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Objectives 

• Describe the changes of aging relevant to exercise 
capacity, nutritional intake and disease risk 

• Define the effects of exercise and nutrition on aging, 
risk and expression of common chronic diseases and 
disability 

• Understand the recommendations for specific 
exercise and nutritional prescriptions throughout the 
lifespan 

 

 



104-year old 
Fauja Singh runs 

the Mumbai 
Marathon 

January 2016 



What makes this man age so well? 

Age 107 
Starter Birmingham 

marathon, 2018 



“All parts of the body which have a 
function, if used in moderation and 
exercised in labors to which each is 
accustomed, become thereby well-
developed and age slowly; but if 
unused and left idle, they become 

liable to disease, defective in growth 
and age quickly.” 

                        Hippocrates 



Physical activity and 
nutrition throughout the 

lifespan interact with genetic 
predisposition and ecological 

factors to ultimately 
influence the emergence and 

expression of chronic 
disease and frailty. 

 
Adaptations to adoption and 

maintenance of healthful 
lifestyle behaviours may 

beneficially modify health 
status and reduce mortality. 



The complex 
older adult 

• 84-yr old man, never married 

• Hospitality industry; chef 

• Former high alcohol intake 

• Complex medical history 

 

• Polio 

• Chronic atrial fibrillation 

• Surgical repair of bowel 
obstruction 

• 2 Strokes 

• Aortic valve replacement 

• Cardiac arrest,  Pacemaker 

• Prostate disease surgery 

• Bladder cancer 

• Inguinal and femoral hernias 

• Clinical depression 

• Osteoarthritis 

• Rotator cuff tendonitis 



Ray Moon 
World’s Oldest 

Competitive 
BodyBuilder, 84 

Training since age 76 

 4-Time Australian Over 70 Champion  



Body Fat at age 84 =11.8%  
10th  percentile for a 

 25 yr-old male 



Ray Moon at 84 has predicted leg press strength  
of 20.5 yr old male 



The “Typical” Life Course?? 

Physiological 
& Psychological 

Aging 

Poor 
Nutrition 

Inactivity 
& 

Disuse 

Chronic 
Disease 



How may physical activity/diet prevent and treat 
disease throughout the lifespan? 

• Optimize attainment of peak metabolic and physical 
fitness; body composition 

• Counteract age-related changes in physiology 

• Address risk factors for chronic disease 

• Affect underlying pathology of disease 

• Lessen syndromes of disuse/underuse 

• Contribute to better nutritional status 

• Optimize psychological profile 

• Attenuate adverse effects of drugs 



PA/Diet optimize attainment of physical and 
psychological well-being in childhood 

• Maternal and fetal health 

• Development of muscle and bone mass, 
prevention of excess adiposity 

• Neuromuscular development 

• Cardiorespiratory fitness 

• Metabolic fitness 

• Enhancement of self-esteem, self-efficacy, 
happiness, social integration 









What affects bone health? 

 Genetic predisposition (family history, Caucasian 
race, genotype) 

 Inadequate physical activity level 

 Loss of muscle mass and strength 

 Osteopenia from any cause 

 Vitamin D deficiency 

 Poor nutrition (energy, protein, calcium, vitamin K, 
other minerals and trace elements) 

 Smoking and excess alcohol 



Activity changes peak bone 
mass and likelihood of 

crossing fracture threshold in 
old age 

 



Osteoporosis originates 
during early childhood 

• Level of Bone Mass during Childhood and 
Adolescence Influences Fracture Risk  

• Peak Bone Mass Probably Most Important 
Population Factor 

• Peak Bone Mass Complete in early Twenties 

• 10% Increase Peak Bone Mass May Reduce 
Fracture Risk by 50% 

 

 



Proximal Femur Bone Mineral Content 
Varies by Vigorous Activity Quartiles 

even in 5-year-old Children 
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12% higher BMC 
in most ACTIVE   pre-
schoolers; determined 

via acclerometry 

From Janz et al., Pediatrics 2001;107:1387-93. 



