcome measures during the eight 

week lead-in period, and the standard and enhanced supplement regimens 

N=8 Week 0-8 Standard Enhanced 

BMI z-score change -0.01 (-0.15, 0.08) -0.02 (-0.05, 0.03) 0.05 (-0.13, 0.29) 

StepWatch™ Activity 

Monitoring    

Change in inactive min/day -3 (-36, 12) 86 (-19, 115) 20 (-41, 53) 

Change in total steps/day -306 (-467, 1482) -2028 (-2301, 958) 263 (-773, 1202) 

Six Minute Walk Test    

Change in Distance (m) 15.5 (-43, 46.5) 6 (-29, 18) 16 (-1, 55) 

DXA a    

% fat change  0.9 (-0.2, 1.4)  2.0 (1.4, 2.8)  

% lean change  -1.0 (-2.8, 0.0) -2.0 (-3.0, -1.2) 

Peds QL (general)    

Total scale score change 4 (-11, 9) -1 (-7, 6) 2 (-1, 10) 

Peds QL (neuromuscular)    

Total scale score change -1 (-8, 6) 2 (-3, 7) -3 (-6, 3) 

ACTIVLIM survey    

Total score change -3 (-5, 2) -1 (-3, 2) 1 (-1, 3) 

Change in patient measure 

(logits) 
-0.084 (-1.213, 0.617) 

0.027 (-0.401, 

0.417) 

0.166 (-0.158, 

0.657) 

Data presented as median (IQR); 
a
DXA scans at week 0, 28, 50. Peds QL (core and 

neuromuscular) scores can range between 0 (lowest) and 100 (highest); ACTIVLIM total 

scores can range between 0 (lowest) and 36 (highest); ACTIVLIM patient measures can range 

between -6.869 logits (lowest) and 6.571 logits (highest). 
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StepWatch™ activity monitor – inactive time/day 

  
StepWatch™ activity monitor – total steps/day 

  
Six minute walk test – distance walked (m) 

  

Figure 5-7 Individual responses in functional outcome measures  

Diagrams A and B represent response to the standard and enhanced supplement regimens, 

respectively. The same colour is used for each participant in all graphs. Note: a decrease in 

inactive minutes/day measured by StepWatch™ activity monitoring is considered an 

improvement, whilst a decrease in the other two measures is considered a decline. 
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5.5.3 Response to vitamin D supplementation 

Change in serum 25(OH)D concentrations across the 50 week intervention are summarised in 

Table 5-4. Supplementation commenced at week 8 with each participant receiving 

2000IU/day. By week 28, median serum 25(OH)D had risen above 80 nmol/L, a level deemed 

optimal for bone health (319). This trend was significant (p< 0.0005, Friedman test). The dose 

of vitamin D chosen was thus effective in increasing serum 25(OH)D concentrations to an 

optimal level for improved bone health.  

 

Table 5-4 Mean serum 25-hydroxyvitamin D concentrations at pre and post vitamin D 

supplementation  

 Week 0 Week 8 Week 28 Week 50 

25-hydroxyvitamin D (nmol/L)  48 (40, 69) 49 (45, 57) 85 (67, 95) 93 (77, 125) 

Data presented at median (IQR)  

 

 

5.5.4 Dietary intake 

Energy intake as a proportion of estimated requirements varied between 76% and 83% over 

the course of the active intervention period; however there were no significant trends in 

energy intake data (Table 5-5). Changes in macronutrient and micronutrient intake are 

illustrated in Figure 5-8 and Figure 5-9, respectively. Following the introduction of the 

protein supplement, median proportion of energy contribution from protein increased from 

19% to 23%; and the trend from week 0 to week 50 was significant (p=0.048). Similarly, 

when the multivitamin was introduced, significant trends in the median proportion of the 

recommended dietary intake or adequate intake achieved were evident for riboflavin 

(p=0.007), vitamin A (p=0.013), calcium (p=0.044), iodine (p=0.008), and vitamin E 

(p=0.008). An increasing trend for vitamin D intake was also observed (p=0.009) (data not 

shown).  
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Table 5-5 Energy intake over the course of the 50 week nutriceutical intervention 

 Week 0 Week 8 Week 28 Week 30 Week 50 

Energy intake 

(kJ) 

6314  

(6103, 

7260) 

5885  

(5245, 

6367)  

6702  

(6130, 

8333) 

7119  

(6728, 

7608) 

6813  

(6492, 

8499) 

Energy intake as 

a proportion of 

estimated energy 

requirements (%) 

91 (68, 109) 76 (71, 86)  87 (62, 135)  81 (73, 120) 83 (77, 125) 

Data presented as mean (IQR) 

 

 

Figure 5-8 Median percentage contribution to energy intake by macronutrients across 

the 50 week nutriceutical intervention  

PUFA polyunsaturated fatty acids; MUFA monounsaturated fatty acids; CHO carbohydrate; 

trend from week 0 to week 50 * p<0.05.  
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Figure 5-9 Median proportion of recommended dietary intake or adequate intake achieved across the 50 week nutriceutical intervention 

“ indicates nutrients with an adequate intake (AI); trend from week 0 to week 50 * p<0.05, ** p<0.01.  
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5.5.5 Participant feedback 

Participant feedback is summarised in Table 5-6. The preference for the tablet regimen over 

the shakes was evident in both formal and informal feedback. Blinding was successful as 

participants did not know when they had received the active supplement. Six participants 

reported no detectable difference between the standard and enhanced regimen. Without 

revealing their treatment allocation, the two participants that reported a difference between the 

shakes indicated a preference for the standard shake.  

 

Table 5-6 Participant feedback on supplement regimens 

Supplement characteristics Median (IQR) 

Shake  

Taste 2 (1, 3) 

Mouth feel 1.5 (1, 2) 

Appearance 2 (1, 3) 

Ease of taking daily 1.5 (1, 2) 

Capsules  

Ease of taking daily 4.5 (3.3, 5) 

A score of „1‟ indicates dislike or difficulty; a score of „5‟ indicates like or ease. 

 

5.5.6 Compliance 

Despite the low scores for the sensory characteristics, compliance for both the shake and 

capsule regimens was excellent. The calculated compliance and intake based on returned 

supplements is presented in Table 5-7. Compliance was observed to decrease in the second 20 

week supplementation period. 
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Table 5-7 Compliance to supplement regimens  

 Week 8 – Week 28 Week 30 – Week 50 

Multivitamin    

% compliance 98 (92, 101) 93 (86, 96) 

Vitamin D    

% compliance 100 (85, 101) 96 (91, 97) 

Daily intake, vitamin D (IU) 1998 (1700, 2012) 1906 (1835, 1935) 

Fruity Fishies   

% compliance 98 (84, 100) 94 (87, 98) 

Daily intake, omega 3 triglycerides (mg) 1024 (879, 1048) 981 (908, 1034) 

Shake   

% compliance 91 (80, 95) 85 (80, 89) 

Daily intake, protein (g) 18.0 (15.9, 18.9) 17.0 (15.9, 17.9) 

HMB/Placebo Capsules   

% compliance 98 (85, 101) 96 (89, 96) 

Data presented at median (IQR)   
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5.6 Future research plans 

These pilot data have led to the initiation of a multicentre trial involving a larger number of 

participants as required to fully test the hypothesis. A second recruitment site was opened via 

the neuromuscular clinic at MontroseAccess, Brisbane, Australia in October 2011. This clinic 

is staffed by visiting neurologists from Royal Children‟s Hospital and Mater Children‟s 

Hospital. Ethics approval was obtained from both organisations (# HREC/11/QRCH/2 and 

1730, respectively, Appendix 25 and Appendix 26). Collaborative research group clinical trial 

agreements were prepared and executed by Monash University and Royal Children‟s 

Hospital, and Monash University and Mater Children‟s Hospital. The Therapeutic Goods 

Administration was notified of the additional trial site. The Brisbane site is funded by a grant 

from John T Reid Charitable Trust. A further 15 boys have been recruited (eight in Melbourne 

and seven in Brisbane). There have been no adverse events to date and no boys have dropped 

out of the expanded study. Additional funding has now been sought to support a third trial site 

based at The Children‟s Hospital at Westmead, Sydney, Australia. 

 

The original protocol has been amended to incorporate a six month follow up assessment. 

Families will be invited back to participate and the following measures will be completed: 

step activity monitoring, 6MWT, DXA scan, height, weight, biochemistry (electrolytes, liver 

function tests, 25(OH)D), food diary, Peds QL (core and neuromuscular) questionnaires, and 

the ACTIVLIM survey. Information on continued supplement use will also be collected. 

Also, an additional eligibility criterion has been included for the multicentre trial. Only boys 

who are on a stable regimen of GCS will be eligible. This is to minimize the variation seen in 

the functional outcome measures.  
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5.6.1 Statistical analysis 

Data analysis will involve tests of repeated measures to compare means within subjects. 

Parametric or non-parametric analysis will be used according to the distribution of the data. 

The primary outcome, change in inactive minutes/day as measured by StepWatch™, will be 

compared between the standard and enhanced supplements regimens. Multivariable 

regression analysis will be used to uncover influences that may be due to period (sequence), 

or treatment (GCS) effects and interactions. A method is described by Grizzle (320) to 

identify and account for a sequence effect. Similarly, Altman (321) discusses statistical 

analyses to identify period effects and treatment period interactions (sequence) effects. 

Analysis will incorporate these methods so to uncover influences that may not be attributed to 

treatment.  

 

5.6.2 Sample size estimation based on pilot data results 

G*Power software was used to calculate sample size (322). The study will report on a 

continuous response variable: change in inactive minutes/day. Data from the pilot study was 

used to inform power calculations, with an error probability (α) of 0.05. Specifically, the 

observed mean difference between the two supplement regimens was used together with the 

standard deviation of the change. The standard deviation of the change used in the calculation 

was 105 inactive minutes/day. With a sample size of 55, if the true difference in the mean 

response is 50 inactive minutes/day, we will be able to reject the null hypothesis that this 

response difference is zero with probability (power) of 0.97. The sample size calculation 

allows for 10% attrition, so that if only 50 participants complete the trial, the test will be able 

to detect a difference of 50 inactive minutes/day with a power of 95%. The study will be also 

adequately powered to detect the observed difference in total steps/day (Table 5-8). 
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The power for detecting observed differences in the secondary outcome measures was also 

calculated (Table 5-8). Additionally, the power to detect desired differences in the 6MWT, 

body composition (DXA), and quality of life (Peds QL questionnaires) was estimated.  

 

Table 5-8 Estimated power for primary and secondary outcomes  

Outcome Change Power at n = 55 (%) Power at n = 50 (%) 

Step Activity 

Monitoring 
   

Inactive minutes 50 mins 97% 95% 

Total steps 1250 steps 97% 96% 

Six Minute Walk Test    

 25m 85% 82% 

 30m 94% 92% 

DXA    

% Fat Mass  0.7% 88% 85% 

 1.0% 99% 98% 

% Lean Mass 0.5% 51% 47% 

 1.0% 95% 93% 

Peds QL    

Core 1.8 points 35% 33% 

 5 points 97% 95% 

Neuromuscular 2.8 points 89% 86% 

 5 points 99% 99% 

ACTIVLIM Survey    

Total Score 3 points 98% 96% 

Patient measure 0.4 logits 95% 93% 

Power calculations based on differences observed in the pilot study. Desired differences also 

calculated for the six minute walk test, body composition (DXA), and quality of life (Peds 

QL). 

  



186 

 

5.6.3 Timeline  

Figure 5-10 details the projected study timeline by visit schedule for the multicentre study. 

