
Ageing
Dermot Power, MD



Survival Curves Indicate the Effects of 
ageing on Mortality

100 % surviving at 
birth (age 0)

Early infant mortality

Age-independent 
mortality rate (10-50)

Age-dependent 
mortality rate (60+)

50% = median (~avg)

0% = maximum



Lifespan Effects of Slowing ageing

•Eliminating Disease increases median longevity; 
rectangularizes the survival curve (1-3).

•Slowing ageing increases both median and maximum 
longevity (curve 4).



Irish data

Male

Age 0 10 20 35 55 65 75

1926 57.4 55.2 46.4 34.4 19.1 12.8 7.7

2011 75.6 65.7 56 41.8 23.4 15.4 9.3

Female

Age 0 10 20 35 55 65 75

1926 57.8 54.9 46.4 34.7 19.6 13.4 8.4

2011 80.3 70.8 60.9 46.2 27.4 18.7 12.6



Longevity Increased Dramatically in the 20th

Century

•Major gain is 
reduced 
childhood 
mortality

• Likely Causes
• Sanitation

• Nutrition

• Medical Care



Biological Theories of Ageing



Biological Clock Theories of ageing

Ageing is 
programmed

Intrinsic; 
generated from 
within

Determinant

Clocks may exist 
as a master clock 
and/or cellular 
clocks



Different species have 
different maximum 
longevities even in 
captive environments

Genetics must be the 
cause of the differences

Wear and tear theories 
claim the genes work by 
preventing ageing

Biological clock theories 
claim the genes directly 
cause ageing (regulate 
clock rate)



The Hayflick Limit
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Population Doublings Correlate with 
Longevity

Longer lived species 
have more population 
doublings

Cells from young 
individuals have more 
population doublings

Cells from individuals 
with progerias 
(accelerated ageing 
syndromes) have fewer 
population doublings



Biological Clock may be Telomeres

Caps on the ends of chromosomes get shorter each 
cell division

When telomeres get too short, cells stop dividing 



Telomerase extends telomeres 

If telomeres 
disappeared each 
generation, the next 
generation may run out

Telomerase permits 
separation of a mortal 
somatic cell lineage and 
an immortal germ line 
lineage. 

Multicelled creatures 
permitted the soma to 
become disposable



Limitations of the Cell Division 
Hypothesis

• Tissues (bone marrow) can be serially transplanted to give lifespans 
far exceeding that of original donor

• Most of your body mass is post-mitotic cells

• Telomerase knockouts have normal offspring for several generations



Wear and Tear Theories of ageing

•Extrinsic Causes

•Stochastic (not determined)

•Proceeds much like ageing in your automobile



Free Radicals

What is a Free Radical (FR) ?

FRs are atoms or molecules with an unpaired electron

e.g. 02 +    e    =   *O2
-

(superoxide radical)

Small FRs in the body include:

hydroxyl radical (*OH)

nitric oxide radical (*NO)

Larger FRs contain an organic molecule, R:

alkoxyl radical (*RO)

peroxyl radical (*ROO) 



Damage caused by FRs  is the main reason for ageing 

and age related diseases.

There is no clear idea as to which, if any, of the many types 

of FR are the most important in promoting ageing. 

The theory is based upon several observations: 

+ve correlations:

metabolic rate vs FR production

age vs                  “

cataracts             vs                  “

-ve correlations:

mean Longevity     vs FR production



FRs damage body molecules by taking electrons from 

molecules - oxidation

Oxidation alters the shape of molecules which  often 

leads to malfunction.

FRs appear to cause damage to DNA, lipids & proteins

FR damage can cause:

- inflammation

- excess blood clotting

- cataracts

- atherosclerosis



To defend against the effects of FRs the body has 

mechanisms to eliminate them and to remove 

and repair molecules damaged by them.

Substances called ANTI-OXIDANTS destroy FRs by 

helping to create pairs of electrons.

Examples of anti-oxidants:

- vitamin E

- vitamin C

- beta carotene

The body also makes its own anti-oxidants:

- melatonin

- albumin

- uric acid



The body also makes enzymes to prevent FR 

Production and speed up FR elimination.

Selenium is a vital dietary component as it helps an 

enzyme (glutathione peroxidase) remove H2 O2.



Wear and Tear: DNA Mutations

Damage to most 
molecules overcome by 
replacement (turnover of 
lipids and proteins).

Damage to DNA, the 
blueprint, if permanent, 
leads to accumulation of 
errors. 

Causes are heat, 
oxygen, mutagens



DNA Repair May Slow ageing

•Cells have multiple 
DNA repair systems

•Accumulated 
mutations should 
lead to impaired cell 
function, even in 
new cells if damaged 
DNA is copied



Biological Energy Partitioning

•As a species, organisms may exchange energy between 
repair and reproduction.



