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Rationale

Osteoporosis and related fracture represents a significant public health burden in Australia. According to the Dubbo Osteoporosis Epidemiology Study, the residual lifetime fracture risk was estimated to be 44% for women aged over 60 years and 27% for men [1]. Based on data from Geelong Osteoporosis Study, it is projected that from 1996 to 2006 there will be a 25% increase in the annual incidence of fractures and a 36% increase in hip fracture [2]. Besides low bone mass, a number of nonskeletal factors are also related to fracture risk, particularly those related to falls. Risk factors for falls include age related muscle wasting and impairments in muscle strength. It has been found that quadriceps strength and postural sway were as important as bone mineral density (BMD) in predicting fractures [3]. In 2001, 2.4 million of the Australian population were aged over 65 years and by 2031 this is estimated to increase to 5.4 million people [4]. The development of non-pharmacological interventions to maintain muscle and bone health in elderly people is important for the prevention of falls and fractures, improving quality of life and reducing the burden on health services. 
Protein represents 25% of bone by mass and 50% of bone by volume. During bone turnover a significant proportion of amino acids in bone collagen cannot be reutilized. Therefore, adequate protein intake is important for the maintenance of bone mass in the elderly, where high bone turnover rate exists. A large number of cross-sectional and prospective epidemiologic studies have shown that relatively high protein intake is associated with increased bone mineral mass and reduced incidence of osteoporotic fracture in elderly people [5-9]. After an extensive review of the recent literature, it has been concluded that protein has beneficial effects on bone in the presence of an adequate calcium intake [10]. Moreover, low protein intakes can lead to loss of muscle mass which is associated with decreased amino acid availability and IGF-I level. To date there have been no well-designed randomised trials of sufficient duration or power to examine the effects of increased dietary protein intake on bone structure and muscle mass and body composition.

In this study we aim to examine the effects of increased dietary protein on sensitive measures of bone structure and muscle mass and body composition in elderly women. We also aim to explore the mechanism of any effects observed. This will develop a clear understanding of the size of the effects of a non-pharmacological intervention on maintaining muscle and bone health in elderly people. In addition, we will collect safety information on the influence of increased protein intake on renal function, and risk factors for cardiovascular diseases. 
Protein effects on muscle

Physiology

Aging is associated with a progressive loss of muscle mass (sarcopenia), which can lead to reduced muscle strength and an increased risk of falls. As much as one third of muscle mass can be lost during the three decades after the age of 50 years [11]. The aetiology of the skeletal muscle loss with aging is unclear but factors such as declining physical activity, altered protein synthesis and turnover and reductions in IGF-1 have been suggested [12]. The altered protein synthesis in the elderly may result from reduced ability of aging skeletal muscle to respond to anabolic stimuli, such insulin and amino acid availability rather than from reduced basal muscle protein synthesis [13]. Increased availability of amino acids has been shown to have positive effects on muscle anabolism in elderly participants [14]. Besides amino acid availability, protein intake may also affect muscle anabolism through IGF-I. Dietary protein intake had been shown to have positive effects on the production and action of IGF-I [15]. It has been reported that marginal protein intake is associated with loss of muscle mass and reduced plasma IGF-I concentration in elderly women [16]. A dietary protein supplement of 20g/day has been shown to increase circulating levels of IGF-I in a study of elderly hip fracture patients [17]. Three extra serves of milk per day increased IGF-I concentrations by 10% in older men and women [18]. Therefore, dietary protein intake above habitual intakes appears to have the ability to raise IGF-I concentrations.
Protein requirements in the elderly related to muscle physiology

The previous Recommended Dietary Intake (RDI) (National Health and Medical Research Council, 1991) of protein for adults of all ages in Australia is set at 0.75g per kg of body weight. There was however, conflicting data as to whether this protein requirements was adequate for the elderly [19, 20]. Indeed, Campbell has questioned whether the US/ Canada RDA of 0.8g/kg may be insufficient for older people to maintain skeletal muscle [19]. The new NHMRC RDI’s released in 2006 recognises that protein intakes for the elderly have been set too low, as they appear to have higher requirements for maintenance than younger adults. A 25% higher RDI of 0.94 g/kg and 1.07 g/kg is being recommended for women and men greater than 70 years, respectively. It has also been proposed that not only the amount of protein intake, but also the feeding pattern and the type of protein may influence protein retention. One study of elderly women aged 68 years showed that the protein feeding pattern influenced protein retention. This study increased protein intake from 0.75 to 1.05 g/kg per day by either delivering 80% of the protein at lunch or at four meals over the day. A greater protein retention was achieved with the “pulse” feeding pattern (80% of the protein was consumed in the one meal) [21]. It has also been shown that rapidly digested protein, such as whey protein, was beneficial in preventing body protein loss in the elderly compared to slowly digested protein [22]. 
Randomised controlled trials 

