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Objectives

ADefine healthy aging

AOutline the biology of aging

AReview clinical manifestations of aging
A Estimating/measuring age and longevity

AReview evidencebased interventions to suppor
healthy aging




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 extendindhealthspan to match lifespan, improving life
quality in later years.



Chronological Age vs
Biological Age

A Chronological Age:

A Measured by calendar years since birth
A Does not account for individual health status
A Commonly used in demographics and legal contexts

A Biological Age:

A Reflects physiological and functional status
A Influenced by genetics, lifestyle, and environment
A Can be estimated using biomarkers and aging clocks



Biological
Mechanisms of
Aging
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Physiological Decline with Aging
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Aging and Bone Loss

Peak bone mass Decreasing bone

1500 mass with age
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Table 1. Common Risk
Factors for Osteoporosis

Nonmodifiable Modifiable

Oider age Low levels of calcium and vitamin D

Female gender Reduced intake of vegetables and fruits

Menopause Increased intake of caffeine,
sodium, or protein

Family history Sedentary lifestyle

Small frame or Smoking

low body weight

History of broken Increased use of aicohol

bones or height loss

Source: Reference 4.



Loss of Muscle Mass with Aging

Figure 1 Grip strength across the lifecourse
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Nature Reviews | Rheumatology

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/

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

Fig 3. Impacts of sarcopenia

Breathing problems

Depression

Muscle loss can cause breathing difficulties
or worsen existing problems, such as
chronic obstructive pulmonary disease

Increase in
sarcopenic obesity
Decreased metabolic rate, reduced |

muscle mass, increased fat

Insulin resistance
Due to low muscle mass and
increased fat

Increased risk of
infection
Due to low muscle mass

Adapted from: Holdoway and Ashworth (2021)

People in failing health are more
prone to depression

Heart problems
Sarcopenia can affect the heart (a muscle),
causing and worsening heart failure

Increased mortality
Due to loss of muscle mass

Increased risk of
pressure ulcers
Due to low muscle mass

Reduced mobility and
increased risk of falls
Loss of muscle mass reduces strength and
increases the risk of falls and fractures




Decline in Human Performance with Aging

Age 25 35 45 55 65 75 85

According to studies with normative data by
age group, endurance and balance decline
most rapidly with aging, followed by power,
cardio fitness and maximum strength,

Souves: Doous, Syocad of o 2074, Land, Calvary of o' 2020, Marsagas
Mard ot of 2078 Francs, Lyors st of 2077, Miched, WWams of &) 2072
Koy Torstva af of 20716, Selie Kodw of of 2016, USN PRT Stasdharcts 2021,
Pasoo, Stuer? of of 2020, Hoftman, Cafly of o 2019

Compaatve refrences: Kaminsit, Aveng o a' 2076, Jackson, 5w of o
2008, Speingec Mwin of W 2007

W ¢ whyiexercise.com

Balance and muscle endurance decline with aging more rapidly than
maximum strength and cardio fithess.



Reasons for Sleep Disturbances in
Older Adults

Physiological Changes
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Figure 2: Factors of sleep deprivation in older adults: Sleep disturbances in older adults can arise
from physiological changes, and medical conditions. Additionally, lifestyle choices, including
inactivity or poor sleep hygiene, and factors like age-related cognitive decline can further impact
their sleep quality.




Cognitive Decline with Aging

Cognition and Age

Early childhood

« Cognitive abilities develop
rapidly

« Language, memory, and
problem-éolving skills
improve quickly

Adolescence and young

Middle Adulthood Late adulthood
adulthood (Mid 30s to 60s) (60s or beyond)
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Cognitive functions such as

« Cognitive functions decline,
siibtle dachifies including short-term memory,

processing speed, working in processing attention, and executive functions
memory, and executive speed and - : .
functions reach their peak memory begin » Emotional regulation and certain

aspects of long-term memory can
remain stable or improve as we age

Complex 1 6 Learning &
Attention Memory
enr 2 Q{D Social
e 5 Cognition
Executive 3 Perceptual -
Function Motor




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 Fithess

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
Ioorllel{lness and cognitive decline in older
adults.