Summary: PA/Diet and Bone Health during 
Childhood and Adolescence 

• Create a wide margin 
of safety 
by optimizing peak 
bone mass before age 
20 

• Use age-appropriate 
high impact activities 
beginning before 
puberty if possible 

• Combine with bone 
healthy diet (Calcium, 
protein, Vit D/K) 

 



Never too late…? 
• June 13, 2005 – Fauja Singh, a 94-year-young 

grandfather of 13, led a marathon relay team in 
the Edinburgh Marathon in Scotland, which was 
billed as the “oldest ever marathon relay team.” 
The five-man team named itself “Sikhs in the 
City” and had a combined age of 397 years. 

• At age 100, broke 8 world records in 1 day, 
becaome first 100 yr-old to run marathon 3 days 
later 

• Ran last marathon in 2016, nearly 104 yr of age 

• Still walking and running, turned 107 on April 1 
2018 

 

At age 99: BMD of 25-35 yr old male 



Disuse Atrophy 

Chronic Disease 

Physiological Aging 

Traditional Treatment 



Age-associated physiological changes related to 
disease risk potentially modifiable by diet/exercise:  

Increased adiposity centrally and viscerally 

Decreased muscle mass and function 

Decreased bone mass and strength 

Decreased CV function and aerobic capacity 

Arterial stiffness, endothelial dysfunction 

Slowed nerve conduction velocity and neuromuscular 
coordination, gait instability 

Neuronal loss and changes to CNS connectivity 

Systemic inflammation, immune dysfunction 

Loss of metabolic flexibility (homeostenosis) 

 

 







The more Gerry Bloch aged, the more he 
climbed and the more ambitious he 
became. 
 At age 68, Gerry set a world record as the 
oldest man to ever scale 3000 ft vertical 
face of El Capitan in California's 
Yosemite National Park. 
 
In 1999, at 81 years old, Gerry broke the 
record that he set 13 years prior by 
summiting El Capitan once again. 





80-yr old Master Athlete has aerobic 
fitness of a 37-yr old  

Genetic 
potential + 

lifestyle 

Rate of decline 
appears similar 
between active 

and sedentary in 
this cross-

sectional study 

Sedentary Living Reduces Peak Capacity and Results in Premature Aging 



Changes in Cardiovascular System 

with Age 

 Decreased maximal heart rate 

 Decreased cardiac responsiveness to B-adrenergic stimulation 

 Loss of myocytes, increased fibroblasts 

 Loss of pacemaker cells, calcification of the conduction system 

 Myocardial and septal hypertrophy 

 Decreased maximal cardiac output 

 Impaired diastolic filling (stiffer ventricle) 

 Calcification of valve leaflets and mitral annulus 

 Decreased heart rate variability (decreased parasympathetic 
control) 

 

Heart 



 Decreased endothelial cell reactivity 
(relaxation) 

 Decreased arterial distensibility(decreased 
elastin:collagen ratio) 

 Dilation of aorta and central arteries 

 Thickening of smooth muscle layer in 
vasculature (lipid, collagen, mineral deposits) 

 Increased systolic BP, widened pulse pressure 

 Impaired baroreceptor function 
(parasympathetic control) 

Changes in Cardiovascular System 

with Aging 
Vasculature 



Hemodynamic consequences of 
cardiovascular changes of aging 

• No change in cardiac output at rest: resting LV ejection 
fraction preserved via increased end diastolic volume 
and thereby stroke volume 

• Prolonged contraction duration and relaxation phases; 
decreased early diastolic filling due to stiffness 

• No change in resting heart rate 

• Decreased maximal heart rate 

• Orthostatic hypotension 

• Arterial stiffness, hypertension 



Effects of cardiovascular changes on 
overall exercise performance 

 Decreased maximal aerobic work capacity 
(up to 50%) 

