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Demographics 
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Alarming! 
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National 

Statistics 

(2017) 



6 BHF 

(2017) 

Recommendations: of at least 150 min of 

moderate intensity activity and resistance 

training twice a week. Equally important 

reduction of sedentary behaviour   



SARCOPENIA 

• In 1989, Rosenberg propose 

the term “sarcopenia” 

(poverty of flesh) to describe 

the age-related decline in 

muscle mass 

 

• Widely accepted definition by 

Morley et al (2001): 

Sarcopenia is the loss of 

muscle mass and strength 

that occurs with aging. 

 

• ~1% of muscle mass loss 

per year from age of 40) 
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René Koopman, 

and Luc J. C. 

van Loon (2009) 



Diagnostic Criteria and stages of sarcopenia 
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Functional decline and link with non-communicable diseases  

Kuh et al 

(2014) 





“The total public expenditure on malnutrition in health and social 

care was estimated to be £19.6 billion, with older adults 

accounting for 52% of the total. (2011-12) 

 

Elia (2015) 
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 Background 

 Key points 
 We are getting older and in UK, health span has been reduced since 

2012 

 

 Physical activity levels decrease with ageing 

 

 Sarcopenia major public health challenge 

 

 Physical (in)activity and protein-energy malnutrition key contributing 

factors to sarcopenia 



Effect of resistance training on functional capacity in 

chronic diseases.  

Pasanen et al. (2017) 



Effect of aerobic exercise on functional capacity in chronic diseases.  

Pasanen 

et al. 

(2017) 



Effect of combined endurance and RE on functional capacity in chronic diseases.  

Pasanen et al. (2017) 
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Fascinating data by Stamatakis et 

al. (2017) (Health Survey for England 

(HSE) and Scottish 

Health Survey (SHS) from 1994 – 

2008. 

 
Does strength promoting exercise confer unique 

health benefits? A pooled analysis of 

eleven population cohorts with all-cause, 

cancer, and cardiovascular mortality endpoints. 

The core sample comprised 80,306 participants 

corresponding to 736,463 person years and a 

mean follow-up of 9.2 (SD 4.5) years. Among them 

36.2% met only the aerobic guidelines, 3.4% 

met only the SPE guidelines, and 5.5% met both. 



Cermak et al. (2012): Outcome-Fat Free Mass 

Resistance 

Exercise Plus 

Protein 

Supplementation  



Cermak et al. (2012): Outcome-Fat Free Mass 

Resistance 

Exercise Plus 

Protein 

Supplementation  



Cermak et al. (2012): Outcome-Type I (A) and Type II (B) muscle fibres 

Resistance 

Exercise Plus 

Protein 

Supplementation  

Interestingly, no 

effect on Type II 

muscle fibres in 

Older  



Cermak et al. (2012): Outcome-1RM Strength 

Resistance 

Exercise Plus 

Protein 

Supplementation  



Chun-De Liao (2017): Outcome-Appendicular Lean Tissue Mass 

Duration of training intervention important! 



 Exercise and Nutrition Modifiable Risk Factors 

 Key points 

 Good Evidence for the role of Resistance exercise (RE) and 

Protein Supplementation  as a means to promote muscle and 

bone health and improve functional outcomes. 
 

 Physical activity (PA), aerobic and resistance exercise work!  

Resistance exercise even better with regards to mortality risk 

reduction!! 

 

 Resistance exercise + protein supplementation works even better 

 

 Avoid long periods of time sitting but if you do ensure you 

counteract by completing at ~70 min of moderate PA 

 

 DO NOT forget to complete RE at least twice weekly! 



Anabolic resistance (Murton, 2015) 

“Muscle anabolic 

response to a given 

amount of protein 

may decline with 

age, a phenomenon 

that has been 

termed anabolic 

resistance” 
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Reducing daily step-count by 76 

% for 14 d, from  5900 to ~ 1400 

steps daily, was shown to:  

 

 reduce leg FFM by 3·9 % and  

 attenuate the rise in 

postprandial MPS rates by 26 

%, independent of mTORc1 

signalling.  

 

Bed-rest and muscle disuse (Breen et al. 
2013) 



From: Two Weeks of Reduced Activity Decreases Leg Lean Mass and Induces “Anabolic Resistance” of Myofibrillar Protein 

Synthesis in Healthy Elderly 
J Clin Endocrinol Metab. 2013;98(6):2604-2612. doi:10.1210/jc.2013-1502 

J Clin Endocrinol Metab | Copyright © 2013 by The Endocrine Society 



Protein Intake in Older Individuals 

• Daily recommendations of 0.8 g.kg-

1.Bm.d-1 inadequate is too low to 

avoid sarcopenia 

 

• Need for higher protein per meal-at 

least 30g or 0.4 g.kg-1.BM.d-1 per meal 

 

• Challenge: age-related 

anorexia and satiating 

effects of protein 
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 This is what 30g 

protein looks like…… 



Protein is the most satiating 

macronutrient 
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Poppitt et al., 1998. Physiol Behav 64: 279-85. 



Total protein intake, protein intake per 

meal, or leucine intake 
30 

PS 

PB 

Older individuals have a higher leucine threshold and 

they would benefit from larger amounts of leucine either 

within a meal or as a protein/EAAs supplement 

(Katsanos et al., 2006, Bauer et al., 2015, Ispoglou et 

al., 2016, Phillips et al., 2016, Komar et al., 2015, Yang 

et al., 2012, Pennings et al., 2011, Verreijen et al., 

2015).  