There have been limited studies on the effects of dietary protein supplementation on body composition or muscle synthesis in elderly participants. Two short-term studies were carried out in resistance training participants [23, 24]. The first study with participants aged 56-80 years showed that protein intake (1.6 g/kg vs 0.8 g/kd) did not influence changes in body composition [23]. In the other study with participants aged over 60 years, high protein content diet (28% of energy intake) did not enhance myofibrillar synthesis after resistance exercise compared with low protein content diet (7% of energy) [24]. However, supplementation with infusion of pure amino acids had shown positive effects on muscle protein synthesis in the elderly [14]. These data may suggest that an effective nutritional intervention aimed to increased muscle mass in the elderly will need to be based on a protein source that has high bioavailability and amino acid utilisation. 
Protein effects on bone

Physiology

In the past, excessive protein intake has been thought to be detrimental to bone health by inducing chronic metabolic acidosis which could lead to increased calciuria and accelerated mineral dissolution [25]. However, recent studies with reliable assessments of whole body calcium retention and biomarkers of bone metabolism do not support this claim [26, 27]. In addition, one study with pre and post menopausal women has shown a direct effect of protein to increase gut calcium absorption [28]. In a calcium supplementation trial with elderly men and women, the positive effects of protein intake on bone gain was only shown in the calcium supplemented group, and the placebo group showed a non-significant trend in the opposite direction [29]. Therefore, increased dietary protein may be beneficial rather than detrimental to bone health in the presence of adequate calcium intakes. Besides providing amino acids as substrates for building matrix, protein intakes have been shown to be positively associated with the increased circulating levels of IGF-I, a recognized bone growth-promoting factor [17, 18]. 
Epidemiological studies 
Although epidemiological studies with younger subjects have shown variable results on the effect of protein on bone mass and fracture risk [30-32], studies with elderly subjects have consistently shown that relatively high protein intake were associated with reduced bone loss [5, 8, 9] and reduced risk of hip fracture [6, 7]. For example, the Framingham Osteoporosis Study [5] showed that the lowest two quartiles of protein intake (<67 g/d) were associated with greater bone loss at the femoral neck, compared to the highest quartile (>84 g/d). Our own study in 1077 elderly women has shown that women with a protein intake below 66 g per day had a significantly lower BMD at the hip and femoral neck compared to those with a protein intake above 87g/d [9]. Munger and colleagues [6] showed that dietary protein intake, especially from animal sources, was associated with reduced incidence of hip fracture in postmenopausal women. In a large cohort study in 40,000 middle-aged Norwegians with an average follow-up of 11.4 years, elevated risk of high fracture was only found in women with a high protein intake from non-dairy animal sources and a low calcium intake [33], suggesting the protein source and background calcium intake my strongly influence the response of the bone. 
Randomised controlled trials 

Schurch and colleagues [17] have shown in older subjects following hip fracture that protein supplementation reduced bone loss at the non-fractured hip site. Also in elderly subjects, Prince and colleagues [34] directly compared a calcium supplement alone with a milk powder supplement containing the same amount of calcium and 20 g of protein. Both interventions improved hip bone density compared to placebo, but the study was not designed or powered to detect interactive effects of calcium and protein. 

Two short term studies have examined the effects on calcium homeostasis of increasing protein in the diets of postmenopausal women, and men and women older than 50 years by adding meat [26, 27]. Protein intakes were increased from 0.94 to 1.62 and from 0.78 to 1.55 g/kg per day, respectively. There was no difference in calcium retention and urinary calcium losses in the participants consuming high or low meat diets. There were no effects on biochemical markers of bone turnover in the first study. However, in the later study increased protein intake was associated with reduced urinary excretion of N-telopeptide, a marker of bone resorption and an increased level of plasma IGF-I concentration was observed.

Protein and body composition

Increased protein density in the diet leads to increased energy expenditure through increased thermogenesis associated with protein digestion and reduces energy intake by increasing satiety [35]. In obese participants, it has been shown that free consumption of a high-protein low-fat diet had led to reduced energy intake and increased rate of weight and fat loss in comparison to free consumption of a low-protein low-fat diet [36]. In an animal study, it was shown that whey protein down-regulated fatty acid synthesis in the liver, and thus may reduce accumulation of body fat [37]. The role of protein in the long-term regulation of body weight and body composition is not clear.   

Protein source for dietary intervention

There are no consistent findings about whether the protective effects of protein on bone loss or fracture are related to vegetal or animal protein. One study found that a high ratio of dietary animal to vegetable protein led to increased bone loss and increased fracture [38], whereas other studies have shown that animal protein is important in preventing bone loss [5] and fracture [6]. It appears that rapidly digested protein such as whey protein may be more efficient for maintaining muscle mass in the elderly than slowly digested protein [22]. Whey protein has also been shown to promote bone formation in in vitro and animal studies [39, 40]. In an animal study, it was found that high whey protein diet was more effective than high red meat diet in reducing body weight gain [41]. On above basis, we have selected whey protein as the test substance. Whey protein was chosen as the supplementation protein also because it has the highest biological value of any available protein.

Safety of whey protein intervention

Renal function

The increased dietary protein is unlikely to cause decline in renal function in participants with normal glomerular filtration rate (GFR). In an 11-year prospective study with 1624 women aged 42-68 years, it was found that high protein intake was not associated with renal function decline in women with normal renal function [42]. 

