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When I think about ageing …
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When I think about ageing …+ -
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Definition

• …starts with birth.

• …is the accumulation of changes in a person over 
time.

• … multidimensional process of physical, 
psychological and social change. 

• … some dimensions of ageing grow and expand 
over time, while others decline.

http://en.wikipedia.org/wiki/Ageing
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WHO

• In almost every country, the proportion of people 
aged over 60 years is growing faster than any other 
age group, as a result of both longer life expectancy 
and declining fertility rates. 

• This population ageing can be seen as a success 
story for public health policies and for 
socioeconomic development, but it also challenges 
society to adapt, in order to maximize the health 
and functional capacity of older people as well as 
their social participation and security. 

= Ageing Well
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Ageing Well?

• stay healthy and happy

• live independently for as long as possible

• feeling connected 

• having supportive social relationships

• stay mobile

• maximize functional capacity

• learn new things
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When I think about BRAIN ageing …

…and learning.
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“you can´t teach an old dog new 

tricks”

� you are never too old to train your brain!

= life long learning
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Basis of Learning

Neuronal Plasticity

Potential of our brain to CHANGE

- adaptive (e.g. during learning) or 

- restorative (e.g. after stroke)

… occurs throughout life! 

Function

Structure
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Brain Facts

• weight _______kg

• 2 % bodyweight

• _____ litre blood per minute

(consumption= 15 – 20 % of blood)

• ____________ neurons

+ glial cells

~1.4

¾ 

86 billion
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Neuron

dendrites

cell body

axon

myelin sheth

axon terminals

synaptic cleft

C-E-C
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Brain Facts: Structure

• grey matter
(neurons & blood vessels)

• white matter (axons)
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Brain Facts: Function

The brain is always

active!

Default-Mode-Network

Cole et al., 2010
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Long Term potentiation (LTP)

„activation-dependent“ 

enhancement of information

transfer between neurons

Learning & Memory
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Learning & Memory

Please memorize the following
six words:

• tree

• cow

• traffic light

• crocodile

• flower

• elephant

Please memorize the following
six pictures:
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Method of Loci 

• items to be remembered are mentally associated with specific physical 
locations

• simplest route = „body route“

1 = head, 2 = face, 3 = neck, 4 = chest, 5 = stomach,
6 = arms, 7 = hip, 8 = upper leg, 9 = knee, 10 = foot

shopping list:

apple, butter, toilet paper, bread, and a toothbrush

imagine:
You enter the shop, balancing an apple on your head. Because you heard it should be good for your
skin, you spread butter on your face, fashion models swear that it helps. To keep warm, you put toilet
paper around your neck. You proudly put some bread on your chest and stick a toothbrush to your
stomach.
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Learning & Memory

What happens in the brain?
• functional change

• 5 days / 2 h piano practice one hand
behavioral: less mistakes & more fluent
representational area get bigger (TMS)

(Pascual-Leone et al., 1995)
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Learning & Memory

What happens in the brain?
• structural change

• sprouting of new dendritic 
spines along a well-used 
synapse

• might emit a bigger burst of 
neurotransmitter

= enhance the efficiency

• only when the synapse is 
repeatedly or persistently 
activated 
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Long-Term Depression (LTD)

„activation-dependent“ 

decrease of information

transfer between neurons
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USE IT OR LOOSE IT!
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Why is it more challenging for adults 

to learn new things?
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It is more challenging for adults to 

learn new things because…

• windows of opportunity / sensitive period

(foreign language)

• � responsibilities

• � time

• changes of the ageing brain?
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Structural Changes

• overall reduction in the brain volume 
and weight & enlargement of 
ventricles

• human brain volume (gray and white 
matter) well-maintained until 60

• accelerated decline in high age 
characterized some structures 
(hippocampus), but not the norm

(Allen et al., 2005; Anderton 2002; Fjell et al., 2013)
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Structural Changes

• neuronal loss

• loss of synapses/dendritic 
pruning  (up to 20 % in selected 
areas) 

• decrease synaptic plasticity

• neurofibrillary tangles and senile 
plaques (Alzheimer Disease –
„accelerated aging) 

Anderton 2002; Masliah et al., 1993
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Structural Changes

• White matter hyperintensities
- impairment motor function
(gait), cognition (memory), 
emotion (depression)
(Inzitari et al., 2009)

• Microbleeds
- 6.5% (45 to 50 years)
- 35.7% (~ 80 years)
- impairment cognition
(Loitfelder et al., 2012; Poels et al., 2010)

27



Functional Changes

• reduced connectivity RSN

• Decreased functional
connectivity (decreased RT)

• Posterior to anterior shift of
activation (PASA)