Environmental and Care Factors

Access to quality healthcare and

su?portlve environments enables
autonomy and wellbeing in aging
populations.
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Metabolic Disease

@ Insulin resistance
@ Type-2 dlabotes
& Faity liver disease

The Four Horsemen
of Longevity

A Accounts for 80%
of deaths in older
adult nonsmokers

Develop slowly and
silently over
decades

Detecting and
modifying risk as
early as possible is
key



Risk factors for atherosclerotic cardiovascular disease and dementia
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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
ri sk factors differ bet weAzimimérdanenta, spexifically, body nass ader, triglyneddes) DL

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

Int. J. Mol. Sci. 2022, 23(17), 9777; https://doi.org/10.3390/ijms23179777
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Increased Risk of Metabolic Disorders with Age

Metabolic Syndrome : Casual Factors, Diagnosis and associated diseases
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Hyperinsulinemia t
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Increased Cancer
Risk with Aging

p>X

Accumulation of DNA damage and
mutations

A Declining immune surveillance

A Cellular senescence & chronic
inflammation

A Longer exposure to carcinogens

p>

Metabolic dysfunction as an
accelerant

INCREASING CANCER RISK

25
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15

10

% U.S. CANCER CASES IN ADULTS AGE >30
ATTRIBUTABLE TO SELECTED FACTORS

Tobacco Excess Alcohol
smoking body weight

Research has identified numerous factors that
increase an individual’s risk for developing cancer.
By modifying behavior, individuals can eliminate
or reduce many of these risks and thereby reduce

Data from (46). Figure adapted from (15)

Ultraviolet Poor diet Infections Physical
radiation inactivity

their risk of cancer. Developing and implementing
additional public education and policy initiatives
could help further reduce the burden of cancers
related to preventable cancer risk factors.

American Association for Cancer Research (AACR) Cancer Progress Report 2019
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Measuring Longevity

Biomarkers of aging

Blood-based

Fasting insulin A
Insulin-like growth factor 1
Hemoglobin Alc

Interleukin-6

Tumor necrosis factor o receptor Il
High sensitivity c-reactive protein
N-terminal B-type natriuretic peptide
Growth differentiating factor 15
Cystatin C

Neurological

Mini-mental state exam
Hearing test

E e //y, >

Physiological

Gait speed

Grip strength

Pulse wave velocity
Heart rate variability
Blood pressure

Al-driven age prediction

e DNA methylation
. - Blood biochemistry
Transcriptomics
Metabolomics
Proteomics
Microbiome
Facial photographs

Biomarkers of aging
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Al Approaches to Age Estimation

Methods for Predicting Biological Age and Healthspan

" Proteomic P Imaging
Clocks

* MRI, Retinal,
& CT Scans

Q&N ApoB & Insulin Resistance

w Inflammatory (hs CRP)

Cognitive Age
o (S
&b Microbiome Age

» Epigenetics == Proteins & Metabolites = Imaging Data - Clinical & Multi-Omics = Biological Age Estimate




Longevity Health Blood Biomarkers

Laboratory Test Categories & Key Tests

G Lipids & Apolipoproteins . Metabolic & Glucose ‘ Inflammation & Oxidation

o Total Cholesterol, LDL-C : o HbA1c e hs-CRP
e HDL-C e Glucose '

* Lp-PLA, Activity
» Triglycerides , » Insulin » OXPL-apoB

* ApoB « HOMA-IR

* Lp(a)

* Small LDL-P

e HDL Map

@. Fatty Acid Balance @ Cardiac & Kidney

» Omega-3 Index “ :  NT-proBNP C\v‘ ;‘
o Omega-6/0mege-3 Ratio 1) | o Cystatin C :
o EPA & DHA ‘ » eGFR & BUN

€) Thyroid Function ﬁ Iron & CBC @f Specialty Tests

o Testosterone e TSH ¢ Ferritin « Cystatin C; eGFR
e Estradiol ( e Free T4 » Hemoglobin _ ﬁ e BUN; eGFR
« Cortisol ; e Free T3 * RDW

o IGF-1 e WBC & Differentlal

Advanced blood testing to assess cardiovascular, metabolic, hormonal, and micronutrient health.