Cardiovascular risk factors

Whey protein is a rich source of angiotensin-I-converting enzyme (ACE) inhibitory peptides. One study in spontaneously hypertensive rats has shown that whey protein derived ACE inhibitory peptides could reduce blood pressure significantly [43]. One human study has demonstrated that consumption of whey protein hydrolysates could result in a significant reduction in blood pressure [44]. The length of both studies was very short and the issue of consistent absorption of peptides has not been satisfactorily answered. The effects of long term whey protein supplementation on blood pressure have not evaluated. Deleterious effects of increased whey protein on lipids and glucose profiles are unlikely. Studies have shown that dietary whey protein has the effect of suppressing hepatic fatty acid synthesis [37], stimulating insulin release, and reducing postprandial glycemia in both healthy and type 2 diabetic subjects [45, 46]. 

Hypotheses
1. We will detect improvement in bone structure, muscle mass and body composition in the supplemented group (efficacy outcome).
2. These effects are associated with increased concentrations of IGF-I (mechanism).
3. There will be no deleterious effects on renal function and risk factors of cardiovascular disease (safety). 

4
Objectives

1. To determine the effects of protein supplementation on bone and joint structure and muscle mass measured using whole body and hip dual energy X-ray absorptiometry (DXA) and quantitative computed tomography (QCT) of the spine, hip,  forearm and tibia. 

2. To examine the effects of protein supplementation on the renal function and risk factors of cardiovascular diseases (glomerular filtration rate, blood pressure, blood profiles of lipids and glucose, serum c-reactive protein). 
3. To examine the effect of protein supplementation on body composition using anthropometry (height, weight, waist circumference, waist and hip ratio, skin fold), DXA body composition and CT abdominal fat.

4. To determine if the effects of increased dietary protein on musculoskeletal system is related to changes in circulating insulin-like growth factor one (IGF-I).
5
Study Plan & Schedule of Assessments

5.1
Methods of collecting data

5.1.1 Bone and muscle structure

Dual Energy X-ray Absorptiometry (DXA) 

Bone mineral density will be measured at baseline, 12 and 24 months on a Hologic 4500A bone densitometer (Hologic Corp., Waltham, MA, USA) at the hip and whole body with CVs under 2 % in our laboratory. Lean and fat body mass will be derived from the whole body scan. Vertebral fracture analysis (VFA) will be carried out at baseline, 12 and 24 months. 
Peripheral quantitative computed tomography (pQCT) 

Scans will be undertaken at baseline, 12 and 24 months using a Stratec XCT 2000 (Stratec Medizintechnik GmbH, Pforzheim Germany). The voxel size will be set at 150µ in the x and y direction and 1000µ in the z direction, which will increase the scan time to five minutes. At radius, the distal radius (4% site) and the 20% site will be measured. At tibia, the distal tibia (4% site) and tibia shaft (38% site) will be measured. The CV error in our laboratory for total BMD is 4.6%, for trabecular BMD is 4.0% and for cortical BMD is 8.0%. A previously validated biomechanical parameter, the Stress Strain Index (SSI), will be calculated as the product of the section modulus and cortical density normalized to the maximal physiological cortical density of human bones (1200 mg/cm3) for the polar moment (CV is 5.8%) and the bending moments in the x (CV is 3.3%) and y (CV is 2.6%) directions, where the y direction is the widest part of the radius and the x direction is perpendicular to this. The muscle cross sectional area will be calculated using the same hardware and software. 
Quantitative computed tomography (QCT)

QCT scans of spine and hip will be undertaken at baseline and 24 months using a Phillips 64 slice scanner. 
QCT Left Hip

Scans parameters: Peak voltage 120 kV, 100 mAs, 1mm slice thickness, pitch 1.

The patient will be positioned on top of the Mindways calibration phantom and will be positioned according to the Mindways manual. The scan will commence 1 cm below the lesser trochanter and continue to 5mm above the left femoral head. 

Reconstruction parameters:

First reconstruction, reconstruction field of view: 40cm, reconstruction increment: 1 mm, using kernel B.

Second reconstruction the left hip only reconstruction field of view: 15 cm, reconstruction increment 1 mm, kernel B, the calibration phantom will not be visible in this FOV. 
The images will be saved in DICOM format and will be sent to Endocrinology, SCGH.

QCT Spine 

Scans parameters: Peak voltage 120 kV, 50 mAs, 1mm slice thickness, pitch 1

The patient will be positioned on top of the Mindways calibration phantom according to the Mindways manual. The scan will commence at the xiphoid level and scan down a length of approx 10 cm to include T12, L1 and L2.  Patients can breathe normally during the scan.

The images will be saved in DICOM format and sent to Endocrinology, SCGH.

Dose reduction

The maximum mAs will be set at 100 for hip scan and 50 for spine scan. Dose reduction functions of ACS (automatic current selection) and DOM (dose modulation) will be used to reduce the radiation dose according to the size of patient. 