 Increased cardiovascular response (HR x 
systolic BP) to sub-maximal workload 

 Lower anaerobic threshold (fatigue and 
dyspnea at lower workload) 

 



Effects of training on age-related changes 
in cardiovascular function 

• Increased early diastolic filling 

• Improved myocardial relaxation 

• Decreased peripheral vascular resistance 

• Decreased arterial stiffness, blood pressure 

• Improved baroreceptor function, heart rate variability, 
orthostatic changes 

• Increased peripheral oxygen utilization 

• Increased sub-maximal and maximal aerobic capacity, 
anaerobic threshold 

   



Longitudinal studies show influence of training dose 
on rate of aerobic capacity decline with age in 

master athletes 

Booth, 2011 

Use it or 
lose it 



Age-related changes in exercise 
capacity do not preclude exercise 

participation. 
 
 
 

They indicate the need for optimal 
physical activity/dietary patterns 
throughout life to age well and 

decrease disease risk. 



 Can exercise really prevent age-related 
diseases? 



Physical activity and risk of chronic 
disease with age 



Exercise and the Prevention of Chronic 
Disease 

• Primary and secondary prevention trials strongly support 
epidemiological data on the protective effect of exercise for 
major non-communicable chronic diseases, including CHD, 
obesity, stroke, dementia, depression and type 2 diabetes 

• Exercise dose, intensity, and modality influence the risk 
reduction for CHD and other diseases 

• Weight lifting exercise as well as aerobic exercise reduce the 
risk of type 2 diabetes, CHD and mortality 

• More data needed on dose-response and modality effects in 
other chronic diseases and across sub-groups 





Chronic Diseases in which Exercise has 
a Therapeutic Effect 

• Obesity 

• Diabetes 

• Coronary heart disease 

• Hypertension 

• Chronic heart failure 

• Depression 

• Osteoporosis 

• Parkinson’s disease 

 

• Chronic lung disease 

• Stroke 

• Peripheral vascular disease 

• Chronic renal failure 

• Arthritis 

• Neuromuscular diseases, 
wasting disorders, frailty 

• Cancer 

• Dementia  

 

 



Diseases with nutritional 
contributions to etiology and 

progression 
 • Cardiovascular disease 

• Obesity 

• Metabolic syndrome, diabetes 

• Sleep apnea 

• Hypertension 

• Hyperlipidemia 

• Depression 

• Osteoporosis 

• Sarcopenia 

 

• Cognitive decline, dementia 

• Frailty 

• Osteoarthritis 

• Renal failure 

• Fatty liver disease 

• Pancreatitis 

• Cirrhosis 

• Cancer 

• Macular degeneration 

 



The complex co-morbidity 
 of obesity: primary target of healthy lifestyles 





JAMA. 2017;317(9):912-924. 

NHANES 

47% of 

cardiometabolic 

mortality 

attributable to diet 



young 

old 
middle-

aged 

all 



Whats wrong with the usual treatment 

paradigm for type 2 DM? 



Obesity and 

sarcopenia are 

central to insulin 

resistance and 

glucose 

homeostasis in 

Metabolic 

Syndrome and  

Type 2 diabetes 



• Search 1980-2011 

• 47 RCTs 

• 8538 patients with 

Type 2 diabetes 

• >12 week duration 

• HbA1c outcome 

• Structured Exercise or 

Advice to exercise +/-

diet 



-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

Aerobic

Resistance

Combined

Lifestyle advice

Activity Advice

Weighted
mean diff
(%)

Effect of adding 

second oral 

agent to 

metformin: 

-0.67% HbA1c 

Change in HbA1c after Structured Exercise 

or Lifestyle or Activity Advice 



Intradialytic exercise for Type 2 Diabetes 

and End Stage Renal Disease 

PEAK Study, Cheema et al 



Depression will be second leading cause of global burden of 
disease by 2020, affecting 350 million people 

World Health Organization, 2012 

Worldwide, depression affects the overall state 
of health 

 more negatively than any other major chronic 
disease. 

 
World Health Organization, 2007 

245,404 individuals interviewed  in 60 countries 



The mortality rate in depression is about 4% 
 …which is equivalent to that of smoking 

 
National Institute for Health and Care Excellence (NICE), 2013 



ES= .987 

Exercise effect  
size (ES) in 

depression is 2-3 
fold larger than 

medications 



Effect size of 
exercise vs. 

other  
standard 

treatments for 
depression 

General Hospital Psychiatry 49 (2017) A1–A5 



Blumenthal, 1999; Singh 2005 



Relapse prevention via aerobic exercise/drugs  

Blumenthal, 1999 

4 mo Rx 
10 mo f/u 



Conclusions 
• Exercise as a treatment for depression can be recommended as a stand-

alone treatment and/or as an adjunct to antidepressant medication in 
resistant depression. 

• PRT or combined exercise has larger ES than aerobic exercise; efficacy 
increases with intensity and adherence. 

• Efficacy (ES) is superior to CBT, counseling and antidepressants for 
treatment of major depression. 

• Exercise attenuates relapse rates, although benefits are reduced after 
cessation of intervention. 

• Practical clinical studies (effectiveness studies) are required to establish 
the effect and feasibility of longterm, unsupervised exercise for 
depression in a “real-life” clinical setting. 



Improved muscle size and strength, bone density, aerobic capacity 

Improved gait and balance, mobility 

Improved functional independence 

Improved depression, morale, insomnia, quality of life, cognitive function 

Cardiac, pulmonary, renal , orthopedic rehabilitation 

Treatment of type 2 diabetes mellitus 

Treatment of wasting conditions 

Improved insulin resistance, visceral obesity, hypertension, systemic 
inflammation 

Prevention of type 2 diabetes (with diet/aerobic ex) 

Prevention of metabolic syndrome, T2D, cardiovascular disease* 

Benefits of Resistance Training: the 
Evidence Base 

*epidemiological data 

72 yo psychiatrist 



Women’s Health 
Study 
 
28,879 women 
 
96 mo f/u 
 
21% engaged in 
strength training 



• 25-29% reduction in all-cause and CVD 
mortality with either aerobic or strength training 

• 46% reduction in all cause; 57% reduction in 
CVD mortality with both modalities 

• No effect on Cancer mortality 
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What is the Mediterranean Diet? 
 
 



The Mediterranean Diet Pyramid  
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•The strongest scientific 
evidence we have for 

any healthy eating 
pattern exists for the 
Mediterranean diet 

•The Mediterranean diet 
was recently 

acknowledged by 
UNESCO as an 

‘Intangible Cultural 
Heritage’ of Humanity  

 

 



10 Characteristics of the Mediterranean 
Cuisine 

High consumption of extra virgin olive oil (EVOO) 
High consumption of vegetables 
High consumption of legumes 
High consumption of grains 
High consumption of fruits and nuts 
Moderate consumption of dairy products, mostly as yoghurt & 
some white cheese 
Moderate consumption of fish 
Moderate wine consumption, if socially acceptable 
Low consumption of meat/meat products, dairy and eggs 
Low consumption of discretionary foods 



EVOO 
 
• Mono-unsaturated 

fat 
• Polyphenol content 

decreases 
inflammation and is 
thought to underlie 
the many health 
benefits of EVOO 

 



• High levels of MUFA 
• High levels of antioxidants  
• Polyphenols (100-2500 

mg/kg) 
• Tocopherols (70% are 

alpha) 
• Other healthy phytonutrients 
• Phytosterols 
• Squalene (up to 12 g/kg) 

Why is EVOO So Good For You? 



 
•Olive oil is more than just oleic acid.  Otherwise canola oil or other MUFA oils might 
work as well. 

 
•Polyphenols in olive oil are thought to be responsible for the health benefits of EVOO. 

 
•The peppery taste is due to oleocanthal, which inhibits COX2 enzymes that cause 
inflammation. 

 
•The free fatty acids (which is an indicator of the quality of the olives and how quickly 
and carefully the olives were turned into oil), and polyphenol level (which is a good 
indicator of how bitter and peppery the oil is) have been found to vary not only according 
to brand but varietal of olive. 

 
•The antioxidant power of the phenolic compounds present in extra-virgin olive oil 
synergize with the vitamin E to keep it fresher for longer than other oils and fats, with no 
added antioxidants needed.  

Virruso C, Accardi G, Colonna-Romano G, Candore G, 

Vasto S, Caruso C. Nutraceutical properties of extra-virgin 

olive oil: a natural remedy for age-related disease? 

Rejuvenation Res. 2014;17:217-20 



Loss of Polyphenols in EVOO Over Time 



Herbs boost antioxidant 

content of Med Diet 



Using diet and exercise to target diseases and 
aging syndromes for which we have no effective 

pharmacotherapy 



Dementia 
The number of people living with dementia worldwide is currently 
estimated at 47.5 million and is projected to increase to 75.6 
million by 2030.  

Mild Cognitive Impairment is present in about 10% of people over 
65, and increases the risk of dementia markedly. 

More research is needed to develop treatments and to better 
understand the causes of dementia. 

 Research that targets the modifiable risk factors of dementia is 
still scarce.  

Lifestyle interventions are promising, but optimum strategies are 
not yet known. 

 



Drug candidates in clinical trials for 
Alzheimer’s disease 

 • Despite decades of study efforts to develop therapies, there is no 
effective therapy available to cure AD or significantly inhibits the 
progression of AD symptoms. 

• Since 2003, no new drugs have been approved for the treatment of 
AD. More than 400 negative drug trials. 

• It is currently estimated that 48 million people worldwide have 
dementia with an estimated global cost of dementia care of US$818 
billion in 2015, an increase of 35% since 2010. 

• In the absence of effective therapies, the estimated number of people 
with dementia will reach 115 to 131.5 million by 2050 

Hung and Fu Journal of Biomedical Science (2017) 24:47 

 

 

 



JAMA Intern Med. 

2015;175:1094-103. 



PREDIMED 

Mediterranea

n Diet + 

EVOO or 

Nuts 

improved 

Cognition 

JAMA Intern Med. 

2015;175:1094-103. 



Isolated PRT superior to 

combined PRT and 

Cognitive Training for 

Executive and Global 

Cognitive Function over 

18 mo in MCI 





n=1636 

Age 70-89 

2.6 y f/u  

28% 

reduction 





Global Prevalence Rates of Low Activity 
(< 150 min/wk aerobic) 







Optimizing outcomes of exercise/diet for 
disease management 

 

• Understand the evidence base 

• Evaluate potential benefits and risks 

• Identify goals and barriers 

• Monitor adherence 

• Provide tailored and timely feedback 

• Reward behaviour 

• Be a role model 
 



General Practitioner Dr. Jeffry Life  

takes control of his.... 



Behavioural drivers for healthy lifestyles change 
across the lifespan and differ between individuals 

• Ability 

• Access 

• Attitude 



How to incorporate exercise/diet 
prescriptions into health care for older 

adults 
• Know when they can be used as alternative vs. adjunctive 

treatment 

• Prescribe specifically 

• Incorporate into standard health care settings 

• Utilize evidence-based programs 

• Provide behavioural support tools 

• Record adherence and adaptations 



Exercise and a 
healthy diet offer 
the best chance to 

maintain 
independence and 
function with age  



Frailty is not inevitable or untreatable. 
 
 Rather than being a barrier to robust exercise 

and shared, nutritional meals, it is one of the 
most important indications for their 
promotion by health care providers. 



The mission of 
medicine is the 

assertion and the 
assurance of the 
human potential. 

 
Walter Bortz, MD 

 

 



THANK YOU 

To your health 