The Aristotelian Mean

• “All things in moderation”

• Longevity maximized by 
avoidance of excess

• Longevity may also be 
maximized by avoidance of 
abstinence 

• Jeanne Calment. Lived to 
123. Died several years ago. 
Smoked cigars to 110. Drank 
champagne until she died.



Conclusions

Ageing likely results as an accident.  So few 
organisms reached advanced age there was no 
evolutionary advantage to avoid ageing

Pleiotropy. The idea that something could benefit 
an organism during development, but be 
detrimental as the organism aged

Both biological clock and wear and tear theories 
have support. ageing, like many diseases is likely to 
be multifactorial.  Theories are not mutually 
exclusive.



Population ageing









Centenarians

• Fastest growing segment of population, 
(≥ 85 second fastest)
• 85,000 Happy 100th Birthday cards sold in US last year! (Hallmark)

• Markedly delay or escape age-related
diseases (Heart, Stroke, Diabetes,
Alzheimer’s)

• 90% independent at 90, 75% at 95

• Older you get, healthier you’ve been!



Individual Ageing



Older, But Wiser



What worries people over 70?

• AARP Study (US, 2008)
• Money

• Financial security

• Health
• Access to healthcare

• Dementia ****

• Security
• Financial and personal

• Similar studies from UK
• Health and wealth

• Worry itself can have adverse effects



Pre-conceptions regarding ageing can 
influence outcome

• Negative perceptions of ageing predict longitudinal decline in 
cognitive function. 
• Negative perceptions of aging at baseline were independently associated 

with longitudinal decline in verbal fluency and self-rated memory over a 2-
year period
• Psychol Aging. 2016 Feb;31(1):71-81. 

• Robertson DA1, King-Kallimanis BL2, Kenny RA1.

• Negative perceptions of ageing and decline in walking speed: a self-
fulfilling prophecy.
• Negative perceptions of ageing at baseline were associated with slower 

Timed Up and Go test over 2 years period
• PLoS One. 2015 Apr 29;10(4).

• Robertson DA1, Savva GM2, King-Kallimanis BL1, Kenny RA3.



However, Positive Self-Perceptions of Ageing May 
Increase Longevity

• Positive self-perception – 5 items (1975 longitudnal study California)
• Subjects: 338 m 322 w (50-94)  community dwelling followed 

• Each point of positive self-perception of aging, diminished the risk of dying by 
13%
• Most positive quartile survived 22.5 years, 

• most negative quartile survival of 15 years (a difference 7.5 yrs )

• Not affected by self reported loneliness or health status at baseline

Levy, BR and Slade,

Journal of Personality & Social Psychology, 2002, 261-270



• Overall physical, mental, social, and spiritual well-being

• Minimize disability

• Increase longevity

• Decrease morbidity

• Improve physical and mental function

• Enhance quality of life
• Dependent on

• Genetic
• Cultural

• Lifestyle
• Environmental
• Economic and
• Health factors

SUCCESSFUL  AGING



Longevity Factors

• Apo E2 gene → increased longevity

• Apo E4 → increased Alzheimer’s risk

• Other genes

angiotensin converting enzyme

HLA  - immune function variants

plasminogen activator inhibitor 1

• “Good” genes  age-related disease in late 90s



Lifestyle Changes



PROMOTION OF SUCCESSFUL AGING

YEARS

Function/Health

‘Normal’ aging

Disability
threshold

Optimal aging

(goal: slow rate of decline)

Successful

aging



Exercise is good for you



Consequences of lost muscle mass

Falls 

risk (%)



Ageing muscle

Midthigh, cross-sectional MRI 

in 25yo and 70 yo males



Ageing muscle- sarcopaenia

John Turner, 

Psychiatrist, age 67 And at age 79

Muscle loss is inevitable- the rate 

of loss is modifiable



LIFE Study 
Pahor, M et al. (2014) JAMA 2014 

• This study showed that a regular, balanced and 
moderate exercise program followed for an 
average of 2.6 years reduced the risk of major 
mobility disability by 18 percent in an elderly, 
vulnerable population. 

• Exercises included walking, and strength, flexibility, 
and balance training activities.



Walk Performance Study

• Subjects: 
• 1491 men, 3075 women, community dwelling, ages 70-79, no difficulty 

walking ¼ mile, 1 flight, or ADL
• Randomised to advice or a weekly “walking” programme

• Measurements: 
• long distance corridor walk (400 meters), and total performance time

• Outcomes (after 5 years): 
• total mortality, 
• cardiovascular disease, 
• mobility  limitation or mobility disability 

Newman et al, JAMA, 2006, 2018-2026



Walk Performance: Hazard Ratios
• For each additional minute of walk time, the following 

Hazard Ratios applied:
• 1.29 (95% CI, 1.12-1.48) for mortality, 

• 1.20 (95% CI, 1.01-1.42) for incident cardiovascular disease, 

• 1.52 (95% CI, 1.41-1.63) for mobility limitation, 

• and 1.52 (95% CI, 1.37-1.70) for frank disability



Environmental interventions



Ludwig, J et al. (2011) NEJM 365: 1509-1519.

Moving to a Low-Poverty Neighbourhood Improves 
Health and Well-Being

Three groups (with coincident T2DM) assigned by lottery; 
 Housing assistance provided but only if they agreed to move to less-

impoverished area

 Housing grants supplied but no move required

 Grant offered but no obligation to take and no advice given

Results of the move to the low-poverty setting:
 The effect on glucose control for adults was comparable to that of 

metformin. 

 Improvements in subjective well-being = $13,000 increase in an annual 
income.  



Environment matters- choose where 
you live

• Results from prospective, observational studies
• Higher pedometer readings among older women living 

within walking distance (< 20 min. walk) of park, shops, 
church or relatives
• King WC et al. Am J Health Promotion  2003

• 5-yr survival rates higher in Older Japanese living 
closer to walkable green spaces (adjusting for SES, 
age, sex, marital status)  
• Takano et al. J Epi Commun Health 2002

• 1 yr risk of developing functional loss in older 
Americans was 2-3 times higher in neighbourhoods 
with excessive noise, inadequate lighting, heavy traffic, 
& poor access to public transportation
• Balfour & Kaplan. Am J Epi  2002



Preserve your cognitive function



Amyloid Plaques and Neurofibrillary Tangles 
in Alzheimer’s Disease and Normal Brain

Alzheimer’s Normal

Tangles

Plaques

Courtesy of Harry Vinters, MD.



Numbers of people with dementia (UK)

	



Number of years of life lost to dementia  

	



The annual cost of dementia in UK in 2013 
was £10.54bn 
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Leading Causes of Death, 
Adults 65+ Years, 2010

Rank Cause of Death

1 Heart disease

2 Cancer

3 Chronic lower respiratory diseases 

4 Stroke

5 Alzheimer’s disease 

6 Diabetes

7 Influenza and pneumonia 

8 Kidney disease

9 Accidents (unintentional injuries)

10 Septicemia 

54
SOURCE: Heron M. Deaths: Leading causes for 2010. National vital statistics reports; vol 62 no 6. Hyattsville, MD: National Center for 
Health Statistics. 2013



Interventions That Might 
Prevent or Delay AD

 Antihypertensive therapy (Calcium channel 
antagonists)

 Hormonal agents (oestrogen)

 High-dose vitamin B, folic acid supplementation

 Statins

 PPAR-gamma agonists

 Fish oil, omega 3 fatty acids

 Gingko

 Weight control, healthy diet



Overview of Supplements
• Anti-oxidants: 

• no pending treatment trials data; hope for prevention trial at 
some point, or via dietary study

• Anti-inflammatory agents: 
• all AD studies (-); MCI trial (-); ADAPT prevention trial results 

mixed: no cognitive benefit, possible risk reduction with 
naproxen only

• Hormonal therapies: 
• largest AD treatment studies were (-); discouraging WHIMS 

results; but none started early enough, possibly wrong form 
used, so question may still be open.

• Homocysteine-lowering: 
• ADCS (B6+B12+folate) trial in AD completed, no benefit seen

• Omega-3-fatty acid: 
• anti-amyloid/neuroprotective (ADCS), (-) results in AD; equivocal 

results in age-associated memory impairment



Relative risk of developing dementia

• Relative risk indicates how much of an increased 
chance of developing dementia a person might have 
for a particular condition

• For example the relative risk for a person with diabetes 
is 1.39 – that is, the chance of developing dementia is 
1.39 times greater for those with diabetes than when 
compared to someone with out diabetes, all other 
things being equal
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The top six relative risk factors for 
dementia 
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5 ways to help reduce risk



5 ways to help reduce risk



Rebok, GW et al. (2014) J Am Geriatr Soc Jan 13

Advanced Cognitive Training for 

Independent and Vital Elderly 

(ACTIVE) 

• The study looked at the effects of cognitive training on 
cognitive abilities and everyday function.

• Benefits at ten years were seen in reasoning and speed, but 
not memory.

• ~60% of participants maintained or improved Instrumental 
Activities of Daily Living  (IADLs).  



• New WHO ADI factsheet 
launched July 2014

• Reveals smoking can 
increase dementia risk by 
45%

• 14% of dementia cases 
around the world 
potentially attributed to 
tobacco

• Urges governments to 
implement tobacco control 
measures and cessation 
services

Smoking and dementia



Everything gets older……

…..but some things 

improve with age


