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Executive Summary 

Some studies have suggested that thiamin (Vitamin B1) may have a protective effect on 
the maintenance of cognitive functioning in older people. Loss of both muscle mass and 
muscle strength are prominent features of the aging process, and it has been shown that 
adequate protein intake, together with maintenance of resistance exercise training are 
important predictors of muscle strength in older adults. Pork is rich in both thiamin and 
protein content however the impact of pork consumption on both cognitive functioning and 
muscle strength has not been investigated.  

This study aimed to investigate whether a diet in which pork is provided as the main 
protein source in meals four times a week for 12 weeks resulted in improved muscle mass, 
body strength and cognitive function in community-living older adults. Cross sectional 
analyses were also conducted at baseline to investigate the association between dietary 
intake specifically protein and thiamin, with cognitive functioning and to assess 
associations between age, body composition, upper and lower body strength, functional 
exercise performance and nutritional status.  

Community-living older people aged ≥60 years that were residents of independent lifestyle 
villages of the Illawarra Retirement Trust, in Wollongong, New South Wales were recruited 
to a 12-week quasi-experimental study. Facilities were randomised to receive pre-
prepared frozen meals containing either pork or chicken. Meals were delivered weekly to 
individual participants within each of the facilities. Dietary intake was collected using a 
three-day food record and various domains of cognition were tested using a series of 
validated tests. Measures of body composition including height, weight, body mass index 
and percentage body fat percentage were collected. Upper and lower body strength was 
assessed using hand grip strength, the sit-to-stand test and the get up and go test. The 6-
minute walk test was used to assess functional performance. The Mini Nutritional 
Assessment was administered to determine nutritional status. Three focus groups were 
conducted with 18 older adults in order to gather information on factors affecting dietary 
habits and particularly inclusion of pork in their diets.   

Forty-eight volunteers participated (mean age: 78.2±6.2 yrs.; BMI: 28.9±5.3kg/m2; MNA 
Score: 26.9±2.4; 35% men). At baseline, no significant association was found between 
protein or thiamin and the tested domains of cognition. Associations were found between 
vitamin D intake and the Letter Fluency Test (r=-0.302, p<0.05) and Rey-Auditory Verbal 
Learning Test (RAVLT) (r=-0.400, p<0.001) and between both carbohydrate (r=0.383, 
p=<0.05) and iron intake (r=0.333, p<0.05) and the Geriatric Depression scale.  At baseline, 
weight was inversely associated with performance in the sit-to-stand test (r=-0.327, 
p<0.05) and body mass index was inversely associated with performance in the 6 minute 
walk test (r=-0.320, p<0.05). Left hand grip strength declined with age in both males and 
females (r=-0.484, p<0.05, r=-.430, p<0.05, respectively). Energy intake was positively 
associated with both right and left hand grip strength (r=0.444, p<0.01, r=0.397, p<0.01; 
respectively). In linear mixed models that controlled for baseline physical activity and 
accounted for dietary protein and energy intake throughout the study, no differences were 
found between pork and chicken groups for any of the outcome variables. Participants in 
the chicken group had significantly improved measures on the RAVLT test (verbal learning 
and memory) at 6 weeks (P<0.001).  Focus groups indicated that quality and price were 
important considerations for food choices and a preference for Australian sourced foods.  
Participants expressed a strong desire to remain independent and undertook strategies to 
positively influence their health status, including making healthy dietary choices.  
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In a sample of generally healthy, well-nourished older adults, no association was shown in 
a cross sectional analysis between protein or thiamin intake and the tested components of 
cognition. A slight increase in thiamin intake was achieved in participants by the provision 
of four pork meals a week, but this did not result in improvements in cognitive function, 
nor measures of strength or physical function.  This innovation study provides the Pork 
Industry with insights into the acceptance of pork by older adults and suggests that merely 
changing the type of dietary protein provided by meat does not affect measures of physical 
and cognitive function.  
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1. Introduction 

Mounting scientific evidence has provided information on the role of nutritional status on 
functional capacity and overall health of aged individuals, and a number of studies 
demonstrate that protein is a key nutrient for this in the elderly (Morais, Chevalier et al. 
2006; Koopman 2011). As humans age body composition changes, most notably with a 
reduction of total body protein incorporating both skeletal muscle and physiologic proteins 
(Chernoff 2004). In frail and elderly populations a high intake of protein, especially when 
paired with adequate physical exercise, is associated with a higher proportion of skeletal 
muscle mass and improved functional performance (Koopman 2011).  However, a number 
of studies suggest that protein may have more positive results on health when consumed 
at intakes beyond the Nutrient Reference Values in relation to weight management and 
satiety, glucose homeostasis, sarcopenia, and bone health (Rodriguez and Garlick 2008). 
While the recommended dietary intake value  (RDI) for adults for protein is 0.8 grams of 
protein per kilogram of body weight, it has been argued that older adults may require in 
excess of 1.0 g/protein/kg (Chernoff 2004) in order to improve immune status, wound 
healing, blood pressure and bone health (Wolfe, Miller et al. 2008). Although an additional 
number of underlying mechanisms contribute to age-related decreases in skeletal muscle, 
inadequate dietary protein intake may accelerate this progression and dietary surveys 
indicate that many Australian older adults consume sub-optimal amounts of dietary 
protein (Houston, Nicklas et al. 2008). Additionally, older adults demonstrate a resistance 
to protein synthesis following protein feeding and a reduced ability to lower protein 
degradation after the consumption of a meal (Castaneda, Charnley et al. 1995).  

Impact of quality and type of protein intake on body composition in older adults 

The quality and type of protein is an important factor that has rarely been taken into 
account in studies of optimal protein intake in the elderly population.  Recent research 
shows that protein sources that contain a relatively high proportion of essential amino 
acids, such as proteins found in meat and dairy products, are more effective than 
vegetable proteins at stimulating protein synthesis (Børsheim, Bui et al. 2008). The three 
year Health, Aging and Body Composition study similarly found that intake of animal 
protein, but not vegetable protein was positively associated with maintenance of lean 
body mass in elderly individuals (Houston, Nicklas et al. 2008).  

Diet, exercise and prevention of sarcopenia  

Body composition influences cognitive and physical functional status, nutritional and 
endocrine status, quality of life, and co-morbidity in the elderly (Baumgartner 2000). 
Functional ability relates to the ability to perform basic activities of daily life without 
support, which is the key to overall independence and quality of life in later life. 
Sarcopenia (ie. age-related loss of muscle mass and function) often accompanies weight 
loss in older people and is a key determinant in the development of functional disability. 
Prevention of sarcopenia therefore represents a fundamental outcome for community-
based interventions in older adults. Resistance exercise training is the primary means of 
treating sarcopenia (Fielding 1995), especially when exercise is combined with adequate 
protein intake (Campbell, Trappe et al. 2002). However, the role of pork as a primary 
protein source in the prevention of sarcopenia is yet to be demonstrated.  

Role of pork in the diets of older people 

Improvements in breeding, feeding and rearing practices implemented by the pork 
industry in Australia have ensured that pork meat provides a good source of protein that is 
lower in fat than other meat sources (Greenfield, Arcot et al. 2009). To date, pork has 
been largely overlooked as a source of protein in research that investigates nutritional 
interventions in the older population. In addition to a desirable macronutrient profile, 
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pork provides a range of micronutrients and minerals that are essential to the diet. Of 
significance, pork provides a considerably greater proportion of B vitamins, such as 
thiamin, than other meat sources. Broiled pork provides 0.658mg thiamin per 100g (USDA, 
2009a), compared to broiled beef, which provides 0.07mg thiamin per 100g (USDA, 2009b). 
Thiamin is well retained in pork during cooking and processing (Greenfield, Arcot et al. 
2009). Thiamine or vitamin B1 is an essential nutrient involved in brain metabolic and 
cellular functions, including carbohydrate metabolism and neurotransmitter production. 
Thiamin is necessary for the biosynthesis of the neurotransmitter acetylcholine and 
gamma-amino butyric acid (GABA), which are important neurotransmitters for some 
cognitive functions, including memory and attention.  

Thiamin (Vitamin B1) has been linked to cognitive functioning as thiamin is involved with 
the oxidative and glucose metabolism through the thiamin-dependent processes, a process 
that is essential to provide cerebral supply (Gibson et al., 2013). Reduced oxidative 
metabolism is related to the reduction of acetylcholine synthesis which leads to cognitive 
disorders such as delirium (Gibson et al., 1991). One study found that thiamin deficiency is 
common in geriatric patients, there was no significant association between thiamin 
deficiency and delirium but they identified associations between thiamin deficiency and 
falls, depression, AD and cardiac failure (Pepersack et al., 1999). Patients with senile 
dementia of the Alzheimer’s type (SDAT) have been reported to have low plasma thiamin 
levels and higher rates of thiamin deficiency in comparison to patients without SDAT (Gold 
et al., 1995). In addition, post-mortems have also demonstrated that AD patients have 
decreased thiamin-dependent enzymes compared to patients without AD (Gibson & Blass, 
2007). A study on rats suggested that thiamin deficiency is related to various pathological 
processes that damages neurons and results in tissue loss in the brain which affects 
cognitive and memory abilities (Langlais & Savage, 1995).  

It has been hypothesised that a high thiamine intake may be beneficial in the prevention 
and treatment of neurodegenerative diseases (Rodríguez-Martín, Qizilbash et al. 2001), 
however the few supplementation studies in humans that were conducted in the early 
1990s showed inconsistent results. 

Cognitive impairment increases with age and there are estimates that nearly half of the 
population over the age of 85 have been diagnosed with a neurodegenerative disease or 
have some evidence of loss of cognitive functioning (Van Dyk and Sano 2007). The rapid 
aging of the Australian population, as is the trend globally, necessitates a heightened 
concern regarding the prevention or at least delay of cognitive decline (Dear, Jorm et al. 
2005). Blood levels of tthiamine and thiamin dependent enzymes have been found to be 
lower in those with dementia of Alzheimer's type compared to age-matched older adults 
that do not have dementia (Sonnen, Keene et al. 2007). Supplementation studies of 
thiamin show promising results in patients with mild to moderate Alzheimer's disease 
(Mimori, Katsuoka et al. 1996) (Blass, Gleason et al. 1988) but this has not been consistent 
(Nolan, Black et al. 1991).  Measures of cognitive function that have been used in previous 
studies are mostly broad and insensitive, and may have been unable to detect small 
changes in cognitive functioning, especially in older adults without a pre-existing 
neurodegenerative disease. Furthermore, many of these studies use progression to 
dementia as the outcome variable of interest, rather than assessing the impact of thiamin 
intake on specific domains of cognitive functioning, such as executive processing functions 
or memory.  

Based on evidence to date, we propose that the nutritional profile of pork offers a food-
based strategy to improve both physical and cognitive functioning in older people. 

 



 

 

  6  

2. Methods 

Study 1: Quasi experimental trial 

A quasi experimental trial was conducted, in which residents aged 60+ years from lifestyle 
aged care facilities received either (1) a dietary pork intervention or (2) chicken-
containing meals (control) for 12 weeks. Facilities, rather than individuals, were 
randomised to the study groups, in order to allow for unknown confounding factors. The 
purpose of this innovation project was to provide proof of concept for later investment in 
a larger randomised controlled trial. We have used the most cost and time efficient design 
to research an important outcome, namely the role of a diet that includes pork 4 times 
per week on changes in body composition, strength and cognitive functioning in older 
adults.  

Facilities were randomised to either receive; 1) Pork meals - choice of four pork-
containing meals per week or 2) Control Group – choice of four chicken meals per week. 
The study design is shown in Figure 1. The meals were prepared by the Illawarra 
Retirement Trust, before being frozen and delivered to participants at their homes once a 
week by Flagstaff Fine Foods.  

Participants, sample size and recruitment 

A sample size of 24 per group was required to obtain statistical differences between 
groups, based on expected change in arm muscle circumference (ie. muscle mass) of -2.79 
(SD = 5) % in control participants, compared to 1.66 (SD=5) % in the intervention group 
(α=0.05; ß=0.8); recruiting 30 in each arm allows for a 20% drop-out. This sample size is 
larger than some other published studies of dietary interventions of this nature that have 
shown beneficial effects (Jakobsen, Kondrup et al. 2011). We planned to recruit 60 
independently living participants aged 60+years from lifestyle retirement villages 
throughout the Illawarra region.   

This study was limited to relatively healthy older people aged ≥60 years with no serious 
cognitive impairment that lived in independent-living facilities of Illawarra Retirement 
Trust in regional New South Wales (NSW). Participants were recruited via mail-drops with 
an invitation to a study information session at separate sites. Participants were instructed 
to continue with their usual diets but to substitute four meals per week with the provided 
meals. The four meals could be consumed at any meal time on any four days within a 
week.  

Exclusion criteria: Uncontrolled hypertension, unstable Type 1 diabetes, food allergies, 
vegetarianism, physical disability that limits walking, severe dementia, dysphasia. 
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Figure 1- Study design  

Flyers advertising the trial were delivered to residents from 10 lifestyle residential care 
villages within the Illawarra region of New South Wales, Australia, in April 2014, inviting 
interested parties to attend an information session about the study. 

All consenting participants were randomly assigned by cluster (e.g. retirement village) to 
minimise the potential contamination between the two diet groups and also enhance 
feasibility of fieldwork. The random assignment of clusters was conducted by a University 
of Wollongong biostatistician with the use of a computer generated randomisation of the 
study numbers. Staff and researchers were not blinded to the group allocation.  