Tieland et al (2015) 
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Older people do eat enough protein per meal-

especially at breakfast and lunch. Green line 

indicates recommendations (unpublished PhD 

data) 



 Nutritional interventions can have a significant impact on reducing rates of 

sarcopenia with protein and essential amino-acids crucial in maintaining 

muscle.  

 

 In older people, current protein recommendations are considered far 

below the actual requirements while those individuals have higher 

leucine threshold. 

 

 Therefore, specially formulated oral nutritional supplements may 

address energy and protein deficits 

 

 When considering the satiating effects of EAAs-based nutritional 

supplements enriched with leucine, no studies have examined the impact 

on appetite and concurrent mealtime intake nor the practical aspects of 

palatability 

 

 

 



Relevant Research Outputs 

Butterworth, M., Hind, K., Duckworth, L., Wilson, O. and Ispo
glou, T. Diet, functional performance and muscle quality of 
independent-living men and women aged 65-75 years. 
In: Joint Meeting of the American Physiological Society and 
The Physiological Society, July 29-31, 2016, Dublin. 



Pilot study (Ispoglou et al. 2016) 
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Leucine enriched modified 

EAAs mixture 



• We have shown the benefits of supplementing diets of 

older people with EAAs enriched with leucine.  

 

• One of the issues we faced was that participants 

managed only 75-85% of prescribed dosage.  
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Follow-up study (Ispoglou et al. 2017) 
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When considering the satiating effects of EAAs-based 

nutritional supplements enriched with leucine, no studies have 

examined the impact on appetite and concurrent mealtime intake 

nor the practical aspects of palatability 



Development of prototypes (Bar and gel) 
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Nutritional information per 100 g:  

 

-BAR: energy 1511 kJ, fat 8.2 g, 

carbohydrate 47.5 g, protein 25.4 g of which 

15 g was EAAs, fibre 2.8 g, salt 0.2 g.  

 

-GEL: energy 967 kJ, fat 0.0 g, 

carbohydrate 47.5 g, protein 15 g which was 

entirely due to the EAAs content, fibre 0.5 

g, salt 0.2 g.   





Our nutritional prototypes 

(GEL and BAR) are 

effective means to facilitate 

an increase in protein and 

energy intake when taken 

one hour before an ad lib 

breakfast meal. (Ispoglou 

et al. 2017) 



Our nutritional prototypes 

(GEL and BAR) are 

effective means to 

facilitate an increase in 

protein and energy intake 

when taken alongside an 

ad lib breakfast meal.  

Ispoglou et al (2017) 
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Our GEL is effective 

means to facilitate an 

increase in protein and 

energy intake when taken 

one hour before an ad lib 

breakfast meal.  

PhD Project (Unpublished data-in 

process of publication) 
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PhD Project (Unpublished data-in 

process of publication) 

The current gold standard 

(whey protein) enhances 

satiety and as a result 

people eat less 



 Challenges in older people 

 Key Points 

 

 Short term inactivity detrimental to muscle mass and function. 

Development of anabolic resistance 

 

 Current protein recommendations inadequate. Need at least 1.2 

g/kg/bm daily, more protein per meal, and more leucine! 

 

 Age-related anorexia. Dietary protein and protein supplements 

enhance satiety 

 

 Use of EAAs dietary supplements may be a necessity in certain 

groups 



Present and Future  

Our current and future research is primarily focused on strengthening evidence base of non-

pharmacological interventions on:  

 

• Health and wellbeing: Prevention of sarcopenia in healthy older individuals contributing to 

retention of lean tissue mass, prevention of osteoporosis and enhanced functional capacity. 

 

• Clinical settings: Treatment of sarcopenia in frail older individuals in chronic disease 

conditions such as respiratory, rheumatoid arthritis, diabetes, CHD and CF, liver and gastro-

intestinal disease, where increased protein requirements may be a result of enhanced 

requirements or malabsorption.  
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Current Projects  
1. Dr Karen Hind and Dr Theocharis Ispoglou (Mid Career Prize): “Effects of Exercise and a 

Leucine and Vitamin D-enriched Essential Amino Acid Supplement on Bone Health in Older 

Women: a Randomised Controlled Trial” 

2. Matthew Butterworth (PhD): “Exercise and nutritional based interventions to combat age-related 

sarcopenia” 

3. Kelsie Johnson (PhD): “Exercise and Nutritonal interventions to improve appetite regulation, body 

composition and muscle function in older men and women” 

4. Matthew Lees (PhD): “The effect of age and physical (in)activity on the anabolic resistance to 

essential amino acids and exercise in elderly populations” 

5. Panos Ferentinos (PhD): “Acute and Chronic effects of different exercise  

modalities in ageing population: The role of endothelial progenitor cells on endothelial function” 

6. Linsey King (PhD): “Clinical trial to investigate the effectiveness of the nutritional prototypes we 

developed in clinical settings, Bronchiectasis patients” 

7. Chelsea Moore (PhD): “Audit of Cardiac Rehab Programme in UK ; endothelial function, physical 

activity levels and dietary intakes” 

 



Staff Webpage: http://www.leedsbeckett.ac.uk/staff/dr-theocharis-ispoglou/   

LinkedIn: https://www.linkedin.com/in/theocharis-ispoglou-b7b71a2a/  

Twitter: @Theo_Ispoglou   
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