The aim is for recruitment to be open across all sites by January 2013 for a twelve month 

period. Data management including resolving data queries and data cleaning will be 

performed on an ongoing basis throughout the trial period. Data analysis will commence 

when all participants have finished the 50 week protocol and will occur simultaneously with 

preparation of a manuscript for dissemination of results. It is estimated that analysis and 

manuscript preparation and dissemination will take 7 months.  
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Figure 5-10 Project timeline for nutriceuticals in DMD 
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5.7 Discussion 

Internationally, this pilot study and the subsequent multicentre trial are the first to investigate 

the use of a multi-component nutritional supplement in boys with DMD. Although the pilot 

study was not powered appropriately to detect statistical differences, the trends in the data 

suggest that a nutriceutically enhanced regimen is well tolerated and may improve functional 

outcomes in boys with DMD making it worthwhile to conduct a fully powered randomised 

control trial. Inactive minutes/day were considerably lower following enhanced 

supplementation compared to standard supplementation (median (IQR), 20 (-41, 53) vs. 86 (-

19, 115), respectively). Similarly, a median improvement of 16 (-1, 55) metres was observed 

in the 6MWT after enhanced supplementation. To provide a quantitative perspective on this 

response, longitudinal data from the 6MWT demonstrates that boys with DMD experience an 

average deterioration of between 26 and 57 metres in a year (255, 276). Similar data for the 

StepWatch™ is unknown. However, as StepWatch™ outcomes are highly correlated with the 

distance walked in a 6MWT (Chapter 4), one would expect a similar decline in these 

measures also. The multicentre trial has commenced to definitively test this hypothesis. The 

pilot study, however, provides proof of concept and evidence of feasibility of the trial 

protocol.  

 

Feasibility was demonstrated by several outcomes from this pilot study. In the first instance, 

dietetic counselling provided to families achieved the desired dietary changes. Specifically, 

data from the food diaries demonstrated a significant increase in protein intake, in the context 

of stable energy intake. It is unclear at this stage which macronutrient was displaced by the 

increase in protein because there were no significant decreases in fat or carbohydrate; 

however, it is likely to be a combination of both. Positively, a significant increasing trend in 

calcium intake was also observed.  
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Despite some low scores regarding the shakes received from participant feedback, boys were 

exceptionally compliant to the supplement regimens. Compliance data is supported by the 

increase in 25(OH)D over the course of the intervention. Compliance declined in the second 

supplementation period, suggesting fatigue in consuming both the shakes and tablets daily. 

This time effect will be accounted for using multivariable regression analysis in the 

multicentre trial. Supplement fatigue could have influenced the participant feedback scores; 

the low scores received may have been a reflection of the monotony of the daily regimen as 

opposed to dislike of the supplement. Additional phone coaching will be provided to families 

in the multicentre trial for ongoing encouragement to assist compliance. Also, in further 

studies, consideration should be given to improving the sensory profile of the shake. Other 

supplementation trials in DMD cohorts have not provided information on compliance, a 

limitation of these studies (122, 123, 133); however, anecdotal evidence indicates that 

families living with DMD are particularly well motivated.  

 

The blinding protocol was also successful in this pilot study. The study dietitian (ZD) and the 

patients were unaware of treatment allocations. Although two boys reported a difference 

between the regimens, they were unaware of which regimen they were receiving. These two 

boys had a higher lean body mass than the other children in the study, resulting in an 

increased dose of glutamine. Glutamine has a gritty texture which may have been detected at 

increasing doses. Future studies should consider introducing a maximal threshold for 

glutamine so that the gritty texture is avoided.   

 

The dose of vitamin D (2000 IU) provided in this pilot study was appropriate to raise serum 

25(OH)D above optimal concentrations. This supports the conclusions of Chapter 3, whereby 

it was proposed that 2000IU would be required to raise 25(OH)D levels in patients treated 

with GCS above 80nmol/L. However, the aetiology of decreased 25(OH)D levels in boys 
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with DMD remains unclear. A sequestering effect due to altered body composition is a 

possible explanation. Alternatively, as vitamin D supplementation is efficacious in increasing 

serum 25(OH)D concentrations, conversion in the liver of cholecalciferol to 25(OH)D may be 

disrupted (195). Serum transaminase levels are dramatically increased in boys with DMD due 

to the muscle breakdown (7). Whilst this is considered an innocuous phenomenon, little is 

known about the effect on liver function.  

 

The mechanistic action of the nutriceutically enhanced supplement can only be hypothesised. 

Improvements in functional outcomes but not body composition were observed in this pilot 

study.  Based on the ergogenic potential of the nutriceuticals, it could be postulated that the 

enhanced supplement may not slow the progression of the disease but rather improve the 

energy potential of the remaining muscle. The current study design is unable to separate the 

effects of individual supplements. Yet, to separate the individual elements would most likely 

be inappropriate because studies in the mouse model suggest a synergistic mechanism of 

multiple supplements with GCS therapy (125, 307). Using the mouse model to understand the 

mechanistic action and synergism of the multi-component regimen could assist in the 

development of an improved and more efficient supplement.  

  

The study design used in the pilot study was scientifically robust - a double blinded, 

randomised, controlled, cross-over design. The advantages of the cross-over study design 

make it particularly suitable for use within the DMD population. The principal advantage of 

this design is efficiency; a smaller number of patients is required to achieve similar statistical 

power when compared to a parallel design (133, 323, 324). Given the heterogeneity in 

treatment response observed here, within subject comparisons enables the cross-over design 

to account for these variations (323, 324). Also, the design permits us to offer “active” 
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treatment to all those who enrol into the study rather than withholding treatment for six 

months in a control group.  

 

An untreated control group was not incorporated into the design for a specific reason: to act as 

a true control all other nutritional therapies would need to be withdrawn for six months. Many 

families and caregivers provide their sons with a variety of nutritional supplements with and 

without proven efficacy. It would be unethical to withdraw these supplements for the period 

of the trial without provision of an alternative. Thus, standard care was provided through the 

use of a standard nutritional supplement. Multivitamins, fish oil and vitamin D are key 

ingredients for optimising nutrition within the general population. The literature on nutrition 

in DMD is limited such that even the use of a standard supplement has not been investigated. 

The design offers the advantage of consenting participants to explore the use of a standard 

supplement as well as the use of a standard supplement with CrM, glutamine and HMB. 

 

Clinical sources of confounding within cross-over designs include: residual (carry over) 

effects; failure to return subjects to baseline state; non-uniform changes in patients over time; 

and time dependent response measures (323).  Due to the nature of disease progression in 

DMD, the assumptions of returning subjects to baseline and uniform changes in patients 

cannot be met. However, it can be argued that boys with DMD are in a steady state of decline, 

and do not go through periods of instability as for example, a newly diagnosed child with 

epilepsy. To counterbalance these effects, the use of baseline measures is recommended 

(323). Accordingly, a two month lead in period was included in the study design as a control 

period. Similarly, a six month follow up in the multicentre trial will provide a post 

supplementation comparison.  
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Developing appropriate designs for investigating therapeutics in neuromuscular disorders is 

particularly challenging. These difficulties are discussed in depth by Conwit et al.(325). Most 

relevant to this study, is the need for innovative randomised controlled trial design with 

sufficient power that can be completed in a timely fashion. The large variation in individual 

response is evident in Figure 5-7. This heterogeneity is typical in Duchenne and difficult to 

control in trials, as demonstrated in the recent Phase 2b trial of ataluren (PTC124®), an orally 

administered drug that promotes ribosomal read-through of nonsense mutations. An 

improvement in the 6MWT of 29.7m was observed; however, the trial was halted as there was 

insufficient power to detect a statistical difference (p=0.058) (51). Associated power 

calculations based on pilot data here necessitate a third site to complete recruitment.  

 

Boys with DMD are a neglected group with few resources being directed to improving their 

quality of life whilst curative research avenues such as gene therapies are explored. 

Nutriceuticals may provide a cost-effective alternative which could assist in preventing or 

delaying complications and enable boys with DMD to remain ambulatory for longer. Whilst it 

is acknowledged that this is not a cure, it could delay the need for the use of a wheelchair, 

preserving muscle strength and function required for activities of daily living. Such benefits 

would also assist to reduce the very high cost of muscular dystrophies. The annual cost of 

muscular dystrophy is $126,000 per person, and the value of lost well-being (disability and 

premature death) adds a further $1 billion (326).  

 

The results of the multicentre study will translate into more structured guidelines regarding 

nutrition and the use of supplements for the Duchenne community, potentially saving families 

from great expense spent on unproven remedies. Recently published care guidelines for the 

management of boys with DMD were unable to make recommendations on the use of 
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supplements due to an absence of data (3). The panel involved in the review process identified 

nutritional supplements as an area in which additional research is required.  

 

If shown to be of benefit in the final fully powered study, it is envisaged the enhanced 

nutritional supplement will be combined into a single milk beverage and be made available to 

families through the pharmaceutical benefits scheme. The enhanced supplement regimen also 

has potential to provide benefits to those with other common neuromuscular disorders such as 

BMD or spinal muscular atrophy. The functional muscle benefits that may be associated with 

the enhanced supplement would also be beneficial to an ageing population in which 

sarcopaenia is an emerging issue and preserving muscle function and strength a clear target 

area.  
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5.8 Summary 

Nutriceuticals are a supportive intervention that may work synergistically with standard 

therapy to assist with walking ability in boys with DMD. This pilot study indicates that the 50 

week intervention is feasible, with excellent compliance to the supplement regimens. The 

most exciting data is the improvement in functional outcome measures following the 

nutriceutically enhanced supplement. A multicentre trial has commenced and will provide 

conclusive evidence as to the benefits of nutriceuticals for boys with DMD.  
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6 Future Directions 
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The past ten years has seen major advances in treatment options for boys with DMD. Phase 2 

trials of gene-related pharmaceutical therapies are looking very promising; and whilst the 

possibility of a „cure‟ provides hope for many, the eradication of Duchenne is many years 

way.  It is likely to be several years before current therapies under investigation can be used 

routinely in a clinical setting. The development of such high level pharmaceuticals requires 

rigorous testing and lengthy regulatory processes. Such therapies will have limited reach 

because they are targeted at specific mutations. Also, these pharmaceuticals will not „cure‟ 

Duchenne. Instead, they will be able to attenuate disease progression so that a milder 

phenotype is present, similar to that of BMD. As health professionals we need to be cognisant 

of these issues because these children will still require ongoing, specialised, medical and 

supportive management, regardless of whether they are receiving these new therapies. 

 

In order to provide the best care for boys with DMD, evidence based clinical guidelines that 

are standardised across centres would assist greatly. In 2009, detailed practice guidelines were 

released. This document was lacking depth in the area of nutritional management; and ideally, 

stand-alone guidelines for nutritional management should be developed. As outlined in 

Chapter 1, there is limited high quality evidence to guide practice. This thesis progresses the 

evidence in a move towards clinical guidelines, specifically in the areas of nutriceuticals, 

vitamin D and understanding growth patterns. This work also contributes to clinical 

understanding of DMD by identifying genotype-phenotype relationships. Despite this 

growing body of evidence, there are still many knowledge gaps that need to be addressed 

before nutritional guidelines are a reality. 

 

Understanding energy metabolism in DMD is fundamental to provision of appropriate 

nutrition counselling, yet the relationship between energy expenditure and body composition 

is still very much unclear. Research by Ms Sarah Elliott in collaboration with this author and 
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Prof Helen Truby has seen significant advances in understanding energy metabolism, with the 

first measures of TEE being taken in boys with DMD. Ongoing recruitment and measurement 

of TEE in boys with DMD is occurring concurrently with the trial of nutriceuticals, and we 

hope to expand our sample size to be able to make meaningful conclusions. The multicentre 

trial investigating the use of nutriceuticals will also expand the evidence in this area. Several 

funding applications have been submitted, which if successful will enable us to initiate a third 

trial site to facilitate timely recruitment. The minor amends to the trial protocol have 

improved its rigour and the outcome of the nutriceutical study will be sufficiently conclusive 

as to the use of supplements for boys with DMD to inform practice.   