5.1.2 Assessment of physical function
· Muscle strength: hand grip strength will be assessed by a hand dynamometer. Lower limb peak strength of knee flexors/extensors, hip flexors/extensors, hip adductors/abductors and ankle dorsiflexors will be measured with subjects are seated and standing using a strain gauge. Subjects will be given a practice attempt for each muscle group. They will then be given two attempts, where the greater of these will be recorded.  
· Mobility functioning will be measured by the Timed Up and Go Test (TUAG). The TUAG test requires the participants to be timed while getting up, walking 3m, turning, returning to chair and sitting down again. The test will be practised once and then timed.  
· Blood pressure will be assessed using an automated sphygmomanometer after being seated for five minutes. 
· Romberg test will be used to assess balance function of participants.
5.1.3 Anthropometry

Standing height will be measured by a wall-mounted stadiometer to the nearest 0.1cm and body weight will be measured by an electronic scale to the nearest 0.1 kg. Mid upper arm triceps skin fold will be measured by a caliper to the nearest 0.01cm. Waist and hip girth will be measured by a tape measurer to the nearest 0.1 cm. Total body fat mass will be assessed by a bio-impedance apparatus. 
5.1.4 Biochemistry 

Fasting blood and urine samples and a 24-hour urine collection will be taken at baseline, 1 and 2 years. The venous blood sample will be collected in the morning after an overnight fast from 10 pm. The serum will be rapidly separated from the blood after collection. 
· 24-Hour Urine Nitrogen: Underreporting may occur with food records so an external marker of protein intake, 24-hour urine nitrogen, will be measured on days 2 and 3 of the food record by asking participants to collect a 24-hour urine sample. At screening, we will use urine nitrogen as an objective cut-off for excluding participants with high dietary protein intake.
· Renal function: Blood and urinary creatinine concentration will be assessed and GFR will be calculated.
· Biochemical variables related to cardiovascular disease: Fasting blood lipids, glucose, C-reactive protein will be measured by routine laboratory methods. The assessment of apolipoprotein E, homocystine, and red cell folate and insulin will also be made if funding from other sources can be obtained. 
· IGF-I: Serum IGF-I will be assessed by radioimmunoassay. 
· Others: fasting blood calcium, albumin and alkaline phosphatase will be assessed by routine laboratory methods.
5.1.5 Quality of life
Quality of life will be assessed using Short Form 36. This generic health status measure includes groups of questions which can separately assess physical status and psychosocial status and takes into account disability and dependency, social factors, level of pain and general well-being. The SF-36 has been validated for use in Australia [47]. Standardized instructions will be given to the participants.  The domains of Physical Functioning, Role-Physical, Bodily Pain, General Health, Vitality, Social Functioning, Role-Emotional and Mental Health will be calculated.  The SF-36 summary statistics, the physical and mental component score (PCS and MCS) will be derived from these domains using Australian normative data [48] using calculations outlined in Ware [49]. Participants will be scored out of 100 for a summary mental (MCS) and physical (PCS) score with a higher score indicating a better health state.  
5.1.6 Dietary assessment

The subject’s diet will be assessed by 3-day food record (weighed and household measures) analysed for protein, calcium, energy and other nutrients using the AusNut database (Foodworks Professional edition version 3.02). Participants will be provided with weighing scales and will be given instructions on how to do the 3-day weighed food record. On returning the food record, participants will be interviewed by the research assistant to clarify types and amounts of food recorded. University students majoring in nutrition, who have undergone advanced competency training in dietary assessment, will complete all analysis. Beverage intakes will be assessed by a frequency questionnaire. At screening, a food frequency questionnaire will be used to assess protein intake. 
5.1.7 Physical activity  
Physical activity level will be assessed by the International Physical Activity Questionnaire (www.ipaq.ki.se <http://www.ipaq.ki.se>) which will be completed by the subjects at hospital visit. From these records the subject’s physical activity will be compared to Australian normative data. Activity of daily living will be assessed by the Barthel Activity of Daily Living questionnaire. 
Accelerometers will be used to assess a subject’s daily physical activity. They differ from pedometers in that they can provide continuous data throughout the day on incidental exercise, as well as the intensity and timing of exercise. This information can only be downloaded by the researcher, therefore subjects cannot access the data. Subjects will be asked to wear an Actigraph accelerometer for 7 days at baseline and at 12 and 24 months. It will be worn at the left hip throughout the waking hours, removed only for showering and swimming. Data collection will be at one-minute intervals over the day. The data will be downloaded to a computer interface according the manufacturers specifications, using software provided. Minute-by-minute data will be summarised into daily averages for activity counts (counts per minute per day) and activity durations (minutes per day) in specific intensity levels (inactive, light, moderate, vigorous). A calculated weight-bearing MET score will be determined. This will allow monitoring of incidental physical activity in all participants. 
5.1.8 General information

Demographic information for participants such as health history, education, past occupation and smoking history will be obtained by a demographic questionnaire.

5.1.9 Adverse events 
Adverse events data will be collected by an adverse event diary. Participants will complete the adverse event diary during the study and return the diary every 6 months at clinic visit or by mail. We will use the same method as used during our CAIFOS study in which over 90,000 adverse events were coded using the ICPC2 plus system [50], a validated method of event recording developed for use in general practice. Our error rate is less than 1%. This system will be used to rack falls and fractures.
5.1.10 Mini mental state test

This will be administered at baseline with the aim of excluding those participants who demonstrate significant cognitive impairment.

