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• Aging trends
• Definitions of aging
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• Closing thoughts

Outline



Hamburg – Dec 2016

• Evolution of nutrition to address shifting public health challenges

• Social and economic factors that have contributed to an “overfed but undernourished” 
population

• Systems approaches and use of ‘big data’ in health promotion research

• Role of dietary/food supplements and phytonutrients in longevity and health promotion

• Aspects of ‘optimal nutrition’: definitions, key biomarkers, personalization and healthy 
aging
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Nutritional goal: Nutrient “sufficiency” or “adequacy” “Optimal” nutrition



Optimal nutrition: Biological → Ecological
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Healthy aging: Key questions

• What is aging?
• Cellular/molecular

• Physiologic

• Functional

• Disease states

• What is ‘healthy aging’?

• How do we assess ‘healthy’ or ‘successful’ aging?

• Which approach(s) is/are most effective?

• What is the role of nutrition and diet?

Definition of turn (or put) back the clock: 
“Return to the past or to a previous way of doing things”
-Oxford English dictionary



Life expectancy trends



The world is rapidly aging

Source: World Population Aging 2013  report, United Nations



The Silver Wave: Understanding the Aging Consumer. The Fung Group, 2016.



Organisation for Economic Co-operation and Development. OECD.org

Age-related changes in healthcare costs



What is aging?

The act or process of becoming old or older. Learner’s Dictionary

Time

“…a decline or loss (a “de-tuning”) of adaptation with 
increasing age, caused by a time-progressive decline of 
Hamilton’s forces of natural selection…” Rose MR, et al. Frontiers in 
Genetics 2012(3);134



Aging is multifaceted
Molecular
• Telomere length, DNA instability, epigenetic 

alterations

Cellular
• Deregulated signaling, mitochondrial dysfunction, 

senescence

Physiologic
• Inflammation, insulin sensitivity

Functional
• Sensory, balance, strength, cognitive, cardiovascular

Chronic disease
• Heart disease, Alzheimer’s, diabetes, cancer, 

osteoporosis



Lopez-Otin C, et al. Cell. 2013 June 6; 153(6): 1194–1217.

Molecular & cellular aspects of aging



Molecular aging: Telomeres 

• Telomeres determine lifespan of cells

• Telomere length inversely related to age

Source: http://www.antiagingforme.org

Bar, F1000Res. 2016 Jan 20;5. pii: F1000 Faculty Rev-89



A decline in mitochondrial 
function contributes to 
aspects of the aging 
process, including cellular 
senescence, chronic 
inflammation and the age-
dependent decline in stem 
cell activity.

Sun N, et al. Mol Cell. 2016; 61(5): 654–666.

Cellular aging



Aging & inflammation

Shaw AC, et al. Nat Rev Immunol. 2013 Dec; 13(12): 875–887.

• Aging is associated with chronic inflammation
• This adversely affects many cells and organ systems in the 

body; physiologic function is compromised
• Increased risk for chronic disease, such as cancer

Zinger Aging Dis. 2017 Oct; 8(5): 611–627



“Pathological” aging

• Cellular aging and inflammation 
lead to adverse changes in four 
key domains:

• Body composition

• Energy metabolism

• Homeostasis

• Neuronal function

• These in turn lead to reduced 
function, unstable health and 
chronic disease

From Luigi Ferrucci, 
National Institute on 
Aging, National 
Institutes of Health, 
ILSI North America 
and Gerontological 
Society of America 
Annual Meeting, 
Washington, DC, 
USA, November, 
2014



Aging & sensory changes

• Functional changes include sensory areas sight, smell, taste, hearing

• These changes have longer-term consequences on aspects of health and 
quality of life 

Wysokinski A, et al. Age (2015) 37: 81Kauppinen A, et al. Cell Mol Life Sci. 2016;73(9):1765-86.



• Clear and demonstrable decline in 
physical function due to 
combination of loss of muscle mass 
and declining muscle quality

• Effort and energy need to perform 
given tasks increases drastically

Aging & physical decline

Ziaaldini et al. Front Med. 2017 Oct 4;4:167



Aging & cognitive decline

• Speed of processing, short & long-term memory decline with age

• ‘World knowledge’ tends to increase and level off, but not decline

Rocca WA et al. Alzheimer Dement. 2011;7(1):80-93.Reiner, PB. Racing to restoring cognitive function. Blog post, Sept 9, 2013.