 

The other concept that warrants further consideration is that of weight management in boys 

and young males with DMD. However, before this concept is fully explored, the effects of 

weight gain on mobility should be more thoroughly investigated. In the studies presented 

here, BMI was not associated with loss of mobility or walking function. Although it is 

frequently purported that excess weight increases the burden on already weak musculature; 

there is no evidence to support this statement. There also needs to more investigation into the 

effect of weight status on prognostic factors including cardiac and lung function. Similarly, 

the effect of excess weight on psychosocial factors should be explored. Once, and perhaps not 

before these questions are answered, we should focus our efforts on creating effective weight 

management solutions for these boys.  

 

To fill these gaps in dietetic knowledge, and build the evidence base to such a point that 

clinical guidelines are a realistic notion, a prospective longitudinal study of growth is 

warranted. This study would measure energy expenditure (total and resting) and body 

composition (DXA) over several years. Basic anthropometric measures, as well as clinical 

outcomes, would also be collected including functional measures (6MWT), age at loss of 



197 

 

ambulation, genetic mutation, respiratory and cardiac function, and biochemical indices 

related to bone metabolism. Assessments could be incorporated into routine clinical visits to 

ease subject burden. Several centres would need to be involved, and for efficiency, the study 

could include all neuromuscular conditions. Collaboration between sites is key to achieving 

successful research outcomes in neuromuscular disorders. Small numbers of eligible 

participants drives collaborative research bringing people together to achieve necessary 

sample sizes. The longitudinal nature of such a study would make it unique, as only one study 

to date has prospectively documented growth, and this was before the introduction of GCS as 

standard treatment.  

 

Obviously this type of study would require significant funding and effort. Here in lies the 

problem. Funding would be required from a large competitive grant scheme, such as a 

National Health and Medical Research Council project grant. Alternatively, some funding 

support could be obtained through patient advocacy groups. In both instances, it is likely that 

this study would be in competition with genetic therapies, making success in such funding 

rounds difficult. The issue of timely development of treatment options in DMD is so 

important and the writer does not begrudge these decisions. Unfortunately, development of 

supportive therapies, such as understanding growth and how best to manage it, will take time. 

However, supportive interventions will ultimately improve quality of life for boys living with 

DMD whilst treatment options are investigated. Awareness about the role of supportive 

interventions in neuromuscular conditions needs to be increased to enable these therapies to 

progress and improve.  

 

The majority of work presented in this thesis would not have been possible, if it were not for 

some „enablers‟: forward thinking physicians who value supportive therapies and 

interventions. Despite this support, nutrition and dietetics tends to be disregarded, and its 
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importance against medical management and physiotherapy is frequently overlooked. Boys 

with DMD are now living well into adulthood, studying at university, and having families. 

The full spectrum of supportive therapies should be emphasised and research and 

development in these areas needs to progress concurrently with genetic research to enable 

young men with DMD to reach their full potential. This includes nutrition and dietetics, but 

also nursing, occupational therapy, social work and psychology, and speech therapy. Allied 

health professionals need to collaborate to progress research, and to be acknowledged as a 

group of neuromuscular professionals. To do this, international interests groups need to be 

initiated within but also across disciplines.  

 

This research does not stop with the completion of the thesis. The post-doctoral goals of the 

candidate are to see the nutriceuticals trial through to completion and to initiate a multicentre 

longitudinal study to monitor growth. The other ambition on conclusion of this thesis is to 

unify dietetic professionals working in neuromuscular disorders. In Australia, the time is right 

to move with these ideas. Recently, the Australasian Neuromuscular Network was 

established, and in line with this network, a virtual centre of research excellence was funded 

incorporating sites at Melbourne, Sydney and Perth. These collaborations have a united goal 

of improving clinical care of children with chronic neuromuscular disorders through well-

designed collaborative multidisciplinary clinical research. This is an ideal platform to support 

the ongoing nutriceutical trial and also commencement of a longitudinal growth study.   

 

It is anticipated that the culmination of this thesis and the proposed post-doctoral research will 

advance the nutritional evidence to such an extent that evidence based guidelines for 

nutritional management in DMD can be developed; and that high quality dietetic care is 

standard for all boys living with Duchenne.   
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Appendix 5 
Size of exons in the Dystrophin gene used in the analysis for Chapter 2 

Exon 

Number 

Exon size 

(base pairs) 

1 275 

2 62 

3 93 

4 78 

5 93 

6 173 

7 119 

8 182 

9 129 

10 189 

11 182 

12 151 

13 120 

14 102 

15 108 

16 180 

17 176 

18 124 

19 88 

20 242 

21 181 

22 146 

23 213 

24 114 

25 156 

26 171 
 

Exon 

Number 

Exon size 

(base pairs) 

27 183 

28 135 

29 150 

30 162 

31 111 

32 174 

33 156 

34 171 

35 180 

36 129 

37 171 

38 123 

39 138 

40 153 

41 183 

42 195 

43 173 

44 149 

45 176 

46 148 

47 150 

48 186 

49 102 

50 109 

51 233 

52 118 
 

Exon 

Number 

Exon size 

(base pairs) 

54 155 

55 190 

56 173 

57 157 

58 121 

59 269 

60 147 

61 79 

62 61 

63 62 

64 75 

65 202 

66 86 

67 158 

68 167 

69 112 

70 137 

71 39 

72 66 

73 66 

74 159 

75 244 

76 124 

77 93 

78 32 

79 2703 
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Appendix 6 
Sets of brothers identified in the review of medical records and their genitive profile.  

 

  State Mutation Exons involve in mutations 

1 VIC nonsense 8 

2 VIC deletion 51-52 

3 VIC deletion 47-50 

4 VIC duplication 52 

5 VIC deletion 30-47 

6 VIC deletion 56 

7 QLD deletion 50 

8 QLD nonsense 58 

9 QLD point 22 

10 QLD nonsense 39 

11 QLD duplication 14-17 

12 QLD deletion 51-53 

13 QLD deletion 3-43 

14 QLD unknown 
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Appendix 8 
 

 
 Flemington Road, Parkville  

 Victoria, Australia, 3052  
 Telephone(03) 9345 5522 
 ISD (+613) 9345 5522 
 Facsimile (03) 9345 5789 
 Web www.rch.org.au 
 

PARENT/GUARDIAN INFORMATION STATEMENT 
AND CONSENT FORM 

 
 
HREC Project Number: 29075 

 
Research Project Title: Investigating nutritional markers in children with neuromuscular 

disease: DMD participant 

 
 
Thank you for taking the time to read this Information Statement.  This Information Statement and 
Consent Form are 7 pages long.  Please make sure you have all the pages. 
 
Your child is invited to participate in a research project that is explained below. 
 
What is an Information Statement? 
These pages tell you about the research project.  It explains to you clearly and openly all the steps 
and procedures of the project.  The information is to help you to decide whether or not you would like 
your child to take part in the research. 
 
Please read this Information Statement carefully.  You can ask us questions about anything in it.  You 
may want to talk about the project with your family, friends or health care worker.  
 
Participationinthisresearchprojectisvoluntary.Ifyoudon‟twantyourchildtotakepart,youdon‟t
have to.  You can withdraw your child from the project at any time without explanation and this will not 
affect their access to the bestavailabletreatmentoptionsandcarefromTheRoyalChildren‟s
Hospital. 
 
Once you have understood what the project is about, if you would like your child to take part please 
sign the consent form at the end of this information statement.  You will be given a copy of this 
information and consent form to keep. 

 
1. What is the research project about? 

We already know that the body compartments, such as muscle and fat change in boys with 
neuromuscular disease, in particular Duchenne muscular dystrophy (DMD). Because the changes 
seen in DMD are not seen in other children, managing this from a nutritional point of view can be 
difficult. Boys with DMD can move between being over and underweight, but we are unsure of the 
best way to manage this.   

We want to find out more about nutrition in boys with DMD living in Victoria. There is very little 
known about nutrition in DMD and there have been no studies that look at nutrition of boys with 
DMD living in Australia. We want to look at body composition (muscle and fat), energy requirements 
and Vitamin D levels in boys with DMD compared to healthy boys of similar age.  

It is hoped that this information will lead to a better understanding of the impact DMD has nutritional 
status. The findings from this study will help inform doctors and dietitians of the best dietary 
management options in this group. 
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This is a pilot project. We estimate 20 – 40 boys with DMD living in Victoria who are attending the 
neuromuscularclinicatTheRoyalChildren‟sHospitalwillparticipateinthisresearchproject.We
are also going to be looking at vitamin D levels in some of the brothers and sisters of the boys with 
DMD. The researchers have done the same project in Brisbane, Queensland.  

A word on energy requirements: 

The amount of energy your child takes in each day is decided by how much they eat and drink. The 
amount of energy they need and use up depends on the amount of activity they undertake each 
day.  
 
We usually estimate energy requirements using standard equations.  However, for children with 
NMD we are not aware of exactly how much energy is needed due to changes in their body 
composition. Our study is trying to investigate these needs.   
 
A word on Vitamin D:  

To date, results of the same study in boys living in Queensland have shown that many of the boys 
havelowvitaminDmeasurements.VitaminDisknownasthe“sunshinevitamin”asweusuallyget
what we need from sun exposure. Although steroid therapy can affect vitamin D levels, the levels 
we are seeing are very low. We therefore wish to determine if there is an environmental effect. That 
is, are the boys getting enough sun exposure? We can see if environment does have an effect by 
comparing the vitamin D levels measured in boys with DMD to children living in the same area. Your 
other children may be asked to participate in the research to help has work this out.  

 
2. Who are the researchers? 

 ProfessorHelenTrubyisachildren‟sdietitianwhoworksatMonashUniversity. 

 DrAndrewKornbergisaspecialchildren‟sdoctoratTheRoyalChildren‟sHospital. 

 DrMoniqueRyanisaspecialchildren‟sdoctoratTheRoyalChildren‟sHospital. 

 MsZoeDavidsonisachildren‟sdietitian.ThisprojectispartofherPhDprogramwhichshe is 
completing through The University of Queensland.  

 
3. Who is funding this research project? 

ThestudyispartlyfundedbytheChildren‟sNutritionResearchCentre,TheUniversityofQueensland
and The Duchenne Foundation.   

 
4. Why is my child being asked to be in this research project? 

We are asking you child to take part in this project because he has been diagnosed with DMD.  

 
5. What do we need to do to be in this research project? 

AppointmentatTheRoyalChildren’sHospital 
Your child needs to attend a one-off out-patientappointmentatTheRoyalChildren‟sHospital.The
appointment will take 2-3 hours and will usually be in the morning. It is very important that your child 
has nothing to eat or drink (except water) before coming to the appointment because a fasting 
blood sample is required. You will be given a voucher to buy breakfast for your child. Your child can 
continue with all medications and treatment during project involvement. The schedule for the 
appointment is outlined below.  
 

1) Your child will have a fasting blood sample collected by a professional experienced in taking 
blood from children. They will need to collect about 10 mls (2 teaspoons) of blood from your 
son.  

2) Your child will have breakfast. 

3) Height, weight and waist and hip circumference will be measured. 

4) Aspecialmachinethatmeasures„bioelectricalimpedance‟willbeusedtotellushowmuch
water you child has in his body. A small harmless electrical current runs through the body for 
a few seconds. It is completely painless. 



 263 

5) We will measure energy expenditure with doubly labelled water (DLW).  DLW is water that 
hasbeen„labelled‟withtwonaturallyoccurringandstableisotopes;deuteriumandoxygen.
By giving water with extra deuterium and oxygen, it boosts the levels which are already 
present in the body.  These isotopes are non-toxic and the water is not dangerous or harmful 
to your child in anyway.  DLW has been used on pre-term babies, infants, children, and 
adolescents.  Your child will need to give a spot urine sample (10 mls) and then drink a small 
glassoftheDLWwaterwhichistasteless.TheDLWstaysinyourchild‟sbodyfor10days.
We will collect another urine sample (10 mls) after 5 hours. 