The study was approved by the University of Wollongong Human Research Ethics 
Committee (HE12/446). Written consent at the beginning of the study was obtained from 
participants for participating in the study and the usage of collected data.  

Data collection and outcome variables 

Data was collected by a study coordinator and five University of Wollongong research 
students who underwent standardised training in the administration of the research 
instruments and measurements. Tests were allocated to and conducted by specific 
students in an attempt to standardise the results. Participants’ baseline data was 
collected from June to September, 2014, with the intervention commencement staggered 
over time for the different facilities.  

The baseline data was collected from participants who volunteered to participate in a 12-
week quasi-experimental study investigating the effects of the consumption of pork 
(intervention) or chicken (control) on cognitive function. 

Primary outcome indicators are: 

(1) change in body composition (muscle mass); 
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(2) improvements in upper and lower body strength; 

(3) improved functioning on various tests of cognition.   

To inform the outcomes of the study, the following measurements were taken at baseline, 
midway and at the end of the 12-week intervention period:  

(1) Body composition: Height and weight was measured using a stadiometer (SECA 217 

1mm graduation) and floor scale (SECA 874 +/- 100g) and BMI calculated as weight 

(kg) / height (m) ². Percentage of body fat was assessed using Tanita scales (UM-

019). Mid-arm circumference (MAC) of both the dominant arm and non-dominant 

arm were taken using a tape measure (SECA 201 1mm graduation).   

(2) Functional ability, and upper and lower body strength was assessed using the 

measurements listed in Table 1.  

Table 1 - List of instruments and tests to assess physical functioning and strength  

Instrument Application 

Instrumental Activities of Daily Living Interviewer-administered Lawson’s IADL questionnaire to assess 
participants’ ability to perform various daily activities. 

Upper Body Strength Maximal upper body strength (kg) was measured using a hand 
dynamometer (Model Jamar Plus, Sammsons Preston Rolyan, 
Bolingbrook, IL, USA) while the subject is seated, arm adducted and 
elbow at a 90 degree angle. Participants are instructed to exert 
maximal force three times using both hands, and the mean and 
maximum scores per hand are recorded. The Jamar Plus 
dynamometer has been validated for use in healthy older 
populations of men and women (Desrosiers et al 1998).  

Lower Body Strength The 30-second sit-to-stand test measures lower body strength 
(Jones et al 2002). Participants perform as many full chair stands in 
a 30-second period as they are able to, with folded arms across 
their chest. This test has good test-retest reliability and provides an 
acceptably valid indication of lower body strength in generally 
active, community-dwelling older adults (Jones et al 1999). The 
final score was the number of stands completed in 30 seconds. 

Mobility A timed ‘get up and go’ task. The TUG was used to measure 
dynamic balance performing three common functional activities 
such as standing up from a chair and walking and turning through 
the evaluation of mobility [21]. For this test, participants were 
required to stand up from the chair, walk 3m at a comfortable 
speed, turn around and walk back to the chair and sit down. A 
stopwatch (Aussie Fit, Sports Science) was used to record the time 
taken to complete this task. 
 
The Six Minute Walk Test (SMW) was used as a measure of 
functional exercise performance [20], [24]. This test required the 
participants to walk a 10m course at a comfortable speed for 6 
minutes using walking frames or aids normally used for daily life if 
required. The numbers of laps completed during the 6 minutes were 
tallied to calculate the total distance in meters walked.  
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Instrument Application 

The Minnesota leisure time physical 
activity (MNLTPA) questionnaire 

The MNLTPA questionnaire assesses habitual physical activity. An 
intensity measure is allocated to 64 activities, ranging from 2.0 for 
light to 6.0 for heavy intensity. Participants state participation in 
various activities over the past year, the months involved and the 
frequency each month, as well as the time per session (Taylor et al 
1978). Leisure time activities are expressed as a score of activity 
metabolic index (AMI)/wk.(Taylor, Jacobs et al. 1978) AMI/wk. = 
(intensity code x no. occasions/month x no. months/year x 
duration)/52.  

All physical testing was conducted in community rooms located at each of the residential 
facilities.  

(3) Cognitive assessments:  A battery  of cognitive tasks were administered to target 

specific domains of mental functioning, as listed in Table 2. 

Table 2 - List of instruments to measure participants’ cognitive functioning and mood  

Instrument Application 

The Geriatric Depression scale This is a 15 item questionnaire to assess changes in mood. 

The Rey Auditory Verbal Learning test 
(RAVLT) 

This test measures verbal learning and memory. It requires the 
participant to learn a list of words over 5 presentation-test trial 
sequences. 

The Serial ordered pointing task. This is a test of working memory that requires the participant to 
point to a picture or pattern on each page of a booklet that 
contains the same pictures in different arrangements. 

The Boston naming task This task assesses word-retrieval difficulty in the participants, 
which is related to semantic memory. The participant is asked to 
name a series of objects. 

The verbal fluency task This task is a sensitive measure of executive dysfunction and 
control processes. The task requires the participant to produce as 
many words starting with a particular letter as possible in one 
minute. 

Trail-making task (TMT) This task requires the participant to join a series of dots labelled 
with consecutive numbers or with alternating letters and numbers. 
It is a measure of executive function.  

Digit-span backwards task This task requires the participant to recall a small set of digits in 
reverse order and assesses short-term memory storage and 
executive control processes. 

 

Secondary outcomes include nutritional status and dietary intake.  

Nutritional status and dietary intake: A 3-day food diary was kept by participants at 
baseline, at week 6 and week 12.  
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Table 3 - List of instruments to assess nutritional status and dietary intake  

Instrument Application 

Mini-Nutritional Assessment 
(MNA) (Guigoz et al. 2004) 

An interviewer administered questionnaire to determine overall nutritional 
status of the participant. The MNA is a validated 18-item questionnaire 
designed for use in persons aged 65y+. The MNA includes four domains, 
including anthropometric status, dietary patterns, mobility, living conditions 
and global self-view of health. A score > 23.5 of a possible 30 indicates that 
the individual has no risk of malnutrition; a score between 17- 23.5 indicates 
that the individual is at risk of malnutrition, and < 17 indicates overt 
malnutrition. 

3-day food diaries Participants kept a food diary for 3 consecutive days (one weekend, 2 
weekdays) at baseline, week 6 and week 12 of the intervention. Food intake 
data was analysed using FoodWorks using the NUTTAB 2010, Ausfoods 2012 
and Ausbrands 2012 database (Xyris Software, Highgate Hill, GLD, Australia, 
Version 6, 2009). The mean dietary intake of protein and thiamin of the 
sample population were compared to the Estimated Average Requirement 
(EAR) of dietary protein and thiamin (17).Dietary data was assessed according 
to mean daily intakes of macro- and micronutrients. A random cross check of 
(10%) of the food records was conducted by two of the student to check for 
accuracy.  

 

Assessment of nutritional content of provided meals  

Recipes for all provided meals were collected from the provider (Flagstaff Fine Foods). All 
recipes were analysed using FoodWorks dietary analysis software (Xyris Software 2009). 
Average nutritional content of meals provided was compared between pork and chicken 
groups. 

Participants were asked to report on their acceptability of the provided meals using open-
ended questions (responses will be provided in the final report). 

Study 2: Focus groups  

In addition to the quasi-experimental study, focus groups were held with participants prior 
to commencement of the main study. The purpose of the focus groups was to gather 
information on older people’s dietary practices and beliefs related to the role of pork and 
other meat in their diets.  Potential participants from the first three residential villages 
approached in the information sessions about the main study were also invited to partake 
in a focus group to discuss their food-shopping, cooking and eating habits, as well as 
attitudes towards the consumption of meat, including pork. 

Semi-structured focus groups were employed as the preferred medium for data collection 
both to maximise participant reach and also to capitalise upon the strength of group 
dynamics for revealing key thoughts and opinions.  Approval for this process was granted 
by the University of Wollongong/Illawarra Shoalhaven Local Health District Human 
Research Ethics Committee (approval number HE12/446).   

The focus groups were conducted in July 2014 and took place within the community hall of 
each residential facility for the convenience of the participants and also to facilitate 
attendance by those unable to travel.  Participation was not dependent upon agreement 
to enlist in the parent trial, with encouragement provided for all residents to attend the 
groups and share their views regardless of their personal preparedness to eat meat or 
pork.  The only requirements for participation were an ability to communicate in English 
and to attend at the scheduled date and time. 
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Each of the three focus groups followed a semi-structured format, guided by a set of 12 
questions (with the inclusion of probes) to explore factors which influence decisions 
regarding the acquisition and preparation of food.  An initial introduction was provided by 
the moderator (AM) to explain the purpose and process for the session, and informed, 
signed consent obtained from each participant.   

Seating was arranged in a circular format to promote communication, with all participants 
encouraged to provide comment and issues raised clarified by the moderator to ensure 
correct interpretation of opinions.  However, in accordance with recommendations by 
Kreuger23, the moderator refrained from providing any personal opinions during discourse.  
Sessions lasted for between 55 and 60 minutes duration, closing once discussions 
surrounding the subject matter had been exhausted.   

Discussions were audio-recorded to facilitate accurate transcription and analysis, and field 
notes taken by a second researcher (AH) to capture important insights to enrich the data 
from these recordings.  Refreshments were offered, however, no other form of payment 
was provided.   

The digital recordings from each of the focus group discussions were transcribed verbatim 
and corrected for accuracy by the primary researcher (AH).  Cleaned transcripts were then 
subjected to content and thematic analysis to determine prominent themes and 
subthemes, with the latter further separated into categories as appropriate to 
accommodate internal variation.  Analysis using QSR Nvivo 10.0 qualitative analysis 
software (QSR International Pty. Ltd., Doncaster, Victoria, Australia) was subsequently 
performed to ensure inclusion of all subthemes, and the overall process corroborated by 
the secondary researcher (AM) to reduce potential for introduction of bias.  Lastly, 
representative quotes were selected to convey greater meaning and reflect both 
consensual and contrasting sentiments amongst the categories so identified.  

Data analysis 

The primary outcome measures were analysed in SPSS/SAS/R using linear and generalised 
linear mixed models to determine the within and between group changes over time. 
Baseline measures of physical activity and dietary energy and protein intake were included 
as covariates in all models.  

All participants were provided with a numerical coding by a researcher independent of the 
subjects. Statistical data was analysed using the Statistical Package for the Social Sciences 
(SPSS) software (version 21, 2012: SPSS Inc., Chicago, IL, USA). Data was tested for 
normality using the Shapiro-Wilk test. Independent t-tests were used to compare mean 
values for characteristics between men and women, age categories (60-75 years, 76 years 
and above) and underweight and overweight participants defined by BMI categories. Non-
parametric tests were used for data which was not normally distributed. Bivariate 
correlations (Pearson’s test for normally distributed data and Spearman’s tests for not 
normally distributed data) were used to test the relationships between age, gender, body 
composition (% body fat, BMI), upper and lower body strength (STS, TUG, hand grip 
strength), functional performance (SMW), nutritional status, energy, protein and fat 
intake’s and physical activity level. Significance was accepted at P <0.05.  

Spearman correlations tested the association between dietary intake and components of 
cognitive function. Multiple regression models, adjusted for age, gender and education 
were conducted to assess the association between dietary intake and the various domains 
of cognitive function. Significance value was established with p-value≤0.05 for statistical 
significance. 

FoodWorks (FoodWorks, Version 7, Xyris Software, High Gate Hill, QLD, Australia) was used 
to analyse all dietary intake data using databases NUTTAB 2010, Ausfoods 2012 and 
Ausbrands 2012.   
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3. Results 

Study 1: Quasi experimental trial 

Characteristics of participants 

Forty eight participants, aged 65 to 89 years of age, volunteered to participate in this 
study. Table 1 includes a description of physical characteristics and upper and lower body 
strength and endurance performance results of the participants, as well as their current 
nutritional status and key nutrient intakes.  

The average age of participants was 78.0 ± 6.2 years with no significant difference 
between genders. Women on average weighed significantly less than men (72.0 ± 11.6 kg, 
80.2 ± 16.3 kg, respectively; P .049), however had a significantly higher percentage body 
fat than men (39.8 ± 6.6 %, 28.0 ± 7.1%, respectively; P .000). The average BMI for this 
study population (n=47) was 28.9 ± 5.3 kg/m² (Overweight); men’s 28.0 ± 5.4 kg/m², 
women’s 29.2 ± 5.3 kg/m². Six participants were classified as underweight with a BMI of 
less than 22kg/m² and 12 participants were found to be in the healthy weight range (BMI 
between 22 and 27kg/m²).  

The average MNA score for the study population was 26.9 ± 2.4 (‘Normal Nutritional 
Status’) with men (25.9 ± 2.3) showing a significantly lower score than women (27.4 ± 2.3, 
P=0.020). Six of the 48 participants were ‘At risk of malnutrition’ with an MNA score 
between 17 and 23.5.  