5.2
Study Plan


Recruitment  This will be by mail to addresses obtained from the Electoral Roll to ensure a population based study. Two hundred and twenty women will be recruited in a 6 month period. To achieve this, approximately 10,000 letters will be mailed to registered females aged 60-80 years. After a return contact by post or telephone (estimate 18% response rate), telephone screening will ensure the inclusion criteria for each subject have been met. Eligible volunteers will be sent a study outline and informed consent document and booked in for a baseline clinic visit. 10-15 participants will attend baseline appointments each week. The study will be approved by the Human Ethics Committee, of Sir Charles Gairdner Hospital.

Baseline visit All participants will undergo medical screening and a letter will be sent to the subject’s general practitioner notifying them of their participation in the study. After signing the informed consent document, volunteers will undertake the baseline studies and will be given 3 days’ supply of the study drink to see whether they are likely to comply with the study requirement.  If eligible, participants will be randomized to one of two treatment groups. Participants who have high habitual protein intake (>1.5g/kg body weight per day) as assessed by the food frequency questionnaire but meet all the other inclusion criteria will be invited to act as un-supplemented community controls. 
12 months – Participants will undergo reassessment of all measures performed at baseline except for QCT of hip and spine.  Twelve month visit window will be ± two weeks from baseline date.
24 months - Participants will undergo reassessment of all measures performed at baseline.  Twenty four month visit window will be ± two weeks from baseline date.


[image: image1]
5.3
Schedule of Assessments

	Visit
	Screen
	Baseline
	12 months
	24 months

	
	
	Visit 1
	Visit 2
	Visit 3
	Visit 4
	Visit 5
	Visit 6
	Visit 7
	Visit 8

	Time
	-2
	0
	
	
	
	
	
	
	

	Telephone screening 
	X
	
	
	
	
	
	
	
	

	Informed Consent
	
	X
	
	
	
	
	
	
	

	Letter to GP
	
	X
	
	
	
	
	
	X
	

	Randomisation
	
	
	X
	
	
	
	
	
	

	Run-in test drink
	
	X
	
	
	
	
	
	
	

	DXA of hip and whole body
	
	X
	
	
	X
	
	X
	
	

	VFA
	
	X
	
	
	X
	
	X
	
	

	pQCT of forearm and tibia
	
	X
	
	
	X
	
	X
	
	

	QCT of hip and spine
	
	
	
	X
	
	
	
	
	X

	Muscle strength (hand grip and lower limb)
	
	
	X
	
	
	X
	
	X
	

	Timed Up & Go
	
	
	X
	
	
	X
	
	X
	

	Romberg test
	
	
	X
	
	
	X
	
	X
	

	Blood Pressure
	
	X
	
	
	X
	
	X
	
	

	Anthropometry
	
	X
	
	
	X
	
	X
	
	

	Blood collection
	
	X
	
	
	X
	
	X
	
	

	SF-36 
	
	X
	
	
	X
	
	X
	
	

	Demographic questionnaire 
	
	X
	
	
	X
	
	X
	
	

	Physical activity questionnaire
	
	X
	
	
	X
	
	X
	
	

	Barthel ADL questionnaire
	
	X
	
	
	X
	
	X
	
	

	Beverage intake questionnaire
	
	X
	
	
	X
	
	X
	
	

	Physical activity monitor
	
	
	X
	
	
	X
	
	X
	

	3-day food record
	
	
	X
	
	
	X
	
	X
	

	24 h urine
	
	
	X
	
	
	X
	
	X
	

	Treatment start
	
	
	X
	
	
	
	
	
	

	Compliance
	
	
	
	
	X
	
	X
	
	

	Mini mental state
	
	X
	
	
	
	
	
	
	

	Food frequency questionnaire
	
	X
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Inclusion Criteria

· Women aged between 60 and 80 years. 

· A signed and dated written informed consent obtained prior to participation.

· Able to comply with the requirements of the protocol.

7
Exclusion Criteria

· Participation in another clinical trial during the last 12 weeks 
· Previous osteoporotic fracture.
· Currently or within last year taking medication for osteoporosis (Bisphosphonates Fosamax/ Actonel/ Zoledronate by drip, Evista, Teriparatide injection, Protos (strontium ranelate), HRT ) apart from calcium or vitamin D 
· Taking steroid tablets (eg Cortisone) in the past 3 months or have taken more than 7 g in total in lifetime
· Metabolic bone disease apart from osteoporosis. 
· Total hip bone density more than 2SD below the mean for their age. Because all participants will receive calcium supplementation and detailed advice on appropriate sun exposure we will not exclude osteoporotic patients without fracture.
· Lactose intolerance or do not like milk products
· High protein intake as assessed by food frequency questionnaire (equivalent to protein intake more than 1.5 g/kg body weight per day)
· Cognitive impairment (MMS < 24)
· BMI > 35 kg/m2
· Bowel surgery resulting in difficulty absorbing food or other reasons caused difficulty absorbing food 