6) Your child will have a dual energy x-ray absorptiometry (DXA) scan. This scan is painless, 
and will provide another measure of body composition (fat and muscle in the body), as well 
asinformationaboutyourchild‟sbonemineraldensity– a measure of bone health.  

7) You will be provided with instructions to collect a urine sample over the next 10 days. Only 
one sample needs to be collected for each day. The urine samples will be picked up by the 
research team or a courier.   

 
Other information we will collect includes: 
 yoursson‟sgenotype(ifthishasbeenanalysed) 
 medical history 
 physiotherapist assessments 
 medications that your son is taking 
 any nutritional supplements that your son is taking 
 pubertal status 

 
Parental Questionnaire 
We would also like to know what parents see as the main nutritional concerns for their children. We 
would like to ask you a few questionswhilstyouareatTheRoyalChildren‟sHospital.Thiswilltake
no more than 5 minutes.  
 
At Home 
 
Food Diary 
You will need to fill out a food diary for 3 days recording everything that your son eats and drinks. 
Completion of the food diary will take approximately 10 minutes per day. We will collect this with the 
urine samples.   
 
Food Frequency Questionnaire 
This is a 5 minute questionnaire that asks you about types of food your son eats. We will collect this 
with the urine samples.   
 
Physical Activity Diary 
Youwillneedtocompleteaphysicalactivitydiaryfor4daysrecordingyoursons‟physicalactivity.
The 4 day activity diary needs to be completed on days when you are collecting urine samples. We 
will collect this with the urine samples.   
 
Sun Exposure Questionnaire 
We would like to know how much sun your son is exposed to. To do this, we would like you to 
complete a 5 minute questionnaire. We will collect this with the urine samples.   
 
Storage of blood 
When your son has his blood test, we would like to keep some of the blood and store it at the 
Queensland University of Technology (QUT). This will allow us to explore if there are any special 
genes linked to low vitamin D levels in the future without doing further bloods tests. The blood sample 
will be stored at QUT for up to 15 years and will only be used to look at genetic factors associated 
with the production of vitamin D.  
 
On the consent form you can consent to storage of blood. By doing this you allow us to look at the 
blood in the future for the purposes stated above and will we not ask for further consent from you. We 
will not release the blood for any other research purposes without your consent. If you do not wish for 
yourson‟sbloodtobestoredforfutureuse,youcanconsenttothebloodtestandwewillsimply
discard blood after testing. 
 



 264 

In The future  
 
Collection of repeat vitamin D levels 
If it is found that your son has a low vitamin D level, a repeat blood test should be done in the future 
as part of routine clinical monitoring. If this occurs, we wish to collect the results from this test and 
ask you if you have been using any vitamin supplements. 

 
6. Whataremychild’salternativestotakingpartinthisproject? 

Yourchilddoesn‟thavetotakepartifyoudon‟twanthimto.Ifyouandyourchilddecideto
participate, you are still free to withdraw at any time without giving a reason. If your son does not take 
part or withdraws it will not affect the standard of care he receives or any future relationship with The 
RoyalChildren‟sHospital. 

 
7. What are the possible benefits for my child? 

Your son may not get any direct benefit from taking part. We will give you the results of all the tests 
we are doing.Thismayhelptoinformyourson‟snutritionalmanagement.  

 
8. What are the benefits for other people in the future? 

Currently there is no information collected routinely about the nutritional status of boys in Victoria with 
neuromuscular disease. By participating in this study you and your child can contribute to improving 
our understanding of body composition change in DMD and how this affects energy requirements. 
The information gathered in this study will help guide future research in this area as well as helping 
health professionals provide the best dietary advice for boys with DMD. 

 
9. What are the possible risks, side-effects and/or discomforts? 

The research involves exposure to a very small amount of radiation. As part of everyday living, 
everyone is exposed to naturally occurring background radiation and receives a dose of about 2,000 
micro Sieverts each year. The effective dose from this study is about 40 micro Sieverts. At this dose 
level, no harmful effects of radiation have been demonstrated as any effect is too small to measure. 
The risk is believed to be minimal. For comparison, the radiation is equivalent to 1/3

rd
 of a simple 

chest x-ray or about seven days worth of natural background radiation. 
 
Some children may be nervous and anxious about the blood test and it may cause some physical 
discomfort.  To help overcome this staff highly experienced in taking blood from children will be 
taking the blood sample and anaesthetic cream can be used where requested. Some children may 
experience bruising following a blood test. A bandaid can be provided for this.  
 
There may be additional unforeseen or unknown risks that are not known to us. If new information 
about risks becomes known during the project you will be informed of this.   
 
10. What are the possible inconveniences? 

Possible inconveniences may include time off school and work to attend the appointment at the 
hospital. Also, there is a small amount of time required for questionnaire completion whilst at home.  

 
11. Whatwillbedonetomakesuremychild’sinformationisconfidential? 

Anyinformationwecollectfromyouandyourchildwillremainconfidential.Wewilluseyourchild‟s
information only for this research project.  Only the researchers involved with this project and The 
RoyalChildren‟sHospitalEthicsCommittee will have access to this information.  We can disclose the 
information only with your permission, except as required by law. You have the right to access and 
request correction of your information in accordance with the Freedom of Information Act 1982 (Vic). 

Blood and urine samples will be stored in an identifiable format. They will be stored in fridges in 
locked rooms. Urine will be stored at The University of Queensland and Monash University and blood 
at Monash University and QUT. Urine samples will be destroyed immediately after testing. Where 
consent is given, blood samples will be stored for up to 15 years. Only researchers involved with this 
project and approved scientists performing the required testing will have access to the samples. The 
UniversityofQueenslandwillbesaidto“own”thesamples. 
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Information will be re-identifiable.  This means we will remove names from the information and use a 
special code number.  Only the research team can match names to code numbers, if it is necessary 
to do so. 

Paper questionnaires which will be stored in a locked filing cabinet at Monash University or The 
University of Queensland. Information will also be stored on a password-protected database through 
The University of Queensland. Only members of the research team and the Ethics Committee can 
have access to this information.  

Information will be kept until the youngest participant turns 25 years old.  After this time it will be 
destroyed. A copy of the results of the individual assessments will be placed inyourchild‟smedical
record which is kept until your child turns 25 years. 

Results will be published professional journals and presented at conferences. Names will never be 
used in any publications, reports or presentations.  

 
12. Will we be informed of the results when the research project is finished? 

Wewillsendyouasummaryoftheoverallprojectresults.Wewillalsosendyoursons‟testresults.
Results from future research with blood samples will not be sent.  

 

 
If you would like more information about the project or if you need to speak to a member of the 
research team in an emergency please contact: 
 
Name: Zoe Davidson 

Contact telephone:  

Or you may email:  

 
 
 
 
If you have any concerns about the project or the way it is being conducted, and would like to speak to 
someone independent of the project, please contact: 
 

Head of Department 
Ethics and Research Department 

Human Research Ethics Committee 
TheRoyalChildren‟sHospital 

Telephone: (03) 9345 5044 
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Flemington Road, Parkville  
Victoria, Australia, 3052 

  
 Telephone (03) 9345 5522 
 ISD (+613) 9345 5522 
 Facsimile (03) 9345 5789 
 Web www.rch.org.au 

 

CONSENT FORM FOR PARENT/GUARDIAN TO GIVE INFORMED CONSENT  
FOR THEIR CHILD TO TAKE PART IN A RESEARCH PROJECT 

 
 
HREC Project Number:  

 
Research Project Title: Investigating nutritional markers in children with neuromuscular 

disease 

 
 
I (Parent/Guardian name)  

 
of(child‟sname)  

 
voluntarily consent for my child to take part in the above research project  

 
 
 I believeIunderstandthepurpose,extentandpossibleeffectsofmychild‟sinvolvementinthisproject. 

 I have had an opportunity to ask questions and I am satisfied with the answers I have received. 

 I understand that this project has been approved by The RoyalChildren‟sHospitalHumanResearch
Ethics Committee and will be carried out in line with the National Statement on Ethical Conduct in 
Human Research (2007). 

 I understand I will receive a copy of this Parent/Guardian Information Statement and Consent Form. 

 
 
Parent/Guardian Signature  Date  

 
 
Printnameofwitnesstoparent/guardian‟ssignature
_____________________________________________ 
 
Witness Signature  Date  

 
 
I have explained the project to the parent/guardian who has signed above, and believe that they 
understandthepurpose,extentandpossibleeffectsoftheirchild‟sinvolvementinthisproject. 

Researcher Signature  Date  

 
 
Note: All parties signing the Consent Form must date their own signature. 
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Flemington Road, Parkville  

 Victoria, Australia, 3052 
  
 Telephone (03) 9345 5522 
 ISD (+613) 9345 5522 
 Facsimile (03) 9345 5789 
 Web www.rch.org.au 
 

PARENT/GUARDIAN CONSENT FORM FOR RESEARCH INVOLVING 
BLOOD OR TISSUE OR GENETIC SAMPLES 

 
 
HREC Project Number:  

 
Research Project Title: Investigating nutritional markers in children with neuromuscular 

disease 

 
 
 
I (Parent/Guardian name)  

 
of(child‟sname)  

 
voluntarily consent to (tick applicable boxes below) 

 
 

 The taking of a blood/tissue sample for use in this research project only. 

 

 The taking of a blood/tissue sample for use in future ethically approved research projects.  I 
understand that I WILL NOT becontactedwhenmychild‟sblood/tissuesampleisusedin
futureresearchandbyconsentingnow,Iconsenttoallfutureusesofmychild‟sblood/tissue
sample. 

 
 
 
 
Parent/Guardian Signature  Date  

 
 
Printnameofwitnesstoparent/guardian‟ssignature 
_____________________________________________ 
 
Witness Signature  Date  

 
 
I have explained the project to the parent/guardian who has signed above, and believe that they 
understandthepurpose,extentandpossibleeffectsoftheirchild‟sinvolvementinthisproject. 

Researcher Signature  Date  

 
 
Note: All parties signing the Consent Form must date their own signature. 
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Appendix 9 

 
Flemington Road, Parkville  

 Victoria, Australia, 3052 
  
 Telephone (03) 9345 5522 
 ISD (+613) 9345 5522 
 Facsimile (03) 9345 5789 
 Web www.rch.org.au 
 

PARENT/GUARDIAN INFORMATION STATEMENT 
AND CONSENT FORM 

 
 
HREC Project Number: 29075 

 
Research Project Title: Investigating nutritional markers in children with neuromuscular 

disease: Siblings 

 
 
Thank you for taking the time to read this Information Statement.  This Information Statement and 
Consent Form are 6 pages long.  Please make sure you have all the pages. 
 
Your child is invited to participate in a research project that is explained below. 
 
What is an Information Statement? 
These pages tell you about the research project.  It explains to you clearly and openly all the steps 
and procedures of the project.  The information is to help you to decide whether or not you would like 
your child to take part in the research. 
 
Please read this Information Statement carefully.  You can ask us questions about anything in it.  You 
may want to talk about the project with your family, friends or health care worker.  
 
Participationinthisresearchprojectisvoluntary.Ifyoudon‟twantyourchildtotakepart,youdon‟t
have to.  You can withdraw your child from the project at any time without explanation and this will not 
affecttheiraccesstothebestavailabletreatmentoptionsandcarefromTheRoyalChildren‟s
Hospital. 
 
Once you have understood what the project is about, if you would like your child to take part please 
sign the consent form at the end of this information statement.  You will be given a copy of this 
information and consent form to keep. 
 

 
13. What is the research project about? 
We already know that the body compartments, such as muscle and fat change in boys with 
neuromuscular disease, in particular Duchenne muscular dystrophy (DMD). Because the changes 
seen in DMD are not seen in other children, managing this from a nutritional point of view can be 
difficult. Boys with DMD can move between being over and underweight, but we are unsure of the 
best way to manage this.   