Dietary data was available for only 47 participants. The recruitment and randomisation 
procedure is shown in Figure 2.  
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Figure 2 -  Recruitment and randomisation procedure 

 

At baseline, there were no significant differences in age, weight or BMI between men and 
women (Table 4). However, women had higher percentage of body fat (p<0.001) and MNA 
score (p<0.05) than men.  
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Table 4: Characteristics of study participants 

Characteristics Total Men Women P value 

(Mean ±SD) (n=48) (n = 17 ) (n = 31)  

Age (years) 78.0 ± 6.2 78.7 ± 7.2 77.6 ± 5.7 .576 

Height (m)  1.620 ± 8.8 1.69 ± 7.0 1.58 ± 7.2 .000** 

Weight (kg) 74.9 ± 13.8 80.2 ± 16.3 72.0 ± 11.6 .049* 

BMI (kg/m²)† 28.9 ± 5.3 28.0 ± 5.4 29.2 ± 5.3 .463 

Body Fat %‡ 35.7 ± 8.8 28.0 ± 7.1 39.8 ± 6.6 .000** 

MNA Score§ 26.9 ± 2.4 25.9 ± 2.3 27.4 ± 2.3 .020* 

MAC Dominant Arm (cm) 31.6 ± 3.8 31.6 ± 3.7 31.5 ± 3.9 .903 

MAC Non-dominant Arm (cm) 31.6 ± 3.5 31.3 ± 3.6 31.7 ± 3.6 .731 

Grip Strength RH (kg) 24.0 ± 8.7 31.8 ± 8.2 19.7 ± 5.5 .000** 

Grip Strength LH (kg)  22.7 ± 8.7 31.0 ± 7.0 18.0 ± 5.4 .000** 

6 Minute Walk (SMW) (m) ¶ 320.1 ± 83.4 312.4 ± 104.5 324.4 ± 70.4 .956 

Sit-to-stand (STS) (reps) †† 10.5 ± 3.9 10.7 ± 4.8 10.4 ± 3.4 .804 

Timed Up and Go (TUG) (s)‡‡ 10.6 ± 3.3 10.7 ± 2.9 10.4 ± 3.6 .281 

Physical Activity (AMI/wk.) 1475 ± 1293 1367 ± 1197 1534 ± 1358 .738 

Energy (kJ)§§ 7065 ± 1483 7868 ± 1601 6610 ± 1218 .004** 

Protein (g)¶¶ 81.0 ± 23.4 87.7 ± 27.3 77.2 ± 20.3 .141 

Fat (g) 61.3 ± 17.0 66.4 ± 16.6 58.5 ± 16.7 .123 

Carbohydrate (g) 187.8 ± 51.0 215.3 ± 57.5 172.2 ± 40.0 .004** 

* P<0.01, * P<0.05 
† Healthy BMI for adults aged over 65 years is 22-27kg/m² [5] 
‡ Body fat percentage (%) measured using Tanita Scales  
§ Nutritional status was measured using the Mini Nutritional Assessment, with a score greater than 
23.5 indicating no risk of malnutrition [43] 
¶ Recent meta-analysis of six minute walk test results found mean distance covered by men aged 
over 60 was 524m and by women 475m [27] 
†† Median sit-to-stand test results for men and women aged over 75 are 11.9 and 10.6 repetitions, 
respectively [28]   
‡‡ Median timed up and go results for men and women aged over 70 years are 9.87 and 11.73 
seconds, respectively [29] 
§§ The estimated energy requirements for a moderately active man over the age of 70 years, 
weighing 80kg is 10,000kJ a day, and for women over the age of 70 years , weighing 65kg is 8,000kJ 
a day using the Schofield equation [30] 
¶¶ The estimated average protein requirement for men and women aged over 70 years is 65g and 
40g, respectively [30] 
 

Baseline dietary Intake 

The mean dietary intake of nutrients for all participants and for men and women is shown 
in Table 5. Men had significantly higher intakes than women for energy (kJ) (p=0.004), 
saturated fat (p=0.048), carbohydrate (p=0.004) and sodium (p=0.030). There was no 
significant difference between men and women for dietary intake of protein or thiamin. 
The range of dietary protein intake in this sample population is between 32-133g and the 
range of dietary thiamin intake is between 0.45-2.18 mg. Figure 3 compares the Estimated 
Average Requirement (EAR) of protein and thiamin in men and women with the dietary 
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protein and thiamin intake of the participants (NHMRC, 2005).The mean intake of both 
protein and thiamin exceeded the EAR for men and women.  

Table 5: Dietary Intake of participants at baseline  

Dietary Intake Men (n=17) Women (n=30) 
Total Participants 

(n=47) 
P-value # 

Energy (kJ) 7867.75 ± 1601.37 6610.55 ± 1217.61 7065.28 ± 1483.06 0.004** 

Protein (g) 87.68 ± 27.26 77.18 ± 20.39 80.98 ± 23.38 0.141 

Fat (g) 66.43 ± 16.60 58.49 ± 16.68 61.36 ± 16.92 0.123 

        Saturated Fat (g) 28.15 ± 6.81 23.81 ± 7.15 25.38 ± 7.27 0.048* 

Carbohydrate (g) 215.28 ± 57.49 172.16 ± 40.01 187.76 ± 50.97 0.004** 

Alcohol (g) 5.90 ± 12.49 1.49 ± 3.02 3.09 ± 8.04 0.171 

Thiamin (mg) 1.09 ± 0.46 1.15 ± 0.16 1.13 ± 0.46 0.713 

Riboflavin (mg) 1.50 ± 0.66 1.5 ± 0.6 1.51 ± 0.61 0.955 

Niacin (mg) 25.49 ± 20.36 28.37 ± 17.29 27.33 ± 18.29 0.610 

Vitamin C (mg) 55.75 ± 36.09 77.28 ± 53.72 69.50 ± 48.80 0.148 

Vitamin D (µg) 3.03 ± 1.03 2.60 ± 1.25 2.76 ± 1.18 0.235 

Vitamin E (mg) 4.69 ± 1.82 4.73 ± 1.77 4.71 ± 1.76 0.943 

Sodium (mg) 2331.78 ± 713.50 1917.50 ± 543.75 2067.35 ± 635.57 0.030* 

Potassium (mg) 2209.91 ± 573.53 2218.43 ± 686.05 2215.35 ± 641.21 0.966 

Iron (mg) 8.83 ± 2.78 7.94 ± 2.44 8.26 ± 2.58 0.260 

LCn-3 (mg) 328.62 ± 404.06 173.58 ± 295.70 229.66 ± 342.90 0.138 

LCn-3- Long Chain Omega-3 Fatty Acid. Results are presented as mean ±standard deviation. 
# p-value for the difference between men and women. *p-value<0.05, **p-value<0.01
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Figure 3 - Comparison between mean protein and thiamin intake of men and women at baseline 
with the Estimated Average Requirements (EAR) of protein and thiamin 
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Muscle strength and physical function: baseline 

Men had significantly greater right and left hand grip strength than women (31.8 ± 8.2 kg, 
31.0 ± 7.0 kg and 19.7 ± 5.5 kg, 18.0 ± 5.4 kg, respectively), however no significant 
differences were found between men and women for measures of lower body strength 
(STS, TUG) or functional performance (SMW).   

Significant differences were found between participants aged 60-75 years and 76 years and 
above and their MAC of their dominant arm (33.9 ± 3.3, 30.6 ± 3.6, respectively; p = .005) 
and their left hand grip strength (26.8 ± 9.1, 21.0 ± 8.1, respectively; p = .037).  

Significant differences were found between underweight and overweight participants and 
their weight (56.5 ± 5.7, 80.7 ± 11.9, respectively; p = .000), BMI (20.1 ± 1.1, 32.0 ± 4.0, 
respectively; p = .000), body fat percentage (24.1 ± 7.0, 38.6 ± 7.2, respectively; p = 
.000), MAC of their dominant arm (27.9 ± 2.9, 33.0 ± 3.5, respectively, p = .002), 
performance in the SMW (383.0 ± 40.5, 307.7 ± 82.7 respectively; p = .039), TUG (8.3 ± 
1.2, 10.6 ± 3.0, respectively; p = .006) and MNA scores (25.3 ± 2.3, 27.5 ± 2.3, 
respectively; p = .041). 

Age was inversely associated with weight (r=-.330, P<0.05), MAC of the dominant arm (r=-
.475, p<0.01) and performance in the TUG (r=.337, p<0.05) as shown in Table 2. Weight 
was inversely associated with performance in the STS (r=-.327, P<0.05) and BMI inversely 
associated with performance in the SMW (r=-.320, p<0.05), as shown in Figure 4. BMI was 
associated with MAC of the dominant arm (r=.563, p<0.05). Body fat percentage was also 
associated with MAC (r=.520, p<0.01), however inversely associated with both left hand 
and right hand grip strength (r=-.523, p<0.01; r=-.470, p<0.01, respectively), shown in 
Table 6.  

 

 

Figure 4 - Significant association between body mass index and performance in the 6 minute 
walk test (r =-.320, p<0.05) 

The SMW was positively associated with performance in the STS (r=.542, p<0.01). 
The STS and SMW were inversely associated with performance in the TUG (r=-.726, p<0.01, 
r=-.585, p<0.01; respectively), as would be expected due to the inverse scoring of the TUG 
with a higher time indicating poorer functional ability.  
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Table 6 - Associations between measures of body composition upper and lower body strength 
and endurance of all study participants (n=48) (Pearson's and Spearman's Correlations, r) 

 Age Weight BMI 
Body 
Fat % MAC LHS RHS† STS TUG† 6 Min† 

Age 1          

Weight -.330* 1         

BMI -.214 .679** 1        

Body Fat % -.282 .323* .511** 1       

MAC -.475** .541** .563** .520** 1      

LHS -.252 .181 -.146 -.523** .093 1     

RHS† -.095 .143 -.171 -.470** .147 .904** 1    

STS† .036 -.327* -.169 -.188 .045 .088 .038 1   

TUG† .337* .271 .178 .058 -.018 -.078 -.132 -.585** 1  

6 Min† -.223 .212 -.320* -.027 .045 .174 .256 .542** -.726** 1 

† Not normally distributed data; Spearman correlation used;  ** P<0.01, * P<0.0 

Energy intake was found to be positively associated with protein (r=709, p<0.01) and fat 
intake (r=.793, P<0.01). Protein was also positively associated with fat intake (r=.574, 
p<0.01). Energy was found to be positively correlated with right hand grip strength 
(r=.444, p<0.01) and left hand grip strength (r=.397, p<0.01) as shown in Figure 5. Protein 
was also found to be positively correlated with right hand grip strength (r=.329, p<0.05).  

 

Figure 5 - Significant association between daily energy intake and right hand and left hand grip 
strength (r = .444, p<0.01, r = .397, p<0.01, respectively) 
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Left hand grip strength, a measure of upper body strength, was found to be inversely 
associated with age for both men and women (r=-.484, p<0.05; r=-.430, p<0.05, 
respectively).  

Performance in TUG, a measure of lower body strength, was also inversely associated with 
age in women (r=.449, p<0.05), but not men, shown in Table 7.   

Table 7 - Associations between body composition, age, nutritional status and key nutrient 
intakes on upper and lower body strength, endurance and daily physical activity energy 
expenditure for men (n=17) and women (n=31)†  

 Upper Body 
Strength 

Lower Body 
Strength 

Functional 
Performance 
 

Physical 
Activity 

RHS LHS STS TUG 6 Min AMI†† 

 Age Men -.389 -.484* -.003 .155 -.072 -.311 

Women -.288 -.430* .070 .449* -.292 -.137 

Body 
Composition 

Weight Men -.265 -.151 -.479 .472 -.411 -.013 

 Women .049 .083 -.213 .209 -.174 .121 

BMI Men -.228 -.157 -.395 .379 -.520* -.033 

 Women -.079 -.062 .016 .185 -.156 .323 

Body Fat Men -.119 .028 -.232 .163 -.191 .134 

Women .048 -.085 -.164 .268 -.019 .038 

MAC 
Dom 

Men 

Women 

.307 

.045 

.225 

.070 

.213 

-.085 

-.308 

.131 

.037 

-.104 

.695** 

.207 

Nutritional 
Status 

MNA Men .012 .004 -.034 .279 -.102 -.137 

Women†† .029 -.047 -.114 -.040 .375* .302 

Nutrient 
Intakes 

Energy Men .291 .254 .259 -.413 .313 -.036 

Women .283 .059 -.403* -.245 -.061 -.027 

Protein Men .396 .342 .124 -.212 .213 .145 

Women .235 .017 -.013 -.230 .103 -.046 

Fat Men .187 .100 -.032 -.304 .120 -.129 

Women .300 .105 -.313 -.099 -.115 .191 

†Pearson's and Spearman's Correlation 
†† Not normally distributed data; Spearman correlation used 
** P<0.01, * P<0.05 

In men, BMI was associated with a decreased performance in the SMW (r=-.520, p<0.05), 
while in women, a higher MNA score (indicator of nutritional status) was associated with 
better performance in the SMW (r=.375, p<0.05). Energy intake was positively associated 
with a better performance in the STS in women (r=-.403, P<0.05), but not men. MAC of 
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the dominant arm was positively associated with daily energy expenditure from physical 
activity in men (r=.695, p<0.01), but not women. 

Nutritional status and cognitive function: baseline 

At baseline, there were no significant difference in scores between men and women in 
most cognitive tests, such as the Letter and Categorical Fluency test, Digit Span test and 
BNT. However, women performed better than men in the RAVLT test with a significantly 
higher score as shown in Table 8. The mean score from the RAVLT for trial A1 to trial A7 
was 5.06±1.67, 6.98±2.35, 8.28±2.52, 8.79±2.78, 9.47±3.24, 7.38±2.95, 7.15±3.06 
respectively. Participants also recorded mean scores of 13.40±1.50 for the recognition test 
in the RAVLT. We found a positive association between gender and RAVLT scores (r= 0.551, 
p= 0.000). The range of BNT scores in this sample population ranged from 29-47. The 
categorical standard score of GDS is 0-9 (Normal), 10-19 (Mild Depressive), 20-30 (Severe 
Depression). One participant did not complete the GDS and five participants (11%) had GDS 
scores indicating mild-moderate depression of which 3 were women. Mean GDS scores for 
the sample were in the normal (0-9) range at 4.28 ± 3.85. 