· Coeliac disease

· Clinical hepatic insufficiency 
· Clinical diagnosis of diabetes

· Renal insufficiency  - creatinine more than twofold the upper limit of normal.
· Participants who, in the opinion of the investigator are not likely to complete the study for any reason.
· Participants who, in the opinion of the investigator are not likely to complete the study due to serious physical or mental disease.
· Participants who, in the opinion of the investigator, abuse alcohol or drugs.
· Participants with any clinically significant abnormality following review of screening laboratory data. 
The proportion of participants not considered eligible will be reported. 
8
Study design 

The study design is a two-year randomised, double blind, placebo controlled, prospective study to examine the effectiveness of protein supplementation for the prevention of osteoporosis and muscle wasting in elderly women, and the safety of such an intervention through monitoring renal function and risk factors for cardiovascular disease. This study will also have an un-supplemented community control group who has habitual high protein intake. 
9
Randomisation

The study will use a computer-generated randomisation sequence with a block size of four to assign participants to protein drink or placebo drink in a ratio of 1:1. The randomisation code will be generated by an independent research fellow and will be placed in sealed envelops. All participants who fulfil the inclusion criteria at the baseline visit and randomised to a treatment will be allocated a number and assigned to one of the treatment groups. The study participants and the study staff remained blinded to the treatment code until all the data had been entered, evaluated for accuracy and the a-priori hypotheses reviewed.
10
 Interventions
Participants in the protein group will receive a 250 ml milk based high protein supplement drink reconstituted with cold water from the protein drink powder, providing 30 g of protein, 600 mg of calcium (given as calcium lactate) and 4.2 KJ/ml. The protein source will be whey protein isolate (Alacen 894). Participants in the placebo group will receive an isocaloric placebo drink reconstituted with cold water from the placebo drink powder which has the same energy (KJ) and calcium content but only contain 1.7 g protein per 250 ml. All participants will receive a daily test drink for the duration of the study. Participants will be instructed to have the test drink with the meal which they have the highest protein intake, to create a “pulse” protein intake, thus to maximize the effects on muscle. Both groups will be advised on how to maintain their caloric intake by reducing intake of high-fat content foods.
Although there are commercial protein drinks available which contain between 20 to 40 g of protein per 250 ml these are not considered suitable for the trial, as they have added vitamins, minerals and amino acids, which could be confounding variables. Furthermore an identical placebo drink in regard to appearance, taste and mouth feel is not available. 
Vicky Solah, Food Technologist, had developed the supplement protein and placebo drink products at Curtin University to have the same colour, viscosity (mouth feel) and taste. The base product for the low protein test article is skim milk to keep protein low. The high protein product uses skim milk plus whey protein isolate to increase protein as measured by the Kjeldahl method. Xanthan gum, natural flavouring and natural emulsifying agents are used to provide a similar texture and flavour to the drinks. The test drink will be provided in several flavours, i.e. coffee, chocolate, strawberry, etc. Palatability and convenience have been addressed in the development of the supplement and placebo.
Study drink storage, dispensing and labeling 
Final testing of the products will be conducted to ensure acceptability and that no differences in colour or viscosity exist using standard sensory evaluation techniques and analytical methods. A taste panel with 30 panelists will assess the palatability of the final product and determine whether the placebo drink can be distinguished from the high protein drink. 
Food technologists from Curtin University, who are trained in food safety, microbiology and HACCP, will mix the powder from food grade ingredients approved by Food Safety Australia and New Zealand (FSANZ) in a commercial food factory that has Hazard Analysis and Critical Control Points (HACCP) approval. The product is low risk but when packaged will be stored at 5 °C until delivery. A sample from each batch (selected at random) will be monitored weekly to assess any change in quality and stability by making up the sample according to directions and measure pH, color and bacterial contamination by total plate count.

The randomisation code will be produced by a research fellow not involved in recruiting and assessing participants and will be kept in the Food Science and Technology Unit, School of Public Health, Curtin University where the product labelling will be undertaken. The drink powder will be packed in identical packages marked only with the subject’s name and study number. By making the taste of the placebo drink and the high protein drink indistinguishable, the study participants will be concealed from the assignment. Test drink powder will be provided to participants at clinic visits or delivered to participants’ home every 3-6 months and unconsumed drink powder will be picked up. Participants may also choose to pick up their drink powder at the Sir Charles Gairdner Hospital or the Curtin University of Technology every 3-6 months. Participants will be given instruction on how to reconstitute milk like drink from the drink powder with tap cold water. Participants will also be asked to recorded unconsumed drink on a dairy (fridge chart), and compliance will be calculated based on this record.  
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Power calculations

A sample size of 85 in each group will be sufficient to detect a difference of 3% on change in hip bone mineral density (BMD) and total body lean mass, the primary outcome variables, assuming a standard deviation of 6% based on our previous study, at 90% power and 5% level of significance. This sample size also allow us to detect 16.5 μg/L difference in serum IGF-I concentration (SD 33μg/L), a main biochemistry outcome, at 90% power and 5% level of significance. This number has been increased to 110 per group (total of 220) to allow for a predicted drop-out from treatment of around 30% which we have reported in previous studies of a similar age group. 
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Data management and analysis

All data in Section 5 will be entered from the hard copy source data into an Access database designed for the study and then into SPSS. Data verification using normal methods will be undertaken. 
The trial will yield an "Intention to treat" population (all those who have received at least one dose of the study drink) and a "Per protocol" population (all those who have completed with consumption of over 80 % of the drinks without a protocol violation).