We want to find out more about nutrition in boys with DMD living in Victoria. There is very little known 
about nutrition in DMD and there have been no studies that look at nutrition of boys with DMD living 
in Australia. We want to look at body composition (muscle and fat), energy requirements and Vitamin 
D levels in boys with DMD compared to healthy boys of similar age.  

It is hoped that this information will lead to a better understanding of the impact that DMD has on 
nutritional status. The findings from this study will help inform doctors and dietitians of the best 
dietary management options in this group. 

Yourchildhasbeeninvitedtoparticipateinthisstudyasahealthy„control‟.Thismeanshis/her
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measurements will be compared to the measurements of young boys who have DMD. Control data is 
used in research to look at differences between groups. This would help us to understand the 
differences in nutritional status between children who have neuromuscular disease and those who do 
not. 

  

Your son with DMD has participated or will be participating in another arm of this study. To date, 
results of this part of the study from boys in Queensland have shown that many of the boys have low 
vitaminDmeasurements.VitaminDisknownasthe“sunshinevitamin”asweusuallygetwhatwe
need from sun exposure. Although steroid therapy can affect vitamin D levels, the levels we are 
seeing are very low. We therefore wish to determine if there is an environmental effect. That is, are 
the boys getting enough sun exposure? We can see if environment does have an effect by 
comparing the vitamin D levels measured in boys with DMD to those of children living in the same 
area. Unfortunately, we do not have any information about vitamin D levels of children living in 
Victoria. We wish to invite a sibling of your son to participate in this study as a healthy„control‟for
vitamin D measurements. This would help us to understand if there is an environmental effect on 
vitamin D levels in boys living in Queensland. Vitamin D is measured in a single blood test. We would 
also like to compare the amount of sun exposure that both you son with DMD and your other children 
receive.  
 
This is a pilot project. We estimate 40-80 siblings of boys with DMD living in Victoria will participate in 
this research project. The researchers have done the same project in Brisbane, Queensland.  

 
 
14. Who are the researchers? 
 

 ProfessorHelenTrubyisachildren‟sdietitianwhoworksatMonashUniversity. 

 DrAndrewKornbergisaspecialchildren‟sdoctoratTheRoyalChildren‟sHospital. 

 DrMoniqueRyanisaspecialchildren‟sdoctoratTheRoyalChildren‟sHospital. 

 MsZoeDavidsonisachildren‟sdietitian.ThisprojectispartofherPhDprogramwhichsheis
completing through The University of Queensland.  

 
15. Who is funding this research project? 
 

ThestudyisbeingpartiallyfundedbytheChildren‟sNutritionResearchCentre,TheUniversityof
Queensland and The Duchenne Foundation.   

 
16. Why is my child being asked to be in this research project? 
 

We are asking you child to take part in this project because he/she has a brother who has been 
diagnosed with DMD.  

 
17. What do we need to do to be in this research project? 
 
AppointmentatTheRoyalChildren’sHospital 
 
YourchildwillneedtocometoRoyalChildren‟sHospitalforabloodtesttomeasurevitaminD.They
will need to collect about 10 mls (2 teaspoons) of blood from your child. It is very important that 
your child has nothing to eat or drink (except water) before coming to the appointment. The 
total time spent at the hospital should be less than an hour. The test itself will only take 10 minutes 
but sometimes there is a short wait at pathology.  
 
Sun Exposure Questionnaire 
We would like to know how much sun your child is exposed to. To do this, we would like you to 
complete a 5 minute questionnaire. We will arrange to collect the survey from you in person or by 
mail.  
 
Storage of blood 
When your child has their blood test, we would like to keep some of the blood and store it at the 
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Queensland University of Technology (QUT). This will allow us to explore if there are any special 
genes linked to low vitamin D levels in the future without doing further bloods tests. The blood sample 
will be stored at QUT for up to 15 years and will only be used to look at genetic factors associated 
with the production of vitamin D.  
 
On the consent form you can consent to storage of blood. By doing this you allow us to look at the 
blood in the future for the purposes stated above and will we not ask for further consent from you. We 
will not release the blood for any other research purposes without your consent. If you do not wish for 
yourson‟sbloodtobestoredforfutureuse,youcan consent to the blood test and we will simply 
discard blood after testing. 
 
18. Whataremychild’salternativestotakingpartinthisproject? 
Yourchilddoesn‟thavetotakepartifyoudon‟twanthim/herto.Ifyouandyourchilddecideto
participate, you are still free to withdraw at any time without giving a reason. If your child does not 
take part or withdraws it will not affect the standard of care he/she receives or any future relationship 
withTheRoyalChildren‟sHospital. 

 
19. What are the possible benefits for my child? 
Your child may not get any direct benefit from taking part. We will give you the results of all the tests 
we are doing and youwillfindoutyourchild‟sVitaminDlevel. 
 
20. What are the benefits for other people in the future? 
Currently there is no information collected routinely about the nutritional status of boys in Victoria with 
neuromuscular disease. By participating in this study you and your child can contribute to improving 
our understanding of body composition change in DMD and how this affects energy requirements. 
The information gathered in this study will help guide future research in this area as well as helping 
health professionals provide the best dietary advice for boys with DMD. 

 
21. What are the possible risks, side-effects and/or discomforts? 
The risks of taking part in the study are very minimal. Some children may be nervous and anxious 
about the blood test and it may cause some physical discomfort.  To help overcome this staff highly 
experienced in taking blood from children will be taking the blood sample and anaesthetic cream can 
be used where requested. Some children may experience bruising following a blood test. A bandaid 
can be provided for this.  
 
There may be additional unforeseen or unknown risks that are not known to us. If new information 
about risks becomes known during the project you will be informed of this.   
 
22. What are the possible inconveniences? 
Possible inconveniences may include time off school and work to attend the appointment at the 
hospital. Also, there is a small amount of time required for questionnaire completion whilst at home. 

 
23. Whatwillbedonetomakesuremychild’sinformationisconfidential? 
Any information we collect from you and your child will remain confidential.  We willuseyourchild‟s
information only for this research project.  Only the researchers involved with this project and The 
RoyalChildren‟sHospitalEthicsCommitteewillhaveaccesstothisinformation.Wecandisclosethe
information only with your permission, except as required by law. You have the right to access and 
request correction of your information in accordance with the Freedom of Information Act 1982 (Vic). 

Blood and urine samples will be stored in an identifiable format. They will be stored in fridges in 
locked rooms. Urine will be stored at The University of Queensland and Monash University and blood 
at Monash University and QUT. Urine samples will be destroyed immediately after testing. Where 
consent is given, blood samples will be stored for up to 15 years. Only researchers involved with this 
project and approved scientists performing the required testing will have access to the samples. The 
UniversityofQueenslandwillbesaidto“own”thesamples. 

Information will be re-identifiable.  This means we will remove names from the information and use a 
special code number.  Only the research team can match names to code numbers, if it is necessary 
to do so. 

Paper questionnaires which will be stored in a locked filing cabinet at Monash University or The 
University of Queensland. Information will also be stored on a password-protected database through 
The University of Queensland. Only members of the research team and the Ethics Committee can 
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have access to this information.  

Information will be kept until the youngest participant turns 25 years old.  After this time it will be 
destroyed.Acopyoftheresultsoftheindividualassessmentswillbeplacedinyourchild‟smedical
record which is kept until your child turns 25 years. 

Results will be published professional journals and presented at conferences. Names will never be 
used in any publications, reports or presentations. 

 
24. Will we be informed of the results when the research project is finished? 
We will send you a summary of the overall projectresults.Wewillalsosendyoursons‟testresults.
Results from future research with blood samples will not be sent. 

 

 
If you would like more information about the project or if you need to speak to a member of the 
research team in an emergency please contact: 
 
Name: Zoe Davidson 

Contact telephone:  

Or you may email:  

 
 
 
 
If you have any concerns about the project or the way it is being conducted, and would like to speak to 
someone independent of the project, please contact: 
 

Head of Department 
Ethics and Research Department 

Human Research Ethics Committee 
TheRoyalChildren‟sHospital 

Telephone: (03) 9345 5044 
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Flemington Road, Parkville  

 Victoria, Australia, 3052 
  
 Telephone (03) 9345 5522 
 ISD (+613) 9345 5522 
 Facsimile (03) 9345 5789 
 Web www.rch.org.au 

 

CONSENT FORM FOR PARENT/GUARDIAN TO GIVE INFORMED CONSENT  
FOR THEIR CHILD TO TAKE PART IN A RESEARCH PROJECT 

 
 
HREC Project Number:  

 
Research Project Title: Investigating nutritional markers in children with neuromuscular 

disease 

 
 
I (Parent/Guardian name)  

 
of(child‟sname)  

 
voluntarily consent for my child to take part in the above research project  

 
 
 IbelieveIunderstandthepurpose,extentandpossibleeffectsofmychild‟sinvolvement in this project. 

 I have had an opportunity to ask questions and I am satisfied with the answers I have received. 

 IunderstandthatthisprojecthasbeenapprovedbyTheRoyalChildren‟sHospitalHumanResearch
Ethics Committee and will be carried out in line with the National Statement on Ethical Conduct in 
Human Research (2007). 

 I understand I will receive a copy of this Parent/Guardian Information Statement and Consent Form. 

 
 
Parent/Guardian Signature  Date  

 
 
Print name of witness to parent/guardian‟ssignature
_____________________________________________ 
 
Witness Signature  Date  

 
 
I have explained the project to the parent/guardian who has signed above, and believe that they 
understand the purpose, extent and possible effects of theirchild‟sinvolvementinthisproject. 

Researcher Signature  Date  

 
 
Note: All parties signing the Consent Form must date their own signature. 
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Flemington Road, Parkville  

 Victoria, Australia, 3052 
  
 Telephone (03) 9345 5522 
 ISD (+613) 9345 5522 
 Facsimile (03) 9345 5789 
 Web www.rch.org.au 
 

PARENT/GUARDIAN CONSENT FORM FOR RESEARCH INVOLVING 
BLOOD OR TISSUE OR GENETIC SAMPLES 

 
 
HREC Project Number:  

 
Research Project Title: Investigating nutritional markers in children with neuromuscular 

disease 

 
 
 
I (Parent/Guardian name)  

 
of(child‟sname)  

 
voluntarily consent to (tick applicable boxes below) 

 
 

 The taking of a blood/tissue sample for use in this research project only. 

 

 The taking of a blood/tissue sample for use in future ethically approved research projects.  I 
understand that I WILL NOT becontactedwhenmychild‟sblood/tissuesampleisusedin
futureresearchandbyconsentingnow,Iconsenttoallfutureusesofmychild‟sblood/tissue
sample. 

 
 
Parent/Guardian Signature  Date  

 
 
Printnameofwitnesstoparent/guardian‟ssignature
_____________________________________________ 
 
Witness Signature  Date  

 
 
I have explained the project to the parent/guardian who has signed above, and believe that they 
understandthepurpose,extentandpossibleeffectsoftheirchild‟sinvolvementinthisproject. 

Researcher Signature  Date  

 
 
Note: All parties signing the Consent Form must date their own signature. 
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Appendix 13 

 
Flemington Road, Parkville  

 Victoria, Australia, 3052 
  
 Telephone (03) 9345 5522 
 ISD (+613) 9345 5522 
 Facsimile (03) 9345 5789 
 Web www.rch.org.au 
 

PARENT/GUARDIAN INFORMATION STATEMENT 
AND CONSENT FORM 

 
 
HREC Project Number: 30022 

 
Research Project Title:  Nutriceuticals in Duchenne muscular dystrophy (DMD):  

Investigating the effectiveness of a multicomponent nutritional 
supplement 

 
 
Thank you for taking the time to read this Information Statement.  This Information Statement and 
Consent Form is 6 pages long.  Please make sure you have all the pages. 
 
Your child is invited to participate in a research project that is explained below. 
 