Freid et al. NCHS Data Brief, No. 100, July 2012, US Centers for Disease Control & Prevention

Aging & prevalence of chronic disease



Aging and the microbiome across the lifespan

• Rapid decrease in microbiome diversity 
with age

Kumar M, et al. Nutr Healthy Aging. 2016; 4(1): 3–16Dinan, J Physiol 595.2 (2017) 489–503



Is aging only about 
“the aged”?

• Chronological
• What is “old”? 55? 75? 85?

• Developmental
• Continuous process that starts at conception, birth 

• Programmed
• Number of times a cell can divide is predetermined

• Starts at the onset of decline
• Physical, sensory, metabolic, cognitive, social

• Starts when “damage” has accumulated to a 
certain point

• Oxidative stress



Healthy aging: 
Beyond absence of disability & disease

• Involving freedom from disability along with 
high cognitive, physical and social functioning 
Rowe JW, Kahn RL. Science. 1987, 10;237(4811):143-9.

• The development and maintenance of optimal 
physical, mental, and social well-being and 
function in older adults Lang JE, et al. Prev Chronic Dis. 
2006;3(1):A17.

• A lifelong process of optimizing opportunities 
for improving and preserving health and 
physical, social and mental wellness, 
independence, quality of life and enhancing 
successful life-course transitions. Health Canada, 
Workshop on Healthy Aging November, 2001.



Rowe JW, Kahn RL. Gerontologist. 1997; 37(4):433-40.

“Successful” aging



Cai L, et al. Frontiers in Aging Neuroscience 2014; 6(31): 1 – 12. 

• The trajectory of function and 
health over time can be 
modified

• Successful aging is associated 
with a more positive 
trajectory

• What approaches or 
interventions can influence 
this?

Mapping successful aging



Healthy aging index

• Higher score of successful aging associated with less 
use of healthcare services 95%CI: [-0.79 (-1.2 to 10.4)]

• N = 2663 elderly, 65 – 100yrs
Tyrovolas et al. Exp Gerontol. 2014;60:57-63

Education # cardiovascular disease 
risk factors

Financial status Depression

Participation in social 
activities

Adherence to 
Mediterranean diet

# yearly excursions Frequency of physical 
activity

BMI

10-point index of successful aging
Ranging from score of 0 to 10 
based on following attributes:



Predictors of successful aging

“Strong” predictors
• Age (young-old)
• Nonsmoking
• Absence of disability, arthritis, and diabetes. 
“Moderate” predictors
• Greater physical activity
• More social contacts
• Better self-rated health
• Absence of depression and cognitive 

impairment
• Fewer medical conditions 
“Limited”
• Gender, income, education, and marital status

• Literature review of studies examining successful aging in adults > 60 yrs 
• N = 28 studies

Svantesson J Clin Med Res. 2015 Aug; 7(8): 585–593

Depp CA and Jeste DV. Am J Geriatr Psychiatry. 2006;14(1):6-20.



Successful
Aging

GeneticPhysiological
(disease & 

impairment)

Psychological 
(emotional 

vitality)

Sociological 
(engaging 
with life & 
spirituality

?Diet?

Successful aging: Objective 
& Subjective criteria

Objective:
• Absence of disease & disability
• Cognitive function
Subjective
• Active engagement with life
• Growth, adaptation, resilience
• Life satisfaction
• Self-reported healthy aging
• Independent living

Jeste DV, et al. World Psychiatry. 2010;9(2):78-84.

Easier to measure More challenging
to measure



Biomarkers of healthy aging

• NMR metabolomics serum profiling of amino acids and lipid species

• Suggest better counteractive antioxidant capacity and membrane 
lipid remodeling, and phospho/sphingolipids as potential 
biomarkers and modulators of healthy aging

Montoliu I, et al. Aging. 2014 Jan; 6(1): 9–25. Olivieri, et al. Mech Ageing Dev. 2017 Jul; 165(Pt B): 162–170

The level and profile of miRNAs may be a 
predictor of aging trajectory (healthy vs. 
pathological)



Role of diet?

• Caloric restriction clearly impacts longevity

• Other dietary/nutritional interventions?

• Other aspects of ‘healthy’ or ‘successful’ aging? Mico V, et al. Int J Mol Sci. 2017 Apr 26;18(5). 



Summary

• The world’s population is rapidly aging with a majority being over age 
60 by 2050, leading to rapidly rising rates of chronic disease and 
healthcare costs

• Aging is a complex process characterized by changes from the 
molecular level to the functional level that have health consequences

• Healthy (or Successful or Graceful) aging incorporates both objective 
and subjective measures of health status and quality of life

• An urgent need exists to identify dietary interventions that can help 
facilitate healthy aging





Thank You!
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