Comprehensive Longevity Assessment
Key Tests and What They Measure

P Cardiovascular Health Metabolic & Body Composition E{ Genetic Risk

» EKG Heart Rhythm « DEXA Bone Density E » Whole Genome Sequencing i<}
» ABI PAD Screening s * DEXA FIT * Polygenic Risk Scores M al

CT CAC Score Coronary Plaque ()L i\ » Body Composition / Visceral Fat “ DM, CAD, Alzheimer's

Echocardiogram
Structure & Function

VO, Max Testing Cardiopulmonary Fitness “ Respira tory / Sleep
Carotid Llltrasound Vascular Assessment -

* Pulmonary Function Tests :
¢ Lung Capacity & Airway \ﬁ. g

<))ﬁ Sensory Health

» Audiometry Hearing Assessment /u\ 9. Oncology / Early Detection

» Vision Testing Eye & Vision Evaluation ‘
» Chest X-Ray Thoracic Imaging '—' o Galleri Multi-Cancer Screening Test u
~ e » Mammogram Breast Cancer m :
e ° (" Liver FibraScan BT screenmg #N7 ko

» Cologuard Stool DNA CRC Screenmg

* Microbiome Analysns Digestive Health =

Together, these assessments identify early disease risk, functional decline, and modfiable drivers of aging—
before symptoms appear.




Combined [**F]JFDG-PET and MRI brain age
estimation provides complementary
information, correlating with cognitive
scores and showing associations with
amyloid and tau pathology.

Multimodal age estimation using 3D facial
stereophotogrammetry, retinal fundus images,
and tongue photographs improves risk
prediction for various chronic diseases,

offering a comprehensive approach to
biological age assessment.

Histology-based brain age estimation
using machine learning techniques can
serve as biomarkers for cognitive
impairment and neuropathological
features,

Radiograph-based chest age estimation
correlates with cardiovascular prognosis,

heart failure outcomes, and all-cause mortality.
Radiograph-based chest age estimation is
associated with various conditions including

COPD, interstitial lung disease, and liver cirrhosis.

MRI-based abdominal age estimation from
liver and pancreatic images provides
organ-specific ageing biomarkers, and shows
correlation with clinical phenotypes, diseases,
and genetic factors.

MRI-based bone age estimation,

particularly from knee images, offers

accurate assessment of skeletal maturity
without radiation exposure, which is
important for evaluating developmental
status in paediatric and adolescent individuals.

Photograph Histological imaging

[ MRI-based brain age estimation serves

as a biomarker for cognitive function,
dementia severity, and mortality risk.
Brain age delta correlates with Alzheimer's

disease, mild cognitive impairment,
schizophrenia, and major depression.

Fundus photograph-based retinal age
estimation serves as a mortality risk predictor,
showing association with increased all-cause,
cardiovascular, and cancer mortality.

Photograph-based face age estimation
serves as a non-invasive biomarker for
mortality risk and chronic disease prediction,
shows associations with genetic factors,

and improves clinical risk-scoring models
for patients at end-of-life.

Radiograph-based bone age estimation,
typically using hand images, remains a
standard method for assessing skeletal
maturity in children and adolescents, with
high accuracy across various deep
learning models.

CT-based chest age estimation shows
promise in assessing relative lung cancer

risk and provides detailed information about
thoracic structures related to ageing.

CT-based abdominal and thoracic age
estimation from abdominal and thoracic images
offers insights into ageing processes of multiple
organ systems simultaneously.

Radiograph T Other

Al-Based Imaging
Biomarkers of
Aging

Imaging biomarkers of ageing: a
review of artificial intelligence -based
approaches for age estimation

The Lancet Healthy Longevity, 2025; 6
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Physiological and
Functional Markers of Aging ¢ ¢

The Three Biggest
Indicators of ZD"W@V(X&/:

STRENGTH MUSCLE MASS
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Grip strength Gait speed

Time up and go test

Six-minute walk test

Wrinkles gunctiona
Hyperpigmentation ,55.5955"79,7, T
Organ mass |
decrease ,’
Skin Aging
Physiological
Aging :
Body fat Organ aging

Abdominal &) ) & 5
g o,
obesity Ventricular wall

"lp ,\(\Qe’
Osition ¢
Lymphoid hypertrophy
lipoma

Skeletal aging Muscle aging

Osteoporosis Sarcopenia
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VO2 MAX AND SURVIVAL

whyiexercise.com

VO2 max (percentile score)

10-Year Survival Rate*

Risk of death (from any cause)

Top 2%

97%

v 80%

Top 25%

96%

V76%

Top 50%

93.5%

e —————

$64%

Lower 50%

91%

v49%

Bottom 25%

77%

*Ten-year survival measured from middle age (50s).
Based on fitness testing and long-term follow up of over 120,000 people!