What is an Information Statement? 
These pages tell you about the research project.  It explains to you clearly and openly all the steps 
and procedures of the project.  The information is to help you to decide whether or not you would like 
your child to take part in the research. 
 
Please read this Information Statement carefully.  You can ask us questions about anything in it.  You 
may want to talk about the project with your family, friends or health care worker.  
 
Participationinthisresearchprojectisvoluntary.Ifyoudon‟twantyourchildtotakepart,youdon‟t
have to.  You can withdraw your child from the project at any time without explanation and this will not 
affect theiraccesstothebestavailabletreatmentoptionsandcarefromTheRoyalChildren‟s
Hospital. 
 
Once you have understood what the project is about, if you would like your child to take part please 
sign the consent form at the end of this information statement.  You will be given a copy of this 
information and consent form to keep. 

 
1. What is the research project about? 
This study tests the use of a nutritional supplement over a 10-month period in boys with DMD to see 
if it can improve or maintain functional ability and muscle mass. Nutritional supplements together with 
steroid therapy could provide a simple and effective strategy to maintain muscle function and mobility 
and enhance quality of life for children with DMD. 
 
The supplements that we plan to use in this study are creatine monohydrate (CrM), glutamine and 
beta-hydroxy-beta-methylbutyrate (HMB) (contained within a high protein shake), and multivitamin, 
vitamin D and fish oil tablets.  
 
These supplements have been chosen because some evidence exists of their potential benefit on 
their own. However they have not been tested together.  
 
This is a pilot project. We aim to recruit 40 boys with DMD aged around 5 – 13 years who are 
attendingtheneuromuscularclinicatTheRoyalChildren‟sHospital. We may recruit boys from other 
centres as well.  
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The CrM, glutamine, HMB, multivitamin, vitamin D and fish oil supplements are listed on the 
Australian Register of Therapeutic Goods. The listings do not provide any warnings about the age 
groups these products should be used in. However, the use of these supplements together is 
experimental.  
 
2. Who are the researchers? 

 ProfessorHelenTrubyisachildren‟sdietitianwhoworksatMonashUniversity. 

 DrAndrewKornbergisachildren‟sdoctoratTheRoyalChildren‟sHospital. 

 DrMoniqueRyanisachildren‟sdoctoratTheRoyalChildren‟sHospital. 

 ZoeDavidsonisachildren‟sdietitian.ThisprojectispartofherPhDprogramwhichsheis
completing through Monash University. 

 AimeeSegmanisachildren‟sdietitian.Thisprojectispartofherhonoursprogramwhichshe
is completing through Monash University.  

 
3. Who is funding this research project? 
This study is partly funded by Monash University. The supplements have been donated to the study 
by Blackmores and Musashi.  

 
4. Why is my child being asked to be in this research project? 
We are asking your son to take part in this study because he has DMD. 

 
5. What does my child need to do to be in this research project? 
Your son will be involved in the study for 12 months. The first 2 months will consist simply of 
monitoring. The active diet supplement duration period is 10 months.  
 
All boys who participate in the study will receive the standard supplement which contains a protein 
shake, a multivitamin supplement, a vitamin D supplement and fish oil for the entire 10-month 
supplementation period.  
 
Randomisation: 
At the start of the study we will place your son into one of two groups. This will be done by chance, 
similar to tossing a coin, so your son will have an equal chance of being in either group.  
 
One group will take the standard supplement with CrM/glutamine/HMB and the other group will take 
the standard supplement with a placebo powder (maltodextrin) added to it. You will not know which 
group your son has been placed in, however the research team will know.  Your son will take their 
supplementsfor5months,thenthetwogroupswill“crossover”orswap,sothatifyoursonwastaking
the standard supplement with CrM/glutamine/HMB supplement he will now take the standard 
supplement with placebo and vice versa.  
 
There will be a washout period of two weeks when the groups cross over. During this two weeks, your 
son continue to take the standard supplement.  
 
Tests and procedures: 
At the start of the study we will ask you about:  

o yourson‟sgenotype(ifthishasbeenanalysed) 
o yourson‟smedicalhistory 
o medications that your son is taking 
o pubertal status 

 
If your son is taking a complementary medicine, he will need to stop taking it for the duration of the 
study. 
 
Duringthecourseofthestudy,yoursonwillneedtovisitTheRoyalChildren‟sHospitalon7
occasions. Each visit will take between 1-2 hours and if possible, will be organised with other hospital 
appointments. The visit schedule is summarized in the table below.  Most supplements will be 
collected at study visits, however the research dietitian will home deliver supplements at week 20 and 
week 42 in the study, 
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 Visit 1 
Week 0 

Visit 2 
Week 8 

Visit 3 
Week 

12 

Visit 4 
Week 

28 

Visit 5 
Week 

30 

Visit 6 
Week 

34 

Visit 7 
Week 

50 

Step Activity Monitoring ● ●  ● ●  ● 

Fasting blood sample ● ● ● ● ● ● ● 

6-minute walk test ● ●  ● ●  ● 

Height and weight 
measurement 

● ●  ● ●  ● 

DXA scan ●   ●   ● 

Assessment by doctor  ● ● ● ● ● ● 

Food Diary ● ●  ● ●  ● 

Parent questionnaires ● ●  ● ●  ● 

 
Step Activity Monitoring:  
Your son will wear a StepWatch™ monitor strapped to his ankle for five days. This is a light weight 
monitor that records the number of steps he does in a day. We do not expect your son to notice he is 
wearing it. The monitor will need to be worn for the entire day, that is from when he gets out of bed in 
the morning until he goes to bed, with the exclusion of showers/swimming. At five points in the 12 
month study, your son will be asked to wear an activity monitor for 5 consecutive days.  
 
Fasting blood sample:  
Your son will need to fast (no food) from 12am the night before their visit.  At the visit a 5ml (1 
teaspoon) sample of blood will be taken. Once the blood has been analysed it will be destroyed. There 
will no storage of blood involved with this study.  
 
DXA scan:  
This scan is painless, and will provide a measure of body composition (fat and muscle in the body), as 
wellasinformationaboutyourchild‟sbonemineraldensity– a measure of bone health. When your 
son has a scan, he will be asked to lie on the bed. A scanner will move up and down his body. It is 
similar to having an x-ray.  
 
Doctor assessment:  
ThiswillinvolveadoctorfromRCHtakingyourson‟sbloodpressure,heartrateandfeelingtheir
stomach.  
 
Food Diary 
A three day food diary will need to be completed at five separate time points during the study. This 
involves writing down all the food and drink your son has had over these 3 days.  
 
Parent questionnaires:  
You will be asked to complete three questionnaires asking about activity quality of life and one 
questionnaire asking about functional ability. The questionnaires can be completed at home after your 
son‟svisit.Youwillbeprovidedwithastampedenvelopetoreturnthequestionnaires.Weestimate
the total time to complete ALL questionnaires to be 20 minutes maximum. The questionnaires are 
multiple choice so you are not required to write detailed answers.  
 
Supplementation: 
Each day, during the 10-month supplementation period, all boys will be receiving the standard 
supplement. Based on randomization (see above) your son will or will not have the active ingredients 
included in his shake. Your son will need to consume: 
 

 Protein shake 
o The shake is provided in the form of a powder and can be mixed with milk and 

flavoured as desired.  
o The shake may be a meal replacement eg. Breakfast. However, a dietitian will instruct 

you on what other foods should be eaten at the meal with the protein shake, 
dependingonyourson‟srequirements. 

o The base shake contains 22g whey protein powder, maltodextrin powder and 
sucralose (artificial sweetener). The shake will also contain the active mixture of 
creatine monohydrate/glutamine for 5 months throughout the study period. 
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 HMB capsules 
o The HMB will be provided in the form of capsules. Your son will need to take between 

1 and 3 of these tablets depending on his weight.  
o When in the enhanced supplement phase, these capsules will contain HMB powder.  
o When in the standard supplement phase, these capsules will contain maltodextrin 

powder.  
 

 Multivitamin tablets, vitamin D and fish oil.  
o Dependingonyourchild‟sage,thiswillinvolveconsumptionofbetween4and6

tablets across the day. 
o The multivitamin and fish oil tablets are chewable. 

 
6. Whataremychild’salternativestotakingpartinthisproject? 
Yourchilddoesn‟thavetotakepartifyoudon‟twanthimto.Ifyouandyourchilddecideto
participate, you are free to withdraw at any time without giving a reason. If your son withdraws from 
the study, we will not use data collected from your son in the analysis at the end of the study, unless 
some of the data relates to why he has withdrawn. We will record the reason why he has withdrawn if 
you wish to provide it. If your son does not take part or withdraws it will not affect the standard of care 
hereceivesoranyfuturerelationshipwithTheRoyalChildren‟sHospital. 

 
7. What are the possible benefits for my child? 
We are unable to say if your son will receive any benefit or not.  We cannot guarantee any benefit.  
However, your son will be provided with a 10 month supply of a nutritional supplement that we hope 
may help his functional ability together with his standard therapies such as physiotherapy and/or 
steroid treatment. 

 
8. What are the benefits for other people in the future? 
There is very little information to support the use of nutritional supplements in children with 
neuromuscular disease. By participating in this study you and your child can contribute to improving 
our understanding of the usefulness of nutritional supplements in DMD. The information from this 
study will help guide future research in this area, as well as helping health professionals provide the 
best dietary advice for boys with DMD. 

 
9. What are the possible risks, side-effects and/or discomforts? 
There is a low risk associated with participation in this project. The risk is that your son might have a 
reaction when taking the supplement which could include a rash, a stomach upset or a change in 
blood markers of kidney function. It is unlikely that these side effects will occur at the doses used in 
the study however if they did, your son might require increased medical attention and possibly a 
hospital stay. If these events did occur, we expect that they would be resolved by stopping the 
supplement and we do not expect there to be any long term effects. There have been no reports of 
changes in kidney function in studies using CrM and glutamine in boys with DMD. A safety 
assessmentwilloccuratfivepointsthroughthestudyperiodtomonitoryourson‟swellbeing.These
assessments will include physical exam conducted by an RCH doctor and blood testing. 
 
DXA Scan: 
This research study involves exposure to a very small amount of radiation. As part of everyday living, 
everyone is exposed to naturally occurring background radiation and receives a dose of about 2 
millisieverts (mSv) each year. The effective dose from this study is about 0.070mSv. At the dose 
level, no harmful effects of radiation have been demonstrated as any effect is too small to measure. 
The risk is believed to be minimal.  
 
Has your son participated in other studies that involve radiation? If so, please tell us.  
 
Blood tests: 
Some children may be nervous and anxious about the blood test and it may cause some physical 
discomfort.  To help overcome this staff highly experienced in taking blood from children will be 
taking the blood sample and anaesthetic cream can be used where requested. Some children may 
experience bruising following a blood test. A bandaid can be provided for this.  
 
There may be additional unforeseen or unknown risks that are not known to us. If new information 
about risks becomes known during the project you will be informed of this.   
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10. What are the possible inconveniences? 
Possible inconveniences may include time off school and work to attend the visit at the hospital. Also, 
there is a small amount of time required for questionnaire completion at home after your visit.  The 
cost of travel may also be an inconvenience. 

It should be noted that the supplements used in this study are expensive. If you wish to continue the 
supplements when the study has finished, we are unable to provide you with money to do so, even if 
some benefit is shown. This may be an inconvenience experienced by families in the future.  

 
11. Whatwillbedonetomakesuremychild’sinformationisconfidential? 
Anyinformationwecollectfromyouandyourchildwillremainconfidential.Wewilluseyourchild‟s
information only for this research project.  Only the researchers involved with this project and The 
RoyalChildren‟sHospitalEthicsCommitteewillhaveaccesstothisinformation.As a notification will 
be made to the Australian Therapeutic Goods Administration (TGA) that this research project is 
occurring, they will also have access to the information. 

We can disclose the information only with your permission, except as required by law.  

Youhavetherighttoaccessandrequestcorrectionofyourson‟sinformationinaccordancewiththe
Freedom of Information Act 1982 (Vic).  