Withdrawals (protocol violations, broken blinding, withdrawal in the patient's interest, etc)

· Withdrawals will be handled as missing values in the statistical analysis. Data for those participants who withdraw will be used up to the time of withdrawal.

· Blinding may be broken only in a Serious Adverse Event at the discretion of the Chief Investigator.

Statistical Analysis

An intent-to-treat analysis approach will be employed to measure the effectiveness of protein supplementation while ignoring the lack of full compliance. The primary outcome variables will be analyzed by using linear mixed-effect model analysis (visits 1–3) consisting of main effects and interactions for treatment and visits with time since baseline as the timeline, group effects as fixed, and subject effects as random. The advantage of linear mixed model is that it allowing for missing values and the variable intervals between visits. If the linear mixed model analysis indicated a significant treatment and visits interaction, the treatment effects (changes since baseline) at year 1 and 2 will be analysed by univariate analysis of covariance (ANCOVA), with baseline values as covariates, and the time effects will be evaluated by repeated-measures ANOVA in the treatment and placebo groups separately. Difference in categorical variables between groups will be analyzed by chi-square test or logistic regression where appropriate. The significance level for test statistics will be set at P < 0.05. All data were will be analyzed by SPSS (version 11.5; SPSS Inc, Chicago, IL) and SAS (SAS for WINDOWS version 9.1; SAS Institute Inc, Chicago, IL).
Primary outcome measures in this study will be DXA bone mineral density and lean body mass, and secondary outcome measures will be QCT bone structure and soft tissue composition, muscle strength, mobility and biochemistry variables. Explanatory covariates will be 24 hr urine nitrogen and drink test article consumption.
Interim analyses

· No interim analysis is planned.
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Adverse Events

Definition of Adverse Events

· Adverse drug reactions

· Illnesses with onset during the study

· Exacerbation of pre-existing illness, including the disease under study, which is defined as a manifestation (sign or symptom) of the illness that indicates a significant increase in the severity of the illness as compared to the severity at the start of the trial. This may include worsening or increase in severity of signs or symptoms of the illness, increase in frequency of signs and symptoms of an intermittent illness, or the appearance of a new manifestation or complication. Exacerbation of a pre-existing illness will be considered when a patient/subject requires new or additional concomitant drug or non-drug therapy for the treatment of that illness during the trial. 

· Abnormal test findings (e.g., abnormal laboratory test results) that result in a change in study intervention or in discontinuation of the study intervention, or require intervention or diagnostic evaluation to assess the risk to the participant.
Definition of Serious Adverse Events

A serious adverse event is any adverse experience occurring at any dose that:

1.
results in death;

2.
is life-threatening;

3.
results in inpatient hospitalisation or prolongation of existing hospitalisation;

4.
results in a persistent or significant disability/incapacity; or

5. results in congenital anomaly/birth defect.
Investigator's Responsibility to Report Adverse Events

For all adverse events, the investigator must pursue and obtain information adequate both to determine the outcome of the adverse event and to assess whether it meets the criteria for classification as a serious adverse event requiring immediate notification to the sponsor or the MAH/RIEC. 
For all adverse events, sufficient information will be obtained by the investigator to determine the causality of the adverse event (i.e., study intervention or other illness). 

Investigator's Responsibility to Follow-up and Characterise Adverse Events

Follow-up of the adverse event, after the date of therapy discontinuation, is required if the adverse event or its sequelae persist. Follow-up is required until the event or its sequelae resolve or stabilise at a level acceptable to the investigator and the sponsor. For all serious adverse events, the investigator is obligated to pursue and provide further information as requested by the sponsor's clinical monitor. In general, this will include a description of the adverse event in sufficient detail to allow for a complete medical assessment of the case and independent determination of possible causality. Information on other possible causes of the event, including concomitant medications and illnesses must be provided. The investigator's assessment of causality must also be provided. If causality is unknown, it should be attributed to study test item. In the case of a subject death, a summary of available autopsy findings must be submitted as soon as possible to the sponsor or its designated representative. The investigator should ensure that information is reported immediately by telephone or other means and information entered in the case report form is accurate and consistent.
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Administrative issues

Prof RL Prince

These include the role of Head Clinician who will be in overall charge of the clinical management of participants provided by junior trial doctors. He will oversee the progress of serious adverse events and adverse events. He will ensure that the ethical issues regarding the trial are met and adhered to by all staff. He will monitor the progression of subject recruitment and helps design strategies to improve recruitment rates. He has played a leading role in the research design of the study and protocol development.

Dr Kathy Zhu
Responsible for the design of the study especially aspects of the selection of test protein and the method of supplementation. She will be responsible for the training and coordinating of staff for the implementation of this project. She will assist with the protocol development and plan the daily clinic procedures with the research staff and monitor the progress of the study. This will include ethical issues regarding the trial and ensure GCP guidelines are being up held at all times. She will also supervise data entry, perform data management and data analysis and play a major role in preparing papers for publication. 

