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Objectives

ÅDefine healthy aging

ÅOutline the biology of aging

ÅReview clinical manifestations of aging

ÅEstimating/measuring age and longevity

ÅReview evidence-based interventions to support 
healthy aging
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The Difference Between Living Longer 
and Living Well
Understanding Lifespan
Lifespan is the total years a person lives, regardless of health or quality 
during those years.

Defining Healthspan
Healthspan is the portion of life spent in good health, free from chronic 
disease or frailty.

Lifespan vs Healthspan  Gap
Many people live longer but experience a gap of declining health and 
reduced quality of life.

Goal of Longevity Health
The focus is on extending healthspan to match lifespan, improving life 
quality in later years.
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Chronological Age vs 
Biological Age

ÅChronological Age:

ÅMeasured by calendar years since birth
ÅDoes not account for individual health status
ÅCommonly used in demographics and legal contexts

ÅBiological Age:

ÅReflects physiological and functional status
ÅInfluenced by genetics, lifestyle, and environment
ÅCan be estimated using biomarkers and aging clocks

5



Biological 
Mechanisms of 

Aging
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Physiological Decline with Aging

Muscle Mass & Strength

Cardiorespiratory Fitness

Balance & Mobility

Bone Density

Metabolic Flexibility

Progressive functional decline driven by sarcopenia, deconditioning, 
neuromuscular and metabolic changes

Neuromotor Speed
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Aging and Bone Loss



Figure 1 Grip strength across the lifecourse

Dennison, E. M. et al. (2017) Epidemiology of sarcopenia and insight into possible therapeutic targets
Nat. Rev. Rheumatol. doi:10.1038/nrrheum.2017.60

This figure has been adapted from Dodds et al.12, which is published
under an open-access licence https://creativecommons. org/licenses/by/4.0/

Loss of Muscle Mass with Aging
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Decline in Human Performance with Aging
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Cognitive Decline with Aging



Biological and Physical Drivers 
of Mental Health in Aging

Brain Aging and Mental Health
Aging decreases neuroplasticity and increases neuroinflammation, 
affecting mood and cognition.

Vascular and Cognitive Health
Cerebrovascular disease links to cognitive impairment and 
depression through vascular health deterioration.

Physical Health Impact
Chronic illnesses and mobility issues increase stress and reduce 
independence in aging individuals.

Protective Role of Fitness
Cardiorespiratory fitness and muscle strength improve blood flow, 
sleep, and resilience to stress.



Psychosocial and Environmental Drivers of Mental 
Health in Aging

Psychological Adaptation
Emotional regulation and coping 
strategies help older adults manage stress 
and reduce anxiety during aging.

Social Connection Benefits
Meaningful relationships and strong 
support networks protect against 
loneliness and cognitive decline in older 
adults.

Environmental and Care Factors
Access to quality healthcare and 
supportive environments enables 
autonomy and well-being in aging 
populations.



Á Accounts for 80% 
of deaths in older 
adult nonsmokers

Á Develop slowly and 
silently over 
decades

Á Detecting and 
modifying risk as 
early as possible is 
key

The Four Horsemen 
of Longevity
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Int. J. Mol. Sci. 2022, 23(17), 9777; https://doi.org/10.3390/ijms23179777

Figure 1. Overview of shared risk factors between dementia and atherosclerotic cardiovascular disease, discussed in this 

review. LDL, low-density lipoprotein; HDL, high-density lipoprotein; NAFLD, non-alcoholic fatty liver disease. The associations for some 
risk factors differ between Alzheimerôs disease and non-Alzheimer dementia, specifically, body mass index, triglycerides, HDL 

cholesterol, NAFLD, the gut microbiome, smoking, and genetics (these are marked by *).

Increasing Risk 
of CVD and 
Dementia with 
Aging



Increased Risk of Metabolic Disorders with Age
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Increased Cancer 
Risk with Aging

Á Accumulation of DNA damage and 
mutations

Á Declining immune surveillance

Á Cellular senescence & chronic 
inflammation

Á Longer exposure to carcinogens

ÁMetabolic dysfunction as an 
accelerant
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Measuring Longevity
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Imaging biomarkers of ageing: a 
review of artificial intelligence -based 
approaches for age estimation
The Lancet Healthy Longevity, 2025; 6

AI-Based Imaging 
Biomarkers of 

Aging
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Physiological and 
Functional Markers of Aging
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Role of the Gut Microbiome in Healthspan and Aging

ÅMicrobiome's Role in Aging
ÅRegulate metabolism, immunity, and inflammation, 

influencing aging process and healthspan

ÅChanges in Microbial Diversity
ÅMicrobial diversity decreases with age, chronic disease, 

and medication, associating with inflammation and age-
related conditions

ÅMicrobiome Measurements
ÅDiversity, beneficial bacteria, metabolic activity, and 

pathogens

ÅMicrobiome Testing and Healthspan
ÅMicrobiome analysis aids personalized interventions, 

supporting healthspan but not proven to extend lifespan 
directly