Highest risk

Source: Mandsager, Harb, Cremer et al 2018.




Wearable Technology for Longevity

Devices for Tracking Health, Fitness, and Aging Biomarkers

C* Sleep Tracking

e Sleep Stages & REM
® Sleep Duration & Efﬁciem:y+

&P Heart Rate & HRV

* Heart Rate Monitoring
® Heart Rate Variability (HRV) ' '

e Resting Heart Rate dﬂ L
* HRV Trends & Recovery >3

® Glucose Trends

e Sleep Apnea Detection ST e

® Sleep Scores

e Dietary Response

C
* Sleep Efficiency :  :

* AHI/ODI 0‘ 1 21
Y - kﬂg‘

e Sleep Duration & Regularity

# Sleep & Circadian

AP Activity & Fitness

,J

e Step Counting
o Exercise Performance  :

R TR
¢ VO, Max Estimation \s
o Calories Burned ’

p-

e Step Count ; e Oxygen Saturation (Sp0,) o Sleep Efficiency
® Exercise Volume 2 : — ® Respiratory Rate P . o AHI/ODI
® VO, Max Estimation = ® Breathing Patterns e g ¢ HRV

 © Calories Burned B .4 o Altitude Adaptation o Sleep Duration & Regularity

77N
50 )

Superior
Today

Wearables provide actionable data for optimizing health, fitness, and aging biomarkers.



« 1 Sleep Apnea
((07.9)

1 Insulin Resistance
e T Glucose & HbA1c
- 1 Weight Gain ¢ ¥7.

Sleep & Longevity

How Sleep Impacts Aging and Healthspan

Brain Health
» { Deep Sleep (SWS) M :
- Cognitive Decline =23 __..gm,w

.
(e e —

e T Alzheimer’s Risk : =
@ &

Sleep & Longevity.

Gut Health Impacts Aging and Healthspan

6 Brain Health A. bg'-'_ ' @ Systemic Inflammation

« 3 Deep Sleep (SWS) « 1 CRP & Inflammatory ™% + 1 CRP & Inflammatory Markers ™
« T Cognitive Decline [ « T Oxidative Stress 2 « 1 Oxidative Stress & A A

« T Alzheimer’s Risk I-,-‘n @r? ﬁ; « 1 Immune Dysfunction ’ /
‘ o= J . . ' lk I | = O ,. T‘ -

3 Glycemic Control I § Atherosclerosis <4~ + Atherosclerosis 4 Cognitive Function 4 Chronic Disease Risk




Sleep Metrics Mapped to Biomarkers

Key Sleep Metrics and Their Impact on Longevity Biomarkers

-
.“-

<6 hrs or >9 hrs:

- 1 Insulin Resistance & HbAIlc - 1 Blood Pressure - 1 CRP & Inflammation
- T ApoB / LDL Particles

,'-—-i gI;ép Efficiency <85% Efficiency:

9 [ " - T hs-CRP & Cytokines - T Heart Rate (4 HRV) - T Fragmented Sleep Patterns
x 65% P B - 1 Heart Rate (4 HRV)

Elevated AHI / ODI:

- 1 hs-CRP & Oxidative Stress T Blood Pressure Variability - 1 NT-proBNP
- 1 Blood Pressure Variability

Reduced SWS:

- T B-Amyloid & Tau Buildup - T Alzheimer’s Risk - 4 Glymphatic Clearance
- 1T Alzheimer’s Risk - 4 Glymphatic Clearance

Sleep Disturbances Elevate Biomarkers Linked to Metabolic Dysfunction, Vascular Aging, and Cognitive Decline.

- 4 Insulin Sensitivity




Role of the Gut MicrobiomeHhiealthspanand Aging

AMicrobiome's Role in Aging
A Regulate metabolism, immunity, and inflammation,
influencing aging process andhealthspan
AChanges in Microbial Diversity

A Microbial diversity decreases with age, chronic disease,
and medication, associating with inflammation and age
related conditions

A Microbiome Measurements

A Diversity, beneficial bacteria, metabolic activity, and
pathogens

AMicrobiome Testing andHealthspan

A Microbiome analysis aids personalized interventions,
supporting healthspan but not proven to extend lifespan
directly