Dr Deborah Kerr
Responsible for the design of the study especially the protein drink development. She will be responsible for coordinating the study at Curtin University Site and the training of staff for the dietary analysis and anthropometry measurement and quality control on the dietary data.

Dr Amanda Devine
Responsible for the design of the study especially data collection. She will give advice on implementing recruitment strategies and the generation of recruitment letters and managing databases. She will assist with the protocol development and plan the daily clinic procedures with the research staff. Together will Dr Kerr, she will be responsible for the training of staff for the dietary analysis and quality control on dietary data. 

Ms Vicky Solah
Responsible for the design, develop and test the high protein and placebo drinks for sensory characteristics relating to palatability. She will liaise with Food Science Australia and dairy companies to ensure the timely production and the quality of the test drink.

Prof Colin Binns
Responsible for the overall design of the project, especially aspects of the implementation of the protein supplementation and the assessment of body composition and risk factors for cardiovascular diseases. He will also involve in the interpretation of data collected from this study.
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Compliance With Good Clinical Practice, Ethical Considerations & Informed Consent

This study will be conducted in compliance with the conditions stipulated by the Medical and Allied Health and the Human Research Ethics Committee, informed consent regulations and NH&MRC Guidelines. In addition, all local regulatory requirements will be adhered to, in particular those which afford greater protection to the safety of the trial participants.

This study will be conducted according to the current revision of the Declaration of Helsinki (Revised South Africa 1996) and with local laws and regulations relevant to the use of new therapeutic agents in Australia.

All amendments to the trial will be placed before the Human Research Ethics Committee and the Medical and Allied Health Committee for approval.

Any information that may affect either committee's decision to continue approval for the trial will be forwarded to the committees without delay.

An annual report will be issued, in accordance with the guidelines provided by the Human Research Ethics Committee.
Informed Consent

The investigator, or a person designated by the investigator will explain the benefits and risks of participation in the study to each subject, subject’s legally acceptable representative or impartial witness and obtain written informed consent prior to the subject entering the study (before initiation of non-routine tests and administration of the study intervention).

The final form will be as agreed with Medical and Allied Health Committee and Research Institute Ethics Committee and will contain all elements in the sample form, in language readily understood by the subject. Each subject’s original consent form, signed and dated by the subject or by the subject’s legally acceptable representative, and by the person who conducted the informed consent discussion, will be retained by the investigator.

Patient Information and Consent documents: 

The patients will sign the Patient Informed Consent Form at the screening visit before undertaking any study related procedures. The investigator, or a person designated by the investigator will explain the benefits and risks of participation in the study to each subject, and an impartial witness and obtain written informed consent prior to initiation of non-routine tests and administration of study intervention. All Participants will receive a copy of the document at the end of the visit. 

The final form will be as agreed with Medical and Allied Health Committee and Research Institute Ethics Committee and will contain all elements in the sample form, in language readily understood by the subject. Each subject’s original consent form, signed and dated by the subject or by the subject’s legally acceptable representative, and by the person who conducted the informed consent discussion, will be retained by the investigator (attached).
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Withdrawal criteria

Participants will be withdrawn from the study under the following conditions:

· Patient request

· If, in the opinion of the treating clinician, the patient's interests are best served by withdrawing from the trial

· Patient non-compliance

· Circumstances which, in the opinion of the investigator will prevent the patient from completing the trial treatments and procedures
17         Intention to treat

Participants who no longer want to take the test drink but want to remain in the study will become intention-to-treat (ITT) and will undergo the assessments listed in section 5.1 at 12 and 24 months. 
18
Emergency procedures

If the patient suffers an adverse reaction, they have the phone number of the Chief Investigator. This is included in the Patient Information and Consent Form.
19
Liability & Indemnity.

The risks of participating in this study are low. In the unlikely event of liability for an adverse event related to a per protocol event Sir Charles Gairdner Hospital will carry liability.
20
Study monitoring and auditing

It is understood that the Investigators will routinely inspect patient records and undertake data integrity checks.  It is the Investigators’ responsibility to verify the adherence to the protocol and the completeness, consistency and accuracy of these data being entered on them. The Investigators have access to all source data (reports) to verify entries on the Case Report Form and databases.
The Case Report Form and all source data and study documents would be made available in the case of an audit from the MAH or HREC. Patient confidentiality will be maintained in accordance with local requirements.
21
Documentation of study findings

The results of this study will be published in peer reviewed journals and presented at scientific meetings.  This will be after all investigators have agreed to the manuscript.  Authorship will be determined by mutual agreement in relation to normal standards relating to having played a substantial role in the study.

22
Record retention

Records will be retained for 15 years in a locked facility, in accordance with NH&MRC guidelines. Access to the records will be limited to treating clinician, chief investigator and his/her nominated co-investigators, designated representative of the sponsor and authorised representatives of any regulatory bodies.

23
Study dates

Starting date: February 2007
Recruitment closure: September 2007
Finish date: December 2009
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Investigator's Brochure

Not applicable
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Investigator Protocol Agreement
Not applicable ADDIN 
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