The level of education of participants was positively correlated with the Boston Naming 
Test (r= 0.306, p=0.041). Men were also found to be associated with having lower GDS 
scores (r= -0.312, p= 0.034).  

Table 8 - Spearman correlation between cognitive tests and age, MNA scores, percentage body 
fat, BMI and dietary intake 
 

  

Letter 
Fluency 

Test 

 

RAVLT 

 
Trial Making 

Test † 
Digit 
Span BNT † GDS 

Categorical 
Fluency Test 

Age (years) 0.096 -0.240 -0.188 -0.08 0.212 -0.041 0.152 

Gender  0.074 -0.152 0.551** 0.124 0.062 0.113 -0.312* 

Education Level  0.102 0.099 0.093 -0.234 0.106 0.302* 0.012 

MNA Score 0.041 -0.103 0.152 -0.104 0.043 0.072 -0.158 

Percentage Body 
Fat (%) -0.161 -0.269 0.366* 0.006 -0.241 0.047 -0.204 

BMI (kg/m2) -0.112 -0.036 -0.151 -0.072 -0.381** -0.133 -0.115 

Energy (kJ) 0.085 0.189 -0.019 -0.043 0.049 0.070 0.241 

Protein 
(g)   0.11 0.089 -0.019 -0.213 0.157 0.038 0.056 

Fat (g)   0.110 0.198 -0.007 -0.227 0.157 0.104 0.075 

Carbohydrate (g) 0.067 0.121 -0.013 0.169 -0.020 -0.050 0.383** 

Sugar (g) 0.033 0.056 -0.037 0.159 -0.092 0.081 0.239 

Vitamin C (mg) 0.259 0.050 0.229 0.130 -0.061 0.179 -0.246 

Vitamin D (µg) -0.313* -0.193 -0.302* 0.208 -0.254 -0.400** -0.232 

Thiamin (mg) -0.131 -0.141 0.090 0.185 0.045 0.006 0.040 

Riboflavin (mg) -0.081 -0.177 -0.127 -0.048 -0.028 -0.192 -0.141 

Niacin (mg) 0.090 0.077 0.155 -0.017 0.078 0.020 0.088 

Sodium (mg) -0.141 -0.055 -0.055 -0.111 -0.016 -0.153 0.275 

Iron (mg) -0.107 -0.118 -0.178 0.122 0.025 0.068 0.333* 
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Letter 
Fluency 

Test 

 

RAVLT 

 
Trial Making 

Test † 
Digit 
Span BNT † GDS 

Categorical 
Fluency Test 

LCN3 
(mg) †   -0.254 -0.259 -0.033 0.107 -0.202 -0.067 -0.042 

 MNA- Mini Nutrition Assessment, LCN3- Long Chain Omega-3 Fatty Acid, RAVLT- Rey Auditory 
Verbal Learning Test, BNT- Boston Naming Test, GDS- Geriatric Depression Scale. † represents 
variables with extreme outliers. *p-value<0.05, **p-value<0.01 

 

Table 8 shows the associations between dietary intake of the participants and the various 
measures of cognitive function. Neither dietary protein nor thiamin intake was associated 
with any of the tested domains of cognitive function. Higher carbohydrate consumption 
was correlated to higher GDS score (ie. higher depressive symptoms) (r=0.383, p=0.009) 
and similarly dietary iron intake was positively associated with the GDS scores (r= 0.333, 
p=0.024). However, this association was no longer evident in a multivariate regression 
model that was adjusted for age and gender (carbohydrate: adjusted R2=0.123, p=0.052; 
iron: adjusted R2=0.025, p=0.291).  

Vitamin D was inversely correlated with several cognitive tests including the letter fluency 
test (r= -0.313, p=0.032) which assesses executive function, total RAVLT which assesses 
short-term memory and learning rate (r= -0.302, p=0.039) and the BNT (r= -0.400, p=0.007) 
which assesses short term memory. A linear regression model found that vitamin D intake 
predicted 12.7% of the letter fluency test (Adjusted R2=0.127, p=0.008), 5.6% of the total 
RAVLT (Adjusted R2=0.056, p=0.059) and 10.4% of the BNT (Adjusted R2=0.104, p=0.018). 
Further analysis using multiple regression models adjusted for age, gender and education 
level showed that vitamin D remained a significant predictor of total RAVLT (Adjusted R2= 
0.269, p=0.002) and BNT (Adjusted R2= 0.177, p=0.018), however was no longer a 
significant predictor of the letter fluency test (Adjusted R2= 0.113, p=0.059). 

Results of Intervention 

The nutritional content of the provided meals is shown in Tables 9 and 10. There were no 
differences between provided meals for any of the nutrients (see Table 9).  

Table 9 - Mean nutritional content of meals (mean (SD)) 

Nutrient Pork Chicken 

Energy (kJ) 1528 (530) 1661 (346) 

Protein (g) 28.1 (6.3) 25.2 (6.2) 

Fat (g) 8.8 (6.1) 14.3 (2.9) 

Saturated fat (g) 3.6 (3.3) 4.6 (1.8) 

Carbohydrate (g) 40.3 (19.4) 38.2 (17.5) 

Sugars (g) 8.5 (2.9) 8.2 (5.9) 

Sodium (mg) 739 (393) 752 (318) 

Anthropometrical measures, physical function tests and grip strength results are shown 
according to time points and by diet group in Table 11.  
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Table 10 - Mean nutritional content of meals (mean (SD)) 

 

Meal 
Serving 

(g) 
Energy 

(kJ) 
Protein 

(g) 
Fat 
(g) 

Sat Fat 
(g) 

CHO 
(g) 

Sugars 
(g) 

Sodium 
(mg) 

Pork         

Pork in BBQ sauce 360 1680 35.2 5.5 1.9 49.5 12 703 

Roast pork & gravy 360 1230 31.3 6.6 2.6 23.5 6.3 367 

Ham & cheese 
omelette 370 2380 26.2 19 9.3 68.6 5.6 903 

Pork and apple 
cranberry 360 1310 29.2 3.6 1.2 38 7.5 402 

Ham steak with 
pineapple glaze 360 1040 18.5 9.2 3.1 21.9 11 1320 

Mean 

 

1528 28.08 8.78 3.62 40.3 8.48 739 

SD 

 

530 6.3 6.1 3.3 19.4 2.9 393 

         

Chicken 

        Honey soy chicken 360 1760 23.8 15.5 5 54 18.5 1160 

Roast chicken & gravy 390 1550 32.8 15.8 4.7 21.3 5.6 409 

Chicken Schnitzel 360 2170 25.7 17.4 2.5 59.8 3.7 994 

Curry chicken 360 1220 15.9 10.1 3.3 30.9 6.7 513 

Chicken & asparagus 
mornay 360 1610 27.9 12.7 7.3 25.2 6.5 684 

Mean 

 

1662 25.22 14.3 4.56 38.24 8.2 752 

SD 

 

346 6.2 2.9 1.8 17.5 5.9 318 

 

Table 11 - Anthropometrical measures, physical function tests and grip strength, according to Group (mean 
(SD)) 

 Pork 
Chicken 

 
Total sample 

 

 0 
6 

weeks 
12 

weeks 0 
6 

weeks 
12 

weeks 0 
6 

weeks 
12 

weeks 

Age (yrs) 78.9 (+6.3) 76.7 (+6.1) 78.0 (+6.2) 

Weight (kg) 72.5 

(+17.4) 

73.4 

(+11.2) 

73.5 

(+11.3) 

76.3 

(+14.3) 

75.2 

(+14.8) 

71.7 

(+12.8) 

74.1 

(+16.1) 

74.2 

(+12.7) 

72.8 

(+11.7) 
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 Pork 
Chicken 

 
Total sample 

 

 0 
6 

weeks 
12 

weeks 0 
6 

weeks 
12 

weeks 0 
6 

weeks 
12 

weeks 

BMI (kg/m2) 28.0 

(+4.1)) 

27.3 

(+4.0) 

27.1 

(+4.3) 

30.3 

(+6.5) 

29.4 

(+6.3) 

27.5 

(+4.4) 

28.9 

(+5.3) 

28.2 

(+5.1) 

27.3 

(+4.2) 

% Body Fat 35.9 

(+8.9) 

36.7 

(+9.9) 

34.3 

(+9.9) 

35.5 

(+8.9) 

36.3 

(+7.9) 

34.2 

(+8.5) 

35.7 

(+8.8) 

36.5 

(+8.9) 

34.3 

(+9.2) 

MUACDOM 
(cm) 

31.3 

(+3.6) 

31.6 

(+4.2) 

31.1 

(+4.1) 

31.7 

(+4.1) 

32.3 

(+4.1) 

30.3 

(+4.5) 

31.6 

(+3.8) 

31.9 

(+4.1) 

30.8 

(+4.3) 

Grip Strength –
R (kg) 

24.2 

(+9.9) 

24.8 

(+10.6) 

25.7  

(+11.2) 

23.7 

(+7.0) 

24.1 

(+7.6) 

26.2 

(+7.2) 

24.0 

(+8.7) 

24.531 

(+9.1) 

25.9 

(+9.7) 

Grip Strength – 
L (kg) 

22.2 

(+9.8) 

22.9 

(+10.6) 

21.9 

(+9,0) 

23.6 

(+7.0) 

24.5 

(+7.6) 

25.6 

(+8.7) 

22.7 

(+8.7) 

23.6 

(+9.4) 

23.2 

(+8.9) 

6 min walk 
test (m) 

316.3 

(+98.7) 

352.8 

(+107.8) 

364.4 

(+93.4) 

325.7 

(+55.7) 

324.7 

(+61.0) 

321.4 

(+104.2) 

320.1 

(+83.4) 

340.7 

(+90.7) 

348.1 

(+98.2) 

Sit-to-stand 
(repetitions) 

10.7 

(+4.5) 

11.8 

(+4.3) 

12.0 

(+3.6) 

10.4 

(+3.3) 

11.1 

(+2.7) 

10.1 

(+3.2) 

10.5 

(+3.9) 

11.5 

(+3.6) 

11.2 

(+3.5) 

Timed up and 
go (sec) 

11.0 

(+3.8) 

10.3 

(+4.1) 

8.9 

(+4.2) 

9.9 

(+2.4) 

10.0 

(+1.9) 

9.7 

(+3.1) 

10.6 

(+3.3) 

10.2 

(+3.3) 

9.2 

(+3.8) 

MNA 

 

26.9 

(+2.4) 

27.3 

(+2) 

27.0 

(+2.1) 

 

26.9 

(+2.4) 

27.3 

(+2.5) 

26.2 

(+1.9) 

26.9 

(+2.4) 

27.3 

(+2.20) 

26.7 

(+2.01) 

 

Dietary intake of participants is shown according to time points and by diet group in Table 12, while 
results on the cognitive function tests are shown in Table 13.   
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Table 12 - Dietary intake, according to group (mean (SD)/day)  

 Pork Chicken Total 

 0 6 weeks 
12 

weeks 0 6 weeks 
12 

weeks 0 
6 

weeks 
12 

weeks 

Physical 
activity  
(AMI/wk) 

1689 
(+1425) 

- 1571 
(+1392) 

1174 
(+1041) 

- 1187 
 (+788) 

1475 
(+1292) 

- 1423 
(+1194) 

Energy (kJ) 
 

7264 
(+1506) 

6531 
(+1537) 

6730 
(+1431) 

6333 
(+1846) 

6763 
(+1563) 

6629 
(+2155) 

6887 
(+1696) 

6638 
(+1525) 

6689 
(+1722) 

Protein (g) 
 

87.5 
(+23.3) 

69.3 
(+16.3) 

77.6 
(+17.5) 

71.4 
(+20.5) 

70.7 
(+29.2) 

65.2 
(+18.5) 

81.0 
(+23.4) 

69.9 
(+22.8) 

72.6 
(+18.7) 

Fat (g) 
 

63.9 
(+16.7) 

56.9 
(+17.5) 

52.1 
(+12.4) 

57.6 
(+17.0) 

53.8 
(+20.0) 

55.2 
(+23) 

61.4 
(+16.9) 

55.5 
(+18.4) 

53.4 
(+17.1) 

Sat Fat (g) 
 

27.3 
(+7.3) 

23.2 
(+9.5) 

21.9 
(+6.8) 

22.6 
(+6.3) 

22.0 
(+7.7) 

24.6 
(+12.0) 

25.4 
(+7.3) 

22.6 
(+8.6) 

22.9 
(+9.2) 

CHO (g) 
 

190 
(+50.2) 

181 
(+43.8) 

193 
(+47.6) 

185 
(+53.4) 

191 
(+38.6) 

190 
(+59.2) 

188 
(+51) 

185 
(+41) 

192 
(+52) 

Sugars (g) 
 

87.6 
(+29.5) 

81.5 
(+25.8) 

91.8 
(+32.6) 

80.2 
(+23.9) 

97.1 
(+29.7) 

88.7 
(+50.2) 

84.6 
(+27.3) 

88.7 
(+28.3) 

90.5 
(+39.8) 

Thiamin 
(mg) 

1.2 
(+0.5) 

0.9 
(+0.4) 

1.2 
(+0.5) 

0.99 
(+0.42) 

0.9 
(+0.5) 

0.7 
(+0.3) 

1.1 
(+0.5) 

0.9 
(+0.4) 

1.0 
(+0.5) 

Vit D (ug) 
 

3.0 
(+1.1) 

- 
 

2.7 
(+1.6) 

2.4 
(+1.2) 

- 2.5 
(+1.4) 

2.8 
(+1.2) 

- 2.6 
(+1.5) 

Calcium 
(mg) 

658 
(+207) 

523 
(+271) 

510 
(+336) 

519 
(+184) 

453 
(+286) 

468 
(+245) 

602 
(+208) 

490 
(+275) 

493 
(+299) 

Iron (mg) 
 

8.4 
(+2.8) 

6.8 
(+2.2) 

7.9 
(+3.0) 

8.0 
(+2.3) 

6.7 
(+3.0) 

6.4 
(+1.9) 

8.3 
(+2.6) 

6.8 
(+2.6) 

7.3 
(+2.7) 

Sodium (mg) 
 

2075 
(+577) 

1928 
(+630) 

2037 
(+578) 

2056 
(+730) 

1704 
(+558) 

1707 
(+546) 

2067 
(+636) 

1824 
(+598) 

1905 
(+580) 

Potassium 
(mg) 

2357 
(+644) 

2038 
(+655) 

2191 
(+990) 

2007 
(+594) 

2062 
(+1076) 

1990 
(+598) 

2215 
(+641) 

2049 
(+859) 

2111 
(+848) 

Long chain 
n3 PUFA 
fatty acids 
(mg) 

172 
(+245) 

- 192 
(+264) 

315 
(+445) 

- 249 
(+334) 

230 
(+343) 

- 215 
(+290) 
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Table 13 - Cognitive tests, according to Group (mean (SD)) 

 Pork Chicken Total 

 0 6 weeks 
12 

weeks 0 
6 

weeks 
12 

weeks 0 
6 

weeks 12 weeks 

Fluency 
(Total)† 
 

22.2 
(+10.0) 

21.3 
(+9.8) 

22.7 
(+9.7) 

20.8 
(+8.7) 

24.1 
(+10.2
) 

24.3 
(+11.1) 

21.6 
(+9.4) 

22.5 
(+9.9) 

23.4 
(+10.1) 

RAVLT†† 
(Total) 
 

37.1 
(+11.6) 

41.8 
(+8.9) 

- 40.7 
(+8.6) 

52.7 
(+9.3) 

- 38.6 
(+10.5
) 

46.3 
(+10.5
) 

- 

RAVLT†† 
(Correct) 
 

13.0 
(+1.7) 

13.0 
(+2.3) 

12.5 
(+2.3) 

14.0 
(+1.0) 

14.4 
(+0.6) 

13.8 
(+1.3) 

13.4 
(+1.5) 

13.6 
(+2.0) 

13.0 
(+2.0) 

RAVLT (False 
Positives)†† 
 

6.0 
(+7.3) 

4.4 
(+3.2) 

4.7 
(+6.1) 

3.6 
(+3.9) 

3.3 
(+3.6) 

4.4 
(+3.7) 

5.1 
(+6.2) 

3.9 
(+3.4) 

4.6 
(+5.2) 

Boston‡ (Total 
Number 
Correct) 

39.4 
(+5.2) 

41.1 
(+5.9) 

41.2 
(+6.6) 

41.1 
(+4.9) 

43.7 
(+2.8) 

44.3 
(+2.6) 

40.1 
(+5.1) 

42.2 
(+5.0) 

42.3 
(+5.6) 

Boston‡ (Total 
Score) 

56.6 
(+4.4) 

57.5 
(+3.1) 

56.6 
(+5.3) 

56.7 
(+3.7) 

58.7 
(+1.3) 

58.8 
13.8 
(+1.1) 

56.6 
(+4.1) 

58.0 
(+2.6) 

57.4 
(+4.3) 

Geriatric 
Depression 
Scale* 

3.3 
(+3.3) 

- 3.8 
(+4.6) 

5.4 
(+4.3) 

- 5.9 
(+3.3) 

4.2 
(+3.8) 

- 4.7 
(+4.2) 

†Verbal fluency test scored as number of semantic and phonemic items beginning with the alphabet letter F within 
60 seconds. This is repeated with the alphabet letter A and again for words from a given category (animals). The 
total number of correct words mentioned for alphabet F + alphabet A + category are recorded.   
††Rey Auditory Learning Test (RAVLT -total, correct, false positives) = number of words recalled. 
‡Boston Naming Test score = total number of correct answers out of 60 items that could be recognized. 
*GDS Scores categorised as:  0-9 (Normal); 10-19 (Mild Depressive); 20-30 (Severe Depression). 

Linear mixed models 

All analyses for the linear mixed models that are presented have been adjusted for physical activity 
(fixed for baseline measures) and reported dietary intake of energy and protein (variable by time point). 
The means and Standard Errors (SE) for the outcome variables that are shown below are estimated 
marginals that have been adjusted for these covariates.   

The only variable for which a time-group interaction term is significant is RAVLT (total). Participants 
randomized to the chicken meals had a significantly higher score on this cognitive function test, 
compared to the pork group, at 6 weeks.  

There is also a main effect for one of the Boston memory test scores but this  indicates that the score 
was higher in the chicken meal group, compared to the pork group throughout the whole study period.  

The analysis was also run without any adjustments for covariates and similar results were obtained. 
Results of the linear mixed models are shown for each variable (non-significant models shown in 
Appendix). Time points are baseline (1), week 6 (2) and week 12 (3). 
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Table 14a and b: Linear mixed model results – RAVLT (Total score) and RAVLT (correct answers) 

 

RAVLT (Total)  

Group Time Mean Std. Error df 

95% Confidence Interval 
P value 
(model) 

Lower Bound Upper Bound 

Chicken 1.00 39.859 2.321 55.325 35.209 44.510 .176a 

2.00 52.879 2.525 68.690 47.842 57.916 .000b 

3.00 41.163 2.613 74.095 35.958 46.369 .002c 

Pork 1.00 37.506 1.886 59.144 33.732 41.280  

2.00 42.982 2.189 82.566 38.627 47.337  

3.00 41.747 2.080 74.472 37.602 45.892  

aGroup  (Chicken vs Pork);  bTime; cGroup vs Time (Interaction term) 

Post hoc analysis (Bonferroni tests) indicates that the RAVLT (Total) score was significantly higher for the 
chicken group than the pork group, at week 6 only, as seen in Figure 6. 

 
 
RAVLT (Total correct responses) 
 

Group Time Mean Std. Error Df 

95% Confidence Interval P value 
(model) 

Lower Bound Upper Bound 

Chicken 1.00 14.144 .413 65.374 13.320 14.969 .012a 

2.00 14.470 .460 78.647 13.554 15.386 .187b 

3.00 13.887 .480 83.312 12.931 14.842 .951c 

Pork 1.00 12.975 .339 68.963 12.298 13.651  

2.00 13.129 .410 89.699 12.314 13.945  

3.00 12.575 .390 84.880 11.799 13.352  
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Figure 6 - Change in RAVLT (Total) score, by time and diet group 

Post hoc analysis showed that the main effect for RAVLT (Total correct responses) was for chicken, with 
a consistently higher score at baseline and throughout the duration of the trial, as illustrated in Figure 7. 

 

Figure 7 - Change in RAVLT (Correct number of responses), by time and diet group 
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Table 15a - Linear mixed model results – Boston Naming Test (Total correct) 

Group Time Mean Std. Error df 

95% Confidence Interval P value 
(Model) 

Lower Bound Upper Bound 

Chicken 

1.00 41.095 1.279 46.073 38.521 43.669 0.335a 

2.00 42.383 1.318 51.321 39.738 45.028 0.000b 

3.00 42.866 1.344 54.938 40.173 45.559 0.370c 

Pork 

1.00 38.919 1.032 47.979 36.844 40.993  

2.00 41.447 1.087 57.569 39.271 43.624  

3.00 41.211 1.066 53.858 39.073 43.349  

aGroup  (Chicken vs Pork);  bTime; cGroup vs Time (Interaction term) – for the tables below 

Table 15b - Linear mixed model results – Boston Naming Test (Total score) 

Group Time Mean Std. Error df 

95% Confidence Interval P value 
(Model) 

Lower Bound Upper Bound 

Chicken 

1.00 56.574 0.911 58.584 54.751 58.397 0.535a 

2.00 58.008 1.005 72.822 56.005 60.011 0.108b 

3.00 58.082 1.069 81.122 55.955 60.208 0.674c 

Pork 

1.00 56.377 0.754 63.647 54.871 57.883  

2.00 57.399 0.888 85.465 55.633 59.165  

3.00 56.822 0.836 77.743 55.158 58.486  

 

Table 16 - Linear mixed model results – BMI 

Group Time Mean Std. Error df 

95% Confidence Interval P value 
(Model) 

Lower Bound Upper Bound 

Chicken 

1.00 30.624 1.137 50.618 28.340 32.908 0.076a 

2.00 29.794 1.217 62.182 27.362 32.226 0.593b 

3.00 29.778 1.245 66.285 27.293 32.263 0.664c 

Pork 

1.00 27.465 0.960 53.326 25.540 29.390  

2.00 27.650 1.054 70.073 25.548 29.752  

3.00 27.180 1.018 63.604 25.146 29.214  

 
Table 17 - Linear mixed model results – Body Fat (%) 

Group Time Mean Std. Error Df 

95% Confidence Interval P value 
(Model) 

Lower Bound Upper Bound 

Chicken 

1.00 35.183 2.027 41.427 31.091 39.275 0.858a 

2.00 37.467 2.082 45.680 33.276 41.658 0.020b 

3.00 36.203 2.122 48.832 31.939 40.467 0.340c 

Pork 

1.00 35.687 1.854 42.867 31.948 39.426  

2.00 36.710 1.910 47.858 32.868 40.551  

3.00 34.975 1.885 45.556 31.180 38.770  
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Table 18 - Linear mixed model results – Thiamin Intake (mg) 

Group Time Mean Std. Error df 

95% Confidence Interval P value (Model) 

Lower 
Bound 

Upper 
Bound 

Chicken 

1.00 1.028 0.095 86.146 0.838 1.217 0.210a 

2.00 0.966 0.113 92.772 0.740 1.191 0.316b 

3.00 0.840 0.120 94.320 0.601 1.078 0.184c 

Pork 

1.00 1.136 0.081 87.473 0.976 1.297  

2.00 0.927 0.105 95.808 0.718 1.136  

3.00 1.158 0.096 93.552 0.968 1.348  

 

There was a trend for thiamin to increase slightly in the Pork group and decline in the Chicken group 
over 12 weeks, as shown in Figure 8 but this was not significant. 

 

Figure 8 - Change in dietary thiamin intake over 12 weeks 

Study 2: Focus groups 

A total of 18 adults (5 male and 13 female) took part in three focus groups (FG) (n=6 for each) to discuss 
factors which influence their food choice and dietary behaviours.  All participants (P) were aged >60 
years and predominantly of Anglo-Saxon heritage, including three British, one Scottish, one Dutch, and 
one Hungarian.  One female was Indian-born.  A mix of singles (n=10), couples (n=3, ie. 6 individuals) and 
those living with a partner but who participated in the group alone (n=2) joined the discussions.  
Participants within each group were known to one another socially.  Each of the participants appeared to 
be in good physical health.  One male utilised a walking stick, however, all others were free from 
dependence upon mobility aids.  Four participants wore spectacles, but none of them expressed or 
exhibited any difficulty with hearing. Although not officially examined as part of the focus group 
investigation, some participants commented that they were in receipt of a pension. Others gave an 
impression that they may have been self-funded retirees.  A difference in relative affluence between 
individual sites was perceived.   
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All three focus groups began in an orderly manner, with the moderator asking a question and then 
sequentially inviting comment from each of the participants.  As the discussions progressed, participants 
became more at ease with the process and were keen to provide input, freely exchanging their points of 
view.  Eleven key factors (subthemes) affecting current food choices and behaviours emerged from 
discussions.  Several of these appeared to be interrelated, with food-related decisions sometimes 
necessitating a personal trade-off between competing influences or otherwise the development of 
strategies to ensure that each could be satisfied.  The eleven subthemes identified were grouped into 
three overriding themes, and where necessary, broken down into categories to account for 
differentiation of thought, as shown in Figure 9. Key quotes have been chosen to reflect each of the 
subthemes (see Table 14). 

 

Figure 9: Schematic indicating themes and subthemes identified 

Table 14 - Coding statements and exemplar quotes 

Theme Subtheme Statement Exemplar Quotes 

Adaptation  Variability of 
life 
circumstances 

Current food choices and/or 
behaviours that have been 
impacted by changes to 
lifetime roles, events and 
experiences: 

  - Childhood experiences 

(4)  

 

  - Getting married 

 

  - Children leaving home 

(12)  

(13)  

 “… my husband was a fisherman, and my dad was. I’ve 

grown up with seafood and a vegetable garden.  It’s 

the upbringing, you know” 

 “I s’pose that comes from, from how your mother did 

things, ‘n’ ... so it goes down the line.” 

 “My Mum was a professional cook.  My youngest 

brother … lives in Switzerland … he was a  … prize-

winning professional cook.  I think it must’ve, ah ... 

rubbed off” 

 “…but I had to cancel a few of those recipes out 53 

years ago and convert over to a few Dutch recipes, 
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Theme Subtheme Statement Exemplar Quotes 

(5)  

(6)  

(7)  

(8)  

(9)  

(10)  

(11)  

 

  - Death of a spouse 

 

 

  - Living alone or as a couple 
in retirement 

which are very nice …” 

 “… when the kids left, he was still cooking for 

everybody, so we always had a freezer full of meals to 

eat.  But, um ... no, that all changed.” 

  “… we ate less fat I suppose, and I could have full 

cream milk when the kids are at home ‘cos it’s healthy 

for them, but once they’d left, I, I didn’t have it any 

more” 

 “I’d do, ah, apple pie and custard, you know.  I’d do a 

lemon meringue pie - all that sort of stuff that I 

stopped doing when they left home.”   

 “I have problems buying a small amount, having 

shopped for years, with family ‘n’ stuff.”   

 “I have a baked dinner when I go up to my youngest 

daughter ... because she’s busy working and that … so, 

when I go up there I take the leg of lamb and sweet 

potato ... so I do that, you know, when I go up there 

... ... and I cook them a baked meal …” 

 “…particularly Sunday morning, my husband and I 

always used to have bacon and egg on Sunday morning 

for breakfast. We had a different breakfast every day 

of the week ... ... when he was alive” 

 “I, I haven’t had a pig’s trotter ... well, Judy’s been 

dead six years.  And a pig’s trotter seven years.  If I go 

to the delicatessen and I see them, and oh yes!  But 

too many memories of pig’s trotters.” 

 “vegie shopping every Tuesday morning” 

 “I replace everything that I use, that’s all, yeah, and 

just when I need things, I go and get them” 

 “I get it as I need it ... because I can’t carry too much, 

heavy ...”.   

 I just get so much … every few days.  And if I’m out, 

“Oh, I must get some more fruit” ... and I just get 

three of this or three apples or…”. 

 “we freeze our soup down; we've always got frozen 

soup there, or ... if I make curried chicken, usually I 

do enough for another meal ... or curried sausages, 

something like that.  There’s always something in the 

freezer” 

 “I’ll do two, you know, meals for two ...tonight and 

tomorrow night.  What’s the point in doing two lots?” 

 “I’ll just spend 1 or 2 days cooking; have three weeks, 

three weeks food in the freezer, um, so I’m having a 

different meal every, every evening”. 

 “I don’t freeze a lot of meat ... um ... ‘cos I like it 

fresh ... rather than frozen.” 

Management of 
physiological 
change 

Strategies for selecting, 
preparing or eating foods 
arising from diagnosis or 
experience with an age or 

 “Well, as we’ve got older, we’ve certainly eaten less 

...” 

 “I eat about half from what I used to eat 10 years 

ago.” 
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Theme Subtheme Statement Exemplar Quotes 

health-related issue  “I think, more than anything, your age ... makes your 

eating habits ... better.” 

 

Theme Subtheme Statement Exemplar Quotes 

Psychosocial 
parameters 

Maintenance of 
independence 

Desire and/or willingness to 
undertake tasks for oneself 
and avoid reliance upon 
others 

 “…we do all our own cooking ...” 

 “I would much rather do it than have to rely on 

someone to, to do things for me all the time.” 

 “While we can, we will.” 

Sense of 
community 

Desire or willingness to 
engage with and/or care for 
other residents 

 “I help other people shop” 

 “We look after each other” 

 “We’re not in each other’s houses, and in each 

other’s pockets, but we’re there for each 

other.” 

 “I wouldn’t do that on a regular basis, but, if I 

know a person is ill ...” 

 “like, our every monthly dinner … twice a year 

we have that” 

 “.. Friday night’s Happy Hour.” 

Interest in and 
understanding of 
health and 
nutrition 

Desire and willingness to 
pursue behaviours believed 
to benefit health (eg. diet, 
cooking practices, physical 
activity) 

 “I think it depends on how you want to look 

after your health, because the older you get, 

the less exercise you do. And of course, so, 

you’ve, you’ve got the input, but you’ve got to 

get the output.  You’ve got to get rid of that.” 

 “… people who are here are interested in 

health … they take care of themselves; they eat 

properly, do things properly … The people that 

you need in here are the ones that don’t eat 

healthily … you need people that are not 

healthy.” 

 “I think that there is, you know, you have to 

just say, ‘Well, like, this is healthy’ because 

there’s so many different advertisements; 

everybody’s got an angle when they’re telling 

you ‘Have this’ or ‘Don't have this’, I think … 

utterly confusing” and “Well, it’s all 

marketing”.   

Preferences, 
aversions and 
beliefs 

Personal thoughts and 
feelings pertaining to 
particular foods or cooking 

 “…if I’m buying pork, I buy free range pork.” 

 “Pork and beef is our belief.” 

 “All different meats.” 

 “Well, it’s the same as cows, anything ... isn’t 

it … sheep.” 

 “Nothing will put me off my food.” 

 “It’s all full of hormones.” 
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Theme Subtheme Statement Exemplar Quotes 

Product/ 
market fit 

Quality Thoughts and actions based 
upon perceptions about the 
merit of various attributes 
of a product (eg. freshness, 
flavour, durability) 

 “If we, we can pay a little bit more but get 

something that will last the full week rather 

than have to throw out at the end of the week.  

“ 

 “The old saying, you get what you pay for.” 

 “I'd rather pay a little bit more ... ... and get 

quality.” 

Price Thoughts and actions based 
upon financial consideration 

 “… we don’t worry about the cost of things ... 

as long as they're not sky high.”   

 “… we decide on what we like ... ... but we 

usually wait until it comes on special.  But we 

don’t … buy things that are on just because 

they're on special ... we buy the things that 

we’d like ... and wait until they come on 

special … and when they come on special, ah, 

we might have two or three of them.” 

 “if we are doing lamb, it is the cutlets.  I know 

they are expensive, but that’s the one thing we 

like.” 

 “ … even if it was expensive.  I mean, you still 

need a variety, so.” 

 “I would love to eat a nice fillet steak .... pork, 

these sorts of things, but really, it’s just out of 

my (budget) …” 

 “… if something’s not on special, I don't buy it.” 

Country of origin Decisions and/or actions 
based upon the country from 
where food items has been 
sourced or produced 

 “I read labels because I like to buy Australian.“ 

 “If it’s not Australian, ah, ah, fish, forget it.” 

 “I won’t touch any of the overseas …” 

 “Overseas, that stuff from Vietnam, you don’t 

know what kind of water it’s been grown in.” 

Store attributes: 

  - Accessibility 

  - Service 

Decisions and behaviours 
arising out of factors 
relating to food stores: 

  - Ease of access into and 
around store/shopping 
complex 

  - In-store service options  

 “…you can park underneath, you see, and 

there’s always parking available and they’ve 

got two senior’s spots by the lifts...by the 

escalators.” 

 “Big wide aisles …” 

 “I always go to Figtree because I’ve got Coles 

and Woolies together. “ 

 

Theme 1: Adaptation 

The theme of adaptation encompasses the ways in which participants have modified their 
food choices and/or dietary behaviours in response to either variation in their life 
circumstances or physiological change.  This theme was evident across all focus groups 
through comments which related to altered shopping and cooking practices, types of foods 
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consumed, and timing of meals.  Some participants also mentioned the establishment of 
routines in response to their changed situation, as well as the persistence of long-held 
habits. 

Many of the participants spoke of events during their lifetime that have influenced their 
present eating habits, including childhood experiences, getting married, children leaving 
home, death of a spouse and living alone or as a couple in retirement.  For some 
participants, family members and experiences when growing up have left an indelible 
imprint, affecting food intake as well as shopping and cooking behaviours. Marriage also 
signified considerable change for two of the women, who both married men from 
European cultures and were subsequently exposed to a whole new range of foods and food 
customs, many of which remain and have been passed on to their adult children.  In 
contrast, two of the men (whose wives adopt chief responsibility for meal provision) 
reflected an air of indifference, stating “I just eat what’s in front of me” (FG1, P1) and 
“she’s the cook” (FG1, P3).  

Children leaving home often signalled another major change to eating habits, as reflected 
by statements pertaining to both the types of foods eaten and the quantity of food 
prepared.  Some participants also felt that their food choices had become much healthier 
since not having to cater for children. For instance, desserts - once commonplace - had, 
for many, become a less frequent inclusion in the diet.  For some women, however, old 
habits were hard to break: one has struggled to purchase smaller amounts of food since 
her children left home, while another felt the need to continue her nurturing role by 
cooking regular meals for her daughter’s family. 

The death of a spouse also played a significant role in shaping food choices and dietary 
behaviours, both in terms of the types of foods eaten and also cooking routines.  Some 
participants reminisced fondly about times past (such as enjoying regular cooked 
breakfasts, greater dietary variety and activities such as catching fresh fish for dinner), 
however, one of the male participants indicated an avoidance of certain foods that 
triggered memories of times when his wife had been alive.  

Living alone or as couple in retirement mostly impacted shopping and cooking strategies, 
rather than the types of food consumed.  For shopping, opinions were divided: participants 
seemed either to have an established routine (often weekly) or otherwise stated a 
preference for purchasing smaller amounts more frequently, perceiving this as a way to 
avoid waste or else the need for carrying heavy groceries.   

Meat purchases were often made in bulk and then either split into smaller portions for 
freezing, or otherwise cooked in sufficient quantities for at least two meals, with extra 
portions frozen.  Reasons provided included avoidance of waste, negating the need to cook 
for every meal, and facilitating greater meal variety.  Only one participant stated a 
preference for purchasing meat in smaller amounts and using it fresh, however, this 
woman was predominantly vegetarian and her husband ate only small amounts of meat 
secondary to a diagnosis of iron deficiency anemia.  

Management of both physiological n changes due to aging and also medical illness was 
discussed.  Almost all participants reported a reduction in appetite with age and eating 
smaller meal portions, while one woman mentioned lack of dentition as slowing her 
eating.  Neither of these issues, however, appeared to detract from the variety of foods 
consumed.   

Illness and medical conditions were responsible for changes to both the types of foods 
eaten and also the timing of meals.  One participant (FG1, P3) reported having to “cut the 
fat” following recent heart bypass surgery; another was avoiding bread due to a perceived 
yeast intolerance; and another restricted alcohol due to interaction with medications.  
Interestingly, one of the women had been advised to consume full-cream milk to benefit 
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her osteoporosis, indicating either miscommunication or a misunderstanding about 
nutrition. 

Gastro-oesophageal reflux was a problem commonly experienced amongst all groups.  
Participants so affected reported the adoption of strategies such as avoidance of certain 
foods (cheese, fried foods and spicy foods), and also consumption of their main meal at 
lunchtime (followed by a light meal at night) to alleviate symptoms.  

Theme 2: Psychosocial Parameters 

A universal determination to maintain independence was apparent amongst all groups.  All 
but two of the participants maintain their driver’s licence., However, all are able to 
manage their own shopping and most continue to cook their own meals (with only 
occasional inclusion of convenience-type foods).  As succinctly reflected by one woman, 
“while we can, we will” (FG3, P13).  A small number have recently enlisted part-time 
meal delivery services, or would consider this as an option in the future, with such meals 
generally viewed as being of good quality and providing a convenient, nutritionally 
adequate alternative to preparing meals.   

Participants also remain independent for other daily living activities.  As commented by 
one woman, “I would much rather do it than have to rely on someone to … do things for 
me all the time” (FG2, P12).  This view was strongly supported by others, however, one 
woman acknowledged “I think we’re very fortunate that we’re fit enough to … look after 
ourselves.” (FG2, P10) 

A strong sense of community was evident across all three focus groups.  Regular social 
gatherings involving food were conducted at each of the facilities: a biannual community 
dinner, a biannual barbecue, and a weekly “Happy Hour” respectively, which were greatly 
enjoyed by all of the participants.  Participants also made a point of helping each other 
when they felt it was needed.  For example, one of the male participants provided weekly 
shopping transport for two other residents, while other participants would offer assistance 
if someone was unwell, or bring in a neighbour’s washing when it rained.  At one site, 
however, participants were quick to point out that they did not habitually offer help for 
fear that this may incite dependency for some. 

The importance of nutrition for maintaining good health was widely acknowledged, with 
participants both interested in, and also accepting of their own responsibility for, eating 
well and exercising regularly.  Almost all participants reported eating three meals daily 
and enjoying a wide variety of foods.  Many were concerned to manage their weight and 
monitored this through regular self-weighing, although only two followed specific diets 
(the 2/5 fasting diet and the “Eat Right for Your Type” blood group diet).  A number of 
the participants reported taking steps to minimise their fat intake, including trimming fat 
from meat, avoiding processed foods and choosing low-fat cooking methods, while one 
couple were careful to select meals which were low in cholesterol and salt when ordering 
from a meal-delivery service.  While most were careful to avoid excess fat in their diet, 
and some keen to minimise their intake of sugar, most participants reflected a view 
towards moderation, permitting the inclusion of occasional treats such as pork crackling, 
chocolate and alcohol.  Overuse of preservatives in the food supply was viewed by some as 
being of concern. 

Frustration with a perceived inconsistency in public nutrition messages was expressed, and 
a degree of confusion and misinformation about certain nutrition issues apparent.  
Nonetheless, several of the participants articulated a desire to learn more about healthy 
eating, particularly pertaining to portion control.   

Daily exercise and physical activity was an important concern for many of the participants.  
Walking was popular, while a few also enjoyed regular swimming, bowling and line 
dancing activities.  Some participants additionally reported building physical activity into 



 

 

  36  

their daily routine, by walking to the local shops and choosing to live in a second-floor unit 
so that they would need to climb the stairs to access their premises.   

Somewhat surprisingly, none of the participants from this study appeared to experience 
significant food preferences, or aversions.  Most reported enjoying a wide range of foods 
from all of the food groups, with some passing comment about specific cultural foods or 
foods from childhood that are still enjoyed.  Little mention was made, however, about 
food aversions – more so, participants discussed self-imposed limitations due to concerns 
about weight, health issues or cultural beliefs.  Amongst true food aversions, offal meats 
were mentioned by some, while two participants expressed a reluctance to eat either fruit 
or vegetables; however, both of these individuals recognised the importance of fruit and 
vegetables for good health and so had recently invested in a “Magic Bullet” food blender 
as a means to increasing their intake.  This finding was of interest, since the two 
individuals concerned lived in different residential facilities; hence suggesting that juicing 
may be a viable method for improving fruit and vegetable intakes within this population, 
while minimising food volume increase due to reduced appetites.  

Most participants reported enjoying a wide range of meats, including pork.  The relative 
expense of some cuts was discussed, however, participants generally indicated their 
intention to purchase these either on occasion or when discounted in price to ensure 
dietary variety.  One woman avoided beef and pork due to cultural beliefs, while one of 
the British participants mentioned BSE as having been of concern when in England, but not 
in Australia.  A few participants commented that they would eat only free-range chickens 
and eggs ( one only mentioned free-range pork), while others mentioned concern over the 
use of steroids, hormones and antibiotics, yet this was not sufficient to prevent them from 
consuming chicken products. 

Pork was generally considered a lean meat, although many participants also made 
associations with pork crackling, which they recognised as being high in fat.  Crackling was 
enjoyed in limited amounts; however, pork flesh was widely consumed.  Pork chops, roast 
pork and pork fillets were particularly favoured.  Only two women were opposed to eating 
pork, based upon cultural beliefs and concerns about pigs sharing the same DNA as humans 
and knowing a pet pig.  The latter of the women also held concerns about the way in 
which animals in general were reared and whether they were humanely slaughtered.  Most 
participants, however, regarded eating pork as being indifferent to consuming other forms 
of meat.   

Most participants viewed cooking as pleasurable, and  continue employ a wide range of 
cooking techniques, including roasting, frying, microwaving, pressure-cooking, slow-
cooking and baking.  Only two participants expressed a lack of enjoyment from cooking, 
due to previous negative experiences surrounding cooking and the time-intensity of the 
task, which detracted from other pleasurable activities. 

Theme 3: Product/Market Fit 

This theme describes the extent to which aspects of food and the food retail environment 
meet the needs and expectations of older community-dwelling Australians.  Issues of 
quality, price, country of origin, and retail-store attributes (including accessibility and 
service) were discussed. 

Quality was an important consideration for all groups, especially in relation to fresh 
produce.  Many participants reported travelling to multiple locations – and, at times, 
considerable distance - to obtain perceived quality, with a preference for specialist 
retailers (over supermarkets) expressed.  Some participants spoke of their distrust of fresh 
fruit and vegetable produce sold in major supermarket chains, especially when pre-
packaged in sealed cellophane-wrapped cartons.  Most preferred to self-select fresh 
produce, despite the higher price incurred.  In terms of meat, participants used a 
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combination of supermarkets and smaller outlets, but would often purchase fish from a 
specialist seafood store. For general groceries, participants frequented a number of the 
larger supermarkets.  

Opinions about the relative impact of price upon purchasing behaviour were mixed.  In 
two of the focus groups, participants acknowledged advertised specials, but did not let 
these govern purchasing decisions.  When desired items happened to be on special, these 
participants would take advantage by purchasing multiple items which could be stockpiled 
in the pantry or freezer.  Discount days for seniors were also utilised.   

At the third facility, however, price was of greater importance, with participants 
indicating more budget-conscious shopping behaviours.  One woman compared prices at 
three separate locations to access the best deal, while about half of this group would 
purchase meat that had been reduced for quick sale.  The latter strategy facilitated the 
purchase of prime cuts which could not otherwise be afforded. However, participants 
were wary of discounted salads and fish due to concerns over safety.  Despite these 
differences, all study participants consensually prioritised quality over price, indicating a 
preparedness to pay a little extra in order to obtain items of an acceptable quality.   

Participants from one group also reflected upon changes in the quality of the food supply 
over time, commenting that foods today contained too many additives to extend shelf-
life, didn’t taste the same anymore and were of inferior quality. 

Participants in all groups unanimously expressed a preference for purchasing Australian 
food products, especially fresh foods such as meat and fish, with participants prepared to 
pay more for Australian foods.  Both quality and safety were viewed as potential issues, 
with participants expressing greater confidence in Australian food products.   

Accessibility and service were the most important concerns relating to individual retail 
outlets.  Escalators, wide aisles and designated ‘senior parking spots’ were viewed 
favourably, while one participant spoke of the convenience of being able to access two 
major supermarkets in the one shopping complex.   Good service was also considered 
important.  For example, some participants preferred to shop at a local butcher where 
they were able to buy smaller portions of meat, rather than having to buy bulk pre-
packaged meat from supermarkets.   

4. Discussion 

Study 1: Quasi experimental trial 

Contrary to our hypothesis, provision of pork-containing meals four times a week to 
healthy, community-living older adults did not result in improved performance on various 
cognitive tests, nor on tests of physical function and muscle strength, compared to similar 
meals that contained chicken. Likewise, the pork group did not show benefit over the 
chicken group for measures of body composition (percentage body fat). This quasi-
experimental study was a pilot study to further develop methodology to study the 
positioning of fresh pork in the diets of older people. Due to difficulties in recruiting 
participants to the study and retaining them for 12 weeks due to fatigue with the meals, 
we were unable to meet the desired sample of 60 participants. The final sample size of 31 
participants may have been underpowered to find an effect, however the data does not 
show trends in outcomes of interest for either diet group.   

In order to efficiently utilise the vast quantity of data that had been collected using 
validated and reliable instruments, cross-sectional analyses were conducted on the pooled 
sample of 48 participants at baseline. This identified some interesting observations. 
Despite differences between men and women in body composition and upper body 
strength, they had similar measures of lower body strength (using the proxy of sit to stand 
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test) and physical functional performance. Both men and women performed poorly 
compared to published reference standards for their age in the 6-minute walk tests 
(Bohannen, 2007). Men performed poorly on the Sit to Stand test (Butler et al., 2009) and 
hand grip strength (Ramlagan, et al., 2012), although performed well on the Timed Up and 
Go test (Pondal, 2008). Conversely, women performed poorly on the Timed Up and Go 
(Pondal, 2008), but performed well on the Sit to Stand test and for hand grip strength. The 
sample appeared well nourished, as determined by the Mini Nutritional Assessment tool. 
Both men and women consumed above the recommended intake for protein (NHMRC, 
2005) and men consumed significantly more energy than women.    

The baseline results support the body of evidence (Gale et al., 2007; Pisciottano et al., 
2014; Visser et al., 2002; Cooper et al., 2011) that both upper and lower body strength 
declines with advancing age. Left hand grip strength, a measure of upper body strength, 
decreased with age for both men and women while performance in the Timed Up and Go, 
a measure of dynamic balance and lower body strength, decreased with age in women, 
but not in men. Reduced hand grip strength has been shown to be a predictor of all-cause 
mortality and morbidity (Bauer et al., 2013; Sanderson, 2014).  

Studies show that older people with greater amounts of fat-free mass experienced a 
slower decline in strength with age (Dey et al., 2009; Pisciottano et al., 2014). A 
longitudinal study of 75 year old men and 75 year old women demonstrated that body 
composition at baseline, measured in terms of fat-free mass, was a statistically significant 
predictor for decline in muscle strength. At the 5 year follow-up, a higher fat-free mass at 
baseline corresponded to a slower decline in muscle strength (Dey et al., 2009). It is 
expected that interventions aimed at increasing fat-free mass may help slow this decline 
of strength with age and improve the independence and quality of life for older adults 
(Binder et al., 2005). 

Body composition was associated with physical function in our sample. Being overweight 
was found to be unfavourable in the Timed Up and Go and Sit to Stand tests which are 
measures of dynamic balance and lower body strength, and this is a finding that is 
consistent with previously published literature (Vilaça et al., 2014; Woo et al., 2007. A 
high BMI was associated with a poor performance in the 6-minute walk test, a measure of 
functional performance. Other studies have reported that those with a BMI>30 kg/m² 
performed worst on walking performance, while those with a healthy BMI achieved 
optimal performance. Fat mass, not appendicular muscle mass, was associated with the 
walking speed after adjusting for BMI (Woo et al., 2007; Vilaça et al., 2014).  

In our study, a higher body fat percentage was detrimental for hand grip strength, as has 
been reported by others (Vilaça et al., 2014). These findings support the importance of 
exercise for optimal body composition and the maintenance of strength and physical 
function. Interventions aimed at reducing fat mass have been shown to improve functional 
performance, independence and quality of life in older adults (Misic et al., 2007; Villareal 
et al., 2006). The lack of change in either body composition or performance on the 
physical function tests for either diet group over the 12 week intervention indicates that 
physical activity and possibly strength training is needed to accompany dietray 
intervention.  

Most participants were classified as having a desirable nutritional status. Of interest is the 
finding that even in this sample of healthy, well nourished older adults, diet and 
nutritional status were associated with greater upper and lower body strength and better 
functional performance.  Dietary protein intake was positively associated with greater 
upper body strength. The role of protein in maintenance of muscle strength has been 
demonstrated in experimental studies. Over 12 weeks, participants who consumed 1.5g of 
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protein per kg of body weight per day showed the greatest increase in upper body strength 
compared to those in the control group consuming ~0.8g/kg/d (Shahar et al., 2013). 

A cross-sectional observation analysis also found that those consuming low protein diets 
compared to those with a high protein intake, resulted in impaired upper and lower 
extremity function in older adults aged between 60 and 90 years of age (Gregorio et al., 
2014). Our findings support the importance of protein intake for maintaining strength and 
physical function in older people. Our intervention study did not attempt to increase 
protein intakes but rather compared similar quantities of protein provided from two 
different meat sources, one of which was pork. Consensus has recently been reached 
regarding optimal protein intakes in older adults in order to prevent or delay a  decline in 
physical function with age and thereby improve independence and quality of life in older 
people (Bauer et al., 2013). To help older people (>65 years) maintain and regain lean 
body mass and function, the PROT-AGE study group recommends average daily intake at 
least in the range of 1.0 to 1.2 g protein per kilogram of body weight per day. Both 
endurance- and resistance-type exercises are recommended at individualized levels that 
are safe and tolerated, and higher protein intake (ie, ≥1.2 g/kg body weight/d) is advised 
for those who are exercising and otherwise active. Most older adults who have acute or 
chronic diseases need even more dietary protein (ie, 1.2–1.5 g/kg body weight/d).   

We performed similar cross-sectional analysis for associations with cognitive outcomes in 
the pooled baseline sample. Contrary to our hypothesis, we found no association between 
dietary thiamin intake and cognitive functioning. Some studies have similarly reported a 
lack of association (Lee et al., 2001; Katsiardanis  et al., 2013; McNeill et al., 2011), while 
others have found thiamin and dietary intake ( Aparicio Vizuete et al., 2010; Requejo et 
al., 2003; Ortega et al., 1997). Of the three positive studies, two studies had a lower 
mean dietary thiamin intake compared to intake reported by our participants. Participants 
in our study met the Estimated Average Requirement for thiamin, thus it is possible that 
thiamin intake may be more predictive of cognitive function in populations with low 
dietary thiamin intake or some form of thiamin deficiency.   

We did not use the Mini Mental State Examination (MMSE) as an indicator of cognitive 
function (Folstein et al., 1975)  as it is insensitive to change (Tombaugh et al., 1992). 
Instead, a battery of  cognitive tests were applied in order to address the various domains 
of cognitive function including higher executive function, visual attention, short term 
memory, recall and confrontational learning. Nonetheless, despite using a series of 
cognitive tests, no improvement in cognitive function was detected following a 12-week 
intervention that provided pork-containing meals, as compared to chicken-containing 
meals. The only observed cognitive effect was an improvement on the RAVLT test at 6 
weeks in those in the chicken group, although this group had a consistently higher 
performance on this test, even at baseline. Potential for learned responses, and thus 
improved performance, on the repeated tests cannot be ruled out.  There may also have 
been some cultural misinterpretations and bias in the  Boston Naming Test, which includes 
American words such as beaver, protractor and pretzel that may have been unfamiliar to 
the sample population.  

Of interest is the association we observed between a lower dietary vitamin D intake and 
higher scores in the total RAVLT and Boston Naming Test, after being adjusted for age, 
gender and education levels in a multiple regression model. These inverse associations are 
contradictory to literature suggesting that inadequate intake of dietary Vitamin D is 
related to poorer cognition (Kaplan et al., 2001). This association may be spurious or 
related to error in measurement of dietary intake using a food diary. In addition to oily 
fishes, vitamin D fortified margarine is one of the main sources of vitamin D intake in the 
diet of Australians (Nowson & Margerison, 2002). However, spreads such as margarine are 
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often under-reported in food diaries and missed in the food analysis if not written in the 
food diary. The mean dietary Vitamin D intake of participants at baseline was low 
(2.76±1.2 μg/day) and fell far short of the recommended Adequate Intake (AI)  of 15 
µg/day (NHMRC, 2005). However, we did not assess Vitamin D provided by supplements, 
nor did we obtain a measure of vitamin D status of participants.  The finding may reflect a 
Type 1 error, particularly given the small sample size.  

Typically, higher levels of education results in more extensive vocabulary skills, therefore 
education is a potential confounder in the Boston Naming Test (Hawkins et al., 2002). We 
found an association between higher level of education and higher BNT scores at baseline, 
which has been reported by others (Ross et al., 1995). However, education was no longer 
significant in the regression models.  

Study 2: Focus groups 

The qualitative component of the study sought to identify major factors influencing food 
choice and dietary behaviour amongst elderly community-dwelling Australians.  Many of 
the factors so-identified corroborate those from earlier studies, however, the way in 
which they have impacted food choice differs considerably.  Such disparities may be 
explained, at least in part, by characteristic differences between the particular 
populations investigated. Whereas most previous studies have focused upon elderly people 
exhibiting functional/mobility limitations and/or experiencing financial difficulty, this 
study involved individuals of seemingly variable levels of affluence who retain a high level 
of mobility, functionality and independence for all activities of daily living.  Hence, these 
findings fill a gap within the existing body of literature, and further serve to highlight 
similarities and differences between such groups.   

Life experiences, physiological changes associated with the aging process and the onset of 
illness or medical conditions are cited in the literature as impacting food choice and 
behaviour amongst elderly people (Falk et al., 1996; Radermacher et al., 2010; Wham & 
Bowden, 2011;ABS, 2013; Commonwealth of Australia, 2003; Hughes et al., 2004; 
Shatenstein et al., 2013;). Loneliness or living alone, chemosensory change, and poor 
dentition or chewing difficulty, for example, are widely reported (Charlton, 1997; 
Radermacher et al., 2010). Similarly, this study identified life change, decreased appetite 
and health issues as instrumental in shaping decisions surrounding food practices.  This 
study differs, however, in that such factors did not appear to impact negatively upon 
participant dietary behaviour.  Although some food choices and mealtime routines 
changed with time, all participants continued to consume three daily meals with the 
inclusion of a wide range of foods and cooking techniques.  All participants further 
indicated eating at least one hot-cooked meal most days (usually self-prepared), and 
inclusion of foods from all five food groups on a daily basis.  Of note was the intentional 
adoption of a range of strategies to safeguard nutrition, such as engaging in regular 
physical activity and varying meals (to promote appetite, stimulate interest in food and 
assist with weight maintenance), adjusting the types of foods eaten and the timing of 
meals to manage medical complaints, and cooking in bulk to ensure the availability of 
adequate meals with sufficient variety and minimal waste.  Such resourcefulness, 
preparedness to adapt and determination to maintain independence, coupled with a 
strong interest and awareness in health, nutrition and physical activity, have previously 
been highlighted as potentially protective for health in old age (Falk et al., 1996; Wham & 
Bowden 2011; Shatenstein et al., 2013). 

Older adults who live alone have been recognised as being more likely to lack the energy 
and motivation required to prepare and eat food.  Hence, living alone has also been 
associated with poor food choice and dietary intake (Charlton, 1997).  Evidence for this 
could not be found in the present study.  All participants, regardless of living 
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arrangement, appeared motivated to eat well and take care of their health, 
acknowledging both the importance of nutrition and also their own responsibility in 
ensuring health-promoting behaviours.    

A strong sense of community was also apparent.  Participants reported regular attendance 
at social events within their residential facility - which always involved sharing of food - 
and a willingness to “look after each other” (FG1, P2).  Residential facilities, therefore, 
appear to offer increased opportunity for social contact and support, as well as stimulus 
for meal consumption, which may be lacking for those living in private housing within the 
community. 

Quality and price were both important considerations for participants in this study, 
however, quality appeared to be of higher priority.  Participants indicated a preparedness 
to pay slightly more to obtain acceptable standards in quality, which contradicts some 
other studies that implicate price as being of equal or greater influence (Dean et al., 
2009; Wylie et al., 2009; Wham & Bowden, 2011).  This finding is perhaps reflective of 
differences in the socioeconomic status of participants. Participants from this study also 
expressed a greater perceived quality and safety from - and hence also preference for - 
Australian foods, including meat.  

The qualitative component of this study has provided complementary insights into the 12-
week intervention study.  Food choice and dietary behaviour amongst older community-
dwelling Australians is shaped by a complex interplay between a number of different, and 
sometimes competing, factors.  Findings from this study provide some insight into the 
nature of these factors, and further highlight a strong desire amongst this population to 
assert their independence and actively influence outcomes for health.   

Study limitations 

There are several limitations to the present study. The study was a pilot innovation 
project and was probably under-powered to detect statistical significance. We 
experienced difficulties in recruiting participants mostly because of the commitment to 
consumption of 4 meals containing either pork or chicken per week for 12 weeks. Meals 
were delivered to the homes of participants, but there was a limited range of options 
available which may have led to taste fatigue. In a healthy older population, a 12-week 
period may have been too short to observe diet-related changes between groups in 
measures such as cognitive performance, body composition and strength.  

The strengths of the study includes the use of a combination of well validated methods to 
assess both physical function and functional exercise performance, as well as handgrip 
strength which has been shown to have good test-retest reliability in this target group. 
The Mini Nutritional Assessment tool used to assess the participants’ nutritional status is 
also a well-known validated method, while the battery of cognitive tests allowed 
assessment of various domains of cognitive ability and performance. 

5. Conclusion 

In a cross sectional analysis conducted at baseline in a healthy sample of older adults, no 
association was found between dietary intakes of protein or thiamin on the domains of 
executive function, working memory, immediate memory, rate of learning, visual 
attention and task switching and depression. From baseline cross sectional analysis of the 
sample, body weight and fat mass were found to be detrimental for all measures of upper 
and lower body strength and functional exercise performance. Conversely, nutritional 
status and protein intake were important predictors of strength and functional ability. 
This emphasises the importance of exercise and achieving adequate dietary intakes for 
optimal body composition and the maintenance of strength and physical function in the 
elderly. Interventions aimed at monitoring and improving the nutritional status and dietary 
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intakes of older adults may prevent the decline in physical function with age and improve 
independence. Also, interventions aimed at reducing fat mass and increasing fat-free mass 
may help slow the decline in strength and physical function seen with age and as well 
improve the independence and quality of life for older adults.  

Longer term studies would be beneficial to investigate how dietary patterns that include 
pork result in changes in body composition, strength, functional exercise performance and 
nutritional status over time in older people as they age. These factors are important 
contributors to maintenance of independence and quality of life for the older population. 

6. Significance of the findings for the Pork Industry  

The findings of this pilot research provide evidence regarding the positioning of pork and 
pork products in food-based dietary advice to support healthy ageing. Regulatory agencies 
require scientific evidence of the health benefits of foods to underpin commercial 
marketing. This information may add a new marketing opportunity for the pork industry 
that will address consumer demands for foods that target health and wellbeing over the 
lifespan. Pork has largely been overlooked in favour of other protein sources, such as red 
meat and poultry, in nutritional interventions that assess the role of foods in the 
prevention of loss of muscle mass and maintenance of cognitive function in older adults. 
The inclusion of pork as a primary source of protein provides novel information on the 
benefits of regular inclusion in the diets of older people, an increasingly large sector of 
the population of Australia. The project methodology has been refined and could be 
applied to a longer study. Qualitative data has provided insights for the pork industry into 
consumer food-related behavior in older adults who represent a key market for expansion 
of pork meat sales given the shifting demographic. 
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Appendix 

Results from the linear mixed models for variables that were not significant are shown in 
the Appendix. All models are adjusted for base line physical activity (fixed) and dietary 
energy intake (variable at time points 0 and 6 weeks). 

Grip Strength, physical function tests and Mini Nutritional Assessment score 

Grip Strength (kg) RHS 

Group Time Mean Std. Error df 

95% Confidence Interval P value 
(Model) Lower Bound Upper Bound 

Chicken 

1.00 23.806 2.069 45.870 19.641 27.971 0.946a 

2.00 23.677 2.111 49.503 19.435 27.919 0.777b 

3.00 24.254 2.126 50.793 19.985 28.523 0.813c 

Pork 

1.00 23.932 1.692 46.778 20.528 27.337  

2.00 23.546 1.746 52.557 20.043 27.049  

3.00 23.712 1.727 50.506 20.243 27.181  

 aGroup  (Chicken vs Pork);  bTime; cGroup vs Time (Interaction term) for all tables  
  

Grip Strength (kg) LHS 

Group Time Mean Std. Error df 

95% Confidence Interval P value 
(Model) Lower Bound Upper Bound 

Chicken 

1.00 23.741 2.073 46.577 19.569 27.913 0.410a 

2.00 24.142 2.157 53.492 19.817 28.467 0.235b 
0.550c 3.00 23.647 2.184 55.797 19.273 28.022 

Pork 

1.00 21.870 1.656 48.053 18.540 25.199 
 

2.00 22.550 1.753 58.369 19.042 26.057 

3.00 20.545 1.719 54.657 17.100 23.990  

Sit-to-stand (repetitions) 

Group Time Mean Std. Error df 

95% Confidence Interval P value 
(Model) Lower Bound Upper Bound 

Chicken 

1.00 10.742 0.906 50.365 8.923 12.561 0.745 

2.00 10.851 0.973 62.212 8.906 12.795 0.392 

3.00 10.042 0.996 66.399 8.053 12.031 0.152 

Pork 

1.00 10.173 0.784 54.231 8.602 11.744  

2.00 11.335 0.854 68.991 9.631 13.038  

3.00 11.267 0.822 62.273 9.624 12.909  

Timed Up and Go (seconds)  

Group Time Mean Std. Error df 

95% Confidence Interval P value 
(Model) Lower Bound Upper Bound 

Chicken 

1.00 9.960 0.837 57.432 8.284 11.637 0.641 

2.00 10.059 0.925 73.148 8.215 11.903 0.389 

3.00 9.980 0.956 78.299 8.077 11.883 0.382 

Pork 

1.00 11.096 0.699 61.094 9.699 12.493  

2.00 10.658 0.812 84.330 9.044 12.272  

3.00 9.703 0.771 76.467 8.167 11.238  
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6 minute walk (metres) 

Group Time Mean Std. Error df 

95% Confidence Interval 

P value (Model) Lower Bound Upper Bound 

Chicken 

1.00 322.854 22.712 50.735 277.251 368.456 0.672 

2.00 323.242 24.275 61.975 274.717 371.766 0.766 

3.00 305.224 25.471 70.110 254.425 356.024 0.285 

Pork 

1.00 317.377 18.396 54.023 280.496 354.258  

2.00 333.003 20.637 74.191 291.885 374.121  

3.00 337.078 19.823 66.957 297.511 376.645  

MNA score 

Group Time Mean Std. Error df 

95% Confidence Interval 

P value (Model) Lower Bound Upper Bound 

Chicken 

1.00 26.969 0.534 79.591 25.906 28.032 0.918 

2.00 27.602 .628 89.513 26.354 28.850 0.149 

3.00 26.638 .663 92.001 25.322 27.955 0.818 

Pork 

1.00 26.716 0.461 81.859 25.799 27.633  

2.00 27.724 0.579 94.024 26.575 28.873  

3.00 26.954 0.531 90.204 25.900 28.008  

Cognitive tests 

Fluency (Total) 

Group Time Mean Std. Error df 

95% Confidence Interval 

P value (Model) Lower Bound Upper Bound 

Chicken 

1.00 20.338 2.297 51.278 15.726 24.950 0.972 

2.00 23.625 2.445 62.216 18.737 28.513 0.291 

3.00 22.833 2.497 66.072 17.849 27.818 0.240 

Pork 

1.00 22.343 1.899 53.869 18.535 26.151  

2.00 21.938 2.088 71.081 17.775 26.101  

3.00 22.823 2.021 64.950 18.786 26.860  

 

Geriatric Depression Score 

Group Time Mean Std. Error df 

95% Confidence Interval 

P value (Model) Lower Bound Upper Bound 

Chicken 
1.00 5.584 0.929 52.120 3.721 7.448 0.220 

3.00 4.911 1.098 68.020 2.720 7.102 0.678 
0.519 

Pork 
1.00 3.700 0.791 55.019 2.115 5.285 

3.00 3.841 0.881 66.338 2.083 5.600  

Note: Geriatric Depression Score (GDS) was measured only at baseline and week 12. 
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Anthropometry 

Weight (kg) 

Group Time Mean Std. Error df 

95% Confidence Interval 

P value 
(Model) Lower Bound 

Upper 
Bound 

Chicken 

1.00 74.893 3.442 49.832 67.980 81.806 0.945a 

2.00 73.700 3.703 62.734 66.300 81.100 0.938b 

3.00 73.785 3.794 67.320 66.213 81.358 0.532c 

Pork 

1.00 72.941 2.853 52.825 67.219 78.664  

2.00 75.295 3.187 73.213 68.945 81.646  

3.00 75.039 3.068 65.895 68.913 81.166  

Mid Upper Arm Circumference (MUAC) (cm)a 

Group Time Mean Std. Error df 

95% Confidence Interval 

P value 
(Model) Lower Bound 

Upper 
Bound 

Chicken 

1.00 31.894 0.868 56.683 30.156 33.632 0.755a 

2.00 31.472 0.952 71.161 29.574 33.370 0.497b 

3.00 31.016 0.982 76.052 29.060 32.972 0.742c 

Pork 

1.00 31.105 0.739 60.767 29.626 32.584  

2.00 31.391 0.836 80.271 29.727 33.055  

3.00 30.862 0.799 72.785 29.270 32.454  

 