Blood samples will be collected in an identifiable format and will be destroyed immediately after 
testing. Only researchers involved with this project and approved scientists performing the required 
testing will have access to the samples.  

Information will be re-identifiable.  This means we will remove names from the information and use a 
special code number.  Only the research team can match names to code numbers, if it is necessary 
to do so. 

Paper questionnaires will be stored in a locked filing cabinet at Monash University. Information will 
also be stored on a password-protected database. Only members of the research team and the 
Ethics Committee can have access to this information.  

Information will be kept until the youngest participant turns 25 years old.  After this time it will be 
destroyed.Acopyofyourson‟sassessmentresultswillbeplacedinhismedicalrecordwhichiskept
until he turns 25 years old. 

Results will be published in professional journals and presented at conferences. Names will never be 
used in any publications, reports or presentations. 

 
12. Will we be informed of the results when the research project is finished? 
We will send you a summary of the overall project results. We will also send you a summary of your 
sons‟testresults. 

 
13. What happens if my child is injured during the project? 
In the unlikely event that your child suffers an injury as a result of taking part in this project, hospital 
care and treatment will be provided by the public health service at no cost to you. 

 
14. Will my child be able to claim any compensation if injured? 
No funds have been set aside to compensate your child in the event of injury.  However, by signing 
this form, you are not giving up any legal rights to seek compensation for injury. 

 

If you would like more information about the project or if you need to speak to a member of the 
research team in an emergency please contact: 
Name: Zoe Davidson 

Contact telephone:  

If you have any concerns about the project or the way it is being conducted, and would like to speak to 
someone independent of the project, please contact: 
 

Head of Department, Ethics and Research Department, Human Research Ethics Committee 
TheRoyalChildren‟sHospital, Telephone: (03) 9345 5044 
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Flemington Road, Parkville  

 Victoria, Australia, 3052 
  
 Telephone (03) 9345 5522 
 ISD (+613) 9345 5522 
 Facsimile (03) 9345 5789 
 Web www.rch.org.au 

 

CONSENT FORM FOR PARENT/GUARDIAN TO GIVE INFORMED CONSENT  
FOR THEIR CHILD TO TAKE PART IN A RESEARCH PROJECT 

 
 
HREC Project Number:  

 
Research Project Title:  Nutriceuticals in Duchenne muscular dystrophy:  

Investigating the effectiveness of a multicomponent nutritional 
supplement 

 
 
I (Parent/Guardian 
name) 

 

 
of(child‟sname)  

 
voluntarily consent for my child to take part in the above research project  

 
 
 IbelieveIunderstandthepurpose,extentandpossibleeffectsofmychild‟sinvolvementinthisproject. 

 I have had an opportunity to ask questions and I am satisfied with the answers I have received. 

 IunderstandthatthisprojecthasbeenapprovedbyTheRoyalChildren‟sHospitalHumanResearch
Ethics Committee and will be carried out in line with the National Statement on Ethical Conduct in 
Human Research (2007). 

 I understand I will receive a copy of this Parent/Guardian Information Statement and Consent Form. 

 
 
Parent/Guardian Signature  Date  

 
 
Printnameofwitnesstoparent/guardian‟ssignature
_____________________________________________ 
 
Witness Signature  Date  

 
 
I have explained the project to the parent/guardian who has signed above, and believe that they 
understandthepurpose,extentandpossibleeffectsoftheirchild‟sinvolvementinthisproject. 

Researcher Signature  Date  

 
 
Note: All parties signing the Consent Form must date their own signature. 
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Appendix 15 

Explanatory Statement - Control group 

Title: A comparison of dietary intake and physical activity in children with Muscular Dystrophy versus 
healthy controls 

This information sheet is for you to keep. These pages tell you about the research. It explains to you 
clearly and openly all the steps and procedures of the project. The information is to help you to decide 
whether or not you would like your child to take part in the research.  

My name is Aimee Segman and I am conducting a research project towards my Honours at Monash 
University, with Professor Helen Truby who is the head of the Nutrition and Dietetics Department.  
This means that I will be writing a thesis which is the equivalent of a short book.   

 
Why did you choose this particular person/group as participants? 
 
We want to find out more about nutrition in boys with Duchenne muscular dystrophy (DMD) living in 
Australia. There is currently very little known about nutrition in DMD and there have been no studies 
that look at nutrition of boys with DMD living in Australia. We want to look at nutritional intake and 
physical activity in boys with DMD compared to healthy boys of similar age.  
 
It is hoped that this information will lead to a better understanding of the impact that DMD has on 
nutritional status. The findings in this study will help inform doctors and dietitians of the best dietary 
management options in this group. 
 
Yourchildhasbeeninvitedtoparticipateinthisstudyasahealthy„control‟.Thismeanshis
measurements will be compared to the measurements of young boys who have DMD. Control data is 
used in research to look at differences between groups. This would help us to understand the 
differences in nutritional status and physical activity between children who have neuromuscular 
disease and those who do not.  
 
Your contact details were obtained from the Monash University staff email list or you replied to an 
advertisement, and you were selected as your child met the inclusion criteria for this study.   
 
Inclusion/Exclusion criteria 
 
DMD only affects boys therefore the control group will be made up solely of boys. Boys will be unable 
to take part if they are unable to walk or play, have any medical condition such as diabetes, if they do 
not agree to take part in this study, and/or if parent/guardian consent is unable to be obtained. 
 
The aim/purpose of the research   
 
The aim of this study is to investigate physical activity levels and dietary patterns of healthy boys 
between5and13yearsofage.Yourson‟sresultswillformpartofahealthycontrolgroup,which
means his activity patterns will be compared to the same measurements collected from young boys 
with Duchenne Muscular Dystrophy (DMD) or those with other long term diseases which affect their 
energy needs.  
Possible benefits 
 
By participating in this study you and your son will get to find out precisely how much physical activity 
he is going, using the latest cutting edge technology in physical activity measuring devices. By 
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participating in this study, you will also be helping to further research in DMD, a severe neuromuscular 
disorder characterised by progressive muscle wasting. 
 
What does the research involve?   
 
Monash University: 
The study involves one visit to Monash University (Clayton Campus) to complete the following tests: 
 
The 6 minute walk test; this is a simple test that measures the distance that your child can walk in a 
period of six minutes.   
 
Height and weight will be measured 
 
OPTIONAL Doubly labelled water (DLW) procedure. DLW is water that has been labelled with two 
naturally occurring and stable isotopes; deuterium and oxygen. By giving water with extra deuterium 
and oxygen, it boosts the levels which are already present in the body. These isotopes are non-toxic 
and the water is not dangerous or harmful to your child in anyway. DLW has been used on pre-term 
babies, infants, children and adolescents. Your child will need to give a spot urine sample (10mls) and 
thendrinkasmallglassoftheDLWwhichistasteless.TheDLWstaysinyourchild‟sbodyfor10
days. The urine samples will then need to be sent to the University of Queensland for analysis, as the 
necessaryequipmenttodothisisnotavailableinVictoria.Theresultsofthiswon‟tbeavailablefor
many months as the analysis is complex. 
 
At home: 
Complete a food diary; you will need to fill out a food diary for 5 days recording everything that your 
son eats and drinks. Completion of the food diary will take approximately 10 minutes per day. 
 
Complete a physical activity diary; you will need to completethediaryfor5daysrecordingyourson‟s
physical activity.  
 
Complete a food frequency questionnaire; this is a simple 5 minute questionnaire that asks you about 
types of food your son eats.  
 
Wear a StepWatch™ Activitymonitor;asmallaccelerometertobewornaroundyourson‟sanklefor5
days to measure physical activity. You will receive instruction on use when you are at Monash 
University. 
 
OPTIONAL Doubly labelled water procedure: a single spot of urine (10mls) will be collected from your 
son 5 hours after he has drunk the dose of DLW (which is tasteless), and then daily for the 10 
consecutive days following.  This procedure is a very expensive and precise way to determine total 
energy expenditure. It is also a very safe procedure. We ask you to freeze the urine samples at home 
and then we will collect them from you. At the time of collection we will also weigh your son using 
digital scales. THIS SECTION OF THE STUDY IS OPTIONAL AND ONLY AVAILABLE FOR 5 
SUBJECTS.  

 
After the study: 
Informationcollectedfromyouandyoursonmaybeusedas„control‟informationinotherstudies.In
such cases, active participation would NOT be required. You are able to consent to this separately. If 
you do consent to this, we will not contact you before using the information. Confidentiality will be 
maintained as discussed below 
 
.  
How much time will the research take?   
 
Yourchild‟svisittoMonashUniversitywilltakeapproximately1hr and can be arranged at a 
convenient time for yourself and your child.  Additionally, there is a small amount of time required for 
questionnaire completion, and possibly urine collection whilst at home. 
  
Inconvenience/discomfort 
 
Possible inconveniences may include time off school and work to attend the appointment at Monash 
University. However you will be able to organise a time after school hours or on a Saturday.  
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The risks of taking part in the study are minimal. There may be additional unforeseen or unknown risks 
that are not known to us. If new information about risks becomes known during the project you will be 
informed of this. 
 
Payment 
 
There is no financial reward for volunteering in this research project. Although your child may not get 
any direct benefit from taking part, we will give you the results of all the tests your child is completing. 
 
Can I withdraw from the research?   
 
Being in this study is voluntary and you are under no obligation to consent to participation. If you and 
your child decide to participate, you are still free to withdraw at any time without giving a reason.  
 
Confidentiality 
 
Any information we collect fromyouandyourchildwillremainconfidential.Wewilluseyourchild‟s
information only for this research project, unless you have consented for us to use the information in 
otherstudiesfor„control‟purposes.Onlytheresearchersinvolvedwiththisproject Monash 
University‟sethicscommitteewillhaveaccesstothisinformation.Wecandisclosetheinformation
only with your permission, except as required by law. You have the right to access and request 
correction of your information in accordance with the Freedom of Information Act 1982 (Vic).  
Results may be published in professional journals and presented at conferences. Names will never be 
used in any publications, reports or presentations.  
 
For DLW only: When the urine samples are sent to the University of Queensland for analysis, the 
sampleswillbesentin„coded‟form.Thismeansthatthescientistslookingatthesampleswillnotbe
able to identify who they came from. This is to maintain confidentiality during the process. The urine 
samples will be the only personal data collected from you and your son that will be transferred to the 
University Queensland. Results of the analysis will be sent, via registered post, to Monash, Victoria for 
interpretation.Atallstages,datawillremaininthe„coded‟form. 
 
Storage of data 
 
Paper questionnaires will be stored in a locked filing cabinet at Monash University for 5 years. 
Information from the tests will also be stored on a password-protected database through Monash 
University. Only members of the research team and the Ethics Committee can have access to this 
information.  
 
Results 
 
If you would like to be informed of the aggregate research finding, please contact Aimee Segman on 

 or email    

If you would like to contact the researchers about 
any aspect of this study, please contact the Chief 
Investigator: 

If you have a complaint concerning the manner 
in which this research  is being conducted, 
please contact: 

 
Professor Helen Truby 
Head of Nutrition and Dietetics 
Telephone:  
Email:  
 

 
Executive Officer, Human Research Ethics 
Monash University Human Research Ethics 
Committee (MUHREC) 
Building 3e  Room 111 
Research Office 
Monash University VIC 3800 
 
Tel: +61 3 9905 2052    Fax: +61 3 9905 3831 
Email: muhrec@adm.monash.edu.au  
 
. 

Thank you.  

mailto:muhrec@adm.monash.edu.au
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Consent Form – Healthy Control Group 

Title: A comparison of dietary intake and physical activity in boys with Muscular Dystrophy versus 
healthy controls  

NOTE: Signed written consent will remain with the Monash University researcher for their records. 

 
I agree that _______________ may take part in the above Monash University research project.  The 
project has been explained to ______________ and to me, and I have read the Explanatory 
Statement, which I keep for my records. Being in this study is voluntary and you are under no 
obligation to consent to participation. If you and your child decide to participate, you are still free to 
withdraw at any time without giving a reason. 
 
I understand that agreeing to take part means that I am willing to allow _________________ to:  
 

 Complete a 6-minute walk test             Yes   No 

 Allow height and weight measurements to be taken           Yes   
No 

 Wear a StepWatch™ Activity monitor for 3 consecutive days           Yes   
No 

 Complete a 3 day food diary and food frequency questionnaire    Yes   No 

I agree that the above information collected from my son _______________ to be used as control 
data in other studies conducted by the researchers. I understand that I will not be contacted again for 
consent to use this information. 

 Yes   No 
OPTIONAL: 

I agree for my son, _____________ to provide urine samples once a day for 10 consecutive days after 
he has drunk a dose of doubly labelled water (which tastes like water).  

 Yes   No 
 

I agree for the urine samples collected from my son, _____________, to be sent to the University of 
Queenslandina„coded‟formforanalysis. 

 Yes   No 
 
Iunderstandthatmyson‟sparticipationisvoluntary, that I can choose not to participate in part or all of 
the project, and that I can withdraw at any stage of the project without my healthcare being penalised 
or disadvantaged in any way. I understand that data from the tests will be kept in a secure storage and 
accessible to the research team. I also understand that the data will be destroyed after a 5 year 
period.  
 
Participant’sname………………………………………………………………………………………….. 

Participant’sAge……………………………………………………………………………………………. 

Parent’s / Guardian’s Name………………………………………………………………………………. 

Parent’s / Guardian’s relationship to participant............................................................................ 

Parent’s/Guardian’sSignature……………………………………………Date……………………….. 
 
Child section 

I agree to take part in the described study and understand the activities I will be doing. 

Participant(Child)signature:……………………………………………….Date…………………….. 

WitnessName:…………...……………………………………………………….…………………….. 

Witnesssignature:…………………………………………………………..Date……………………...  
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Parent / Guardian Information Sheet 

 

Dear Parent/Guardian 

 

Study Title:    Energy requirements and body composition in children with  

                        neuromuscular disease 

 

 

Investigators:   Dr Helen Truby (Senior Research Fellow and Paediatric dietitian, University 

of Queensland); Sarah Elliott (Nutritionist, PhD Scholar, University of 

Queensland) and Drs Kate Sinclair and Geoff Wallace (Department of 

Neurology, Royal Children‟s Hospital), Helen Posselt (Clinic Coordinator, 

Montrose Access) and Zoe Davidson (Dietitian, PhD Scholar, University of 

Queensland). 

 

Your child has been invited to take part in the above research study. Before you decide 

whether you would like your child to participate or not, it is important that you understand 

why the research is being undertaken and what it will involve. 

 

Please take the time to read the following information carefully and discuss this with your 

family and your child. Please do not hesitate to contact us if you need clarification on any of 

the details or if you require additional information. We feel that it is important that you 

understand why we wish your child to take part in this research study and therefore would like 

you to browse through this information at your leisure. 

 

What is the purpose of the study? 

In this study we want to find out more about the nutritional status of boys with neuromuscular 

disease (NMD) living in Queensland. We want to evaluate both body composition and energy 

requirements of boys with NMD compared to healthy boys of similar age. It is hoped that this 

information will lead to a better understanding of the impact NMD has on body composition. 

The findings from this study will help inform health professionals in the future of the best 

dietary management strategy in this group.   

 

What does the study involve? 
The amount of energy your child takes in each day (energy intake) is decided by how much 

they eat and drink. The amount of energy they need and use up (energy expended) depends on 

the amount of activity they undertake each day.  
 

Children’s Nutrition Research Centre 

Discipline of Paediatrics and Child Health 

The University of Queensland 

 

Associate Professor Peter SW Davies  (Director)  

Department of Neurology 

Royal Children‟s Hospital 

Herston, QLD, 4029 

 

Dr Kate Sinclair 
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We usually estimate energy requirements using standard equations.  However, for children 

with NMD we are not aware of exactly how much energy is needed due to changes in their 

body composition. Our study is trying to investigate these needs.  This would greatly help the 

dietary advice given and mean an individualised dietary „prescription‟ may be made.  To 

achieve this we need to measure energy expenditure, metabolic rate and, if appropriate, 

physical activity.  
 

Metabolic rate can be recorded by measuring the basal metabolic energy or the resting energy 

expenditure (REE) of your child‟s body. This is the amount of energy used when we are 

resting and usually accounts for approximately 70% of the energy we get from diet alone. 

Usually the remaining energy from the diet goes into physical activity and growth. If we eat 

more than is required by our bodies we gain weight.  
 

In those boys that are ambulatory (i.e. not in a wheelchair) we will measure energy 

expenditure with doubly labelled water. Doubly labelled water (DLW) is the „gold standard‟ 

method of measuring energy expenditure.  DLW is water that has been „labelled‟ with two 

naturally occurring and stable isotopes (a different form of the elements, Hydrogen and 

Oxygen); deuterium and Oxygen18. By giving water with extra deuterium and oxygen, it 

boosts the levels which are already present in the body.  These isotopes are non toxic and the 

water is not dangerous or harmful to your child in anyway.  DLW has been used on pre-term 

babies, infants, children, and adolescents.  Your child will need to give a spot urine sample 

and then asked to drink a small glass of the DLW water which is tasteless.  The DLW stays in 

your child‟s body for 10 days and we would collect urine samples 5 hours and daily for 10 

days after administration.  You will be provided with instructions and containers for the urine 

collection.  We will organise for the urine samples to be picked up from your home.    

 

An assessment of your child‟s body composition will also be made using several different 

techniques (discussed overleaf).   
 

Does my child have to take part in the study? 

It is for you and your child to decide whether or not you both wish to participate. If you 

decide to take part you will be asked to sign and return the consent form enclosed with this 

information sheet.  If you and your child decide to participate, you are still free to withdraw at 

any time and without giving a reason. A decision to withdraw at any time, or a decision not to 

take part, will not affect the standard of care your child receives or any future relationship 

with the Royal Children‟s Hospital or University of Queensland. 

 

What will happen to my child if I take part? 

Your child will be invited to attend an extended hospital out-patient appointment at the Body 

Composition Laboratory, Children‟s Nutrition Research Centre, Royal Children‟s Hospital.  

Before this appointment your child will be sent an activity and a food diary to be completed 

which we will ask you to return on the appointment day.  The appointment will take about 

half a day and will be from 08.00am to 12.00pm approximately.  It is very important that 

your child has nothing to eat or drink (except water) before coming to the appointment 

because a fasting blood sample is required. You will be given a voucher to buy breakfast for 

your child. The schedule for this half day appointment is outlined below. 

 

1) Measurement of your child‟s resting energy expenditure. This involves him/her lying 

under a special hood that collects and analyses some of the gases your child breathes 

in and out. This should take about half an hour and is not unpleasant.  

2) Your child will have a fasting blood sample collected by a professional experienced in 

taking blood from children.   

3) Your child will have breakfast. 
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4) Your child will then be asked to provide a spot urine sample (10ml) for the 

measurement of energy expenditure by DLW and asked to drink a small glass of the 

DLW.  A second urine sample will be collected five hours later. 

5) Height, weight and waist circumference will be measured. 

6) We would also like to assess the amount of fat, muscle, bone and water that makes up 

your child‟s body. This will be measured by three methods: 

 The first is a special machine that measures the amount of potassium in your 

child‟s body.  Your child‟s body is scanned while they are lying down and it is 

completely painless.  This test is not an X-ray and there is no radiation dose.   

 The second is a sophisticated machine (BodPod) that measures the amount of air 

your child‟s body takes up. Your child will need to sit in a spaceship-like 

chamber, with a clear Perspex front. It will take a few minutes to measure the air 

in the chamber and in your child‟s body. Your child will need to wear a swimsuit 

and if possible, a swimming cap so that air trapped in clothes and hair does not 

affect the reading.  They will also need to sit still while the measurements are 

being taken.  

 The third is a special machine that measures „bioelectrical impedance‟. A small 

harmless electrical current runs through the body for a few seconds. It is 

completely painless. 

7) Children will also be asked to provide some information on their dietary and if 

ambulatory, physical activity patterns. This will require the completion of the 

following before coming in for your child‟s appointment: 

a. Food diary 

b. Physical activity diary/questionnaire 

 

Also, if your child has had their genes analysed, we would like to utilise this information. We 

would like to see if there is any relationship between genotype and nutritional status. The 

information can be accessed from medical records held at Royal Children‟s Hospital and will 

stored in a secure file. 

 

Parental Questionnaire 

We would also like to know what parents see as the main nutritional concerns for their 

children. So we would like to ask you a few questions whilst you are at Royal Children‟s 

Hospital.  

 

Your Expenses 

Your car parking expenses will be reimbursed for your visit.  

 

What are the possible disadvantages and risks of taking part? 

We cannot think of any possible disadvantages or risks to taking part in the study.  

Some children may be nervous and anxious about the blood test.  To help overcome this staff 

highly experienced in taking blood from children will be taking the blood sample.   

 

There is also the possibility that your child may feel unfamiliar in the study environment. We 

will be using the Body Composition Laboratory which has child friendly facilities and staff 

who are experienced in taking these measurements and working with children.  You will be 

welcome to stay with your child during all the measures and can provide reassurance if this is 

required. There is also a portable DVD player available so children are allowed to bring a 

suitable DVD to watch (this should be age appropriate and not over excite your child).   
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What are the possible benefits of taking part? 

Currently there is no information collected routinely about the nutritional status of boys in 

QLD with neuromuscular disease. By participating in this study you and your child can 

contribute to improving our understanding of body composition change in NMD and how this 

affects energy requirements. You will also be given the results of the measurements taken by 

state of the art equipment.  There is no charge associated with taking part in the study.  

 

The information gathered in this study will help guide future research in this area as well as 

helping health professionals provide optimal dietary treatment for boys with NMD in the 

future. 

 

Will my child taking part in this study be kept confidential? 

All information which is collected about your child during the course of the research will be 

kept strictly confidential. Participants will be identified by a number only and names will 

never be used in any subsequent publications or reports.  Information regarding the study will 

be available to you on completion of the data analysis period on request.  The health 

professional that referred you will be informed of the results of the assessments and a copy 

put in your child‟s hospital chart. The data collected will form part of a database of nutritional 

status of children in QLD with NMD.  

 

Who is organising and funding the research? 

The study is being organised and funded by the Children‟s Nutrition Research Centre, 

University of Queensland. 

 

Contact for further information 

Thank you for taking the time to read this information and we hope that after careful 

consideration, you agree for your child to participate in this study.  Helen Truby or Sarah 

Elliott will contact you in a couple of weeks to see if you want to take part in the study.   

 

In the meantime if you have any questions that have not been answered in this information 

sheet, or would like to discuss anything in more detail, please don‟t hesitate to contact Sarah 

Elliott or Helen Truby on 33655476.   

 

Thank you for your attention. 

 
Dr Kate Sinclair  

Consultant Neurologist 

RCH 

Phone:  

Email:  

 

 

Dr Helen Truby 

Children‟s 

Nutrition 

Research Centre 

RCH 

Phone:  

Email: 

 

 

Sarah Elliott 

Children‟s Nutrition 

Research Centre 

RCH 

Phone:  

Email: 

 

 

Zoe Davidson 

Children‟s Nutrition 

Research Centre 

RCH 

Phone:  

Email: 

 

 

 

This study has been cleared by one of the human ethics committees of the University of 

Queensland in accordance with the National Health and Medical Research Council's 

guidelines. You are of course, free to discuss your participation in this study with project staff 

(contactable on 3636 9271.). If you would like to speak to an officer of the University not 

involved in the study, you may contact the Ethics Officer on 3365 3924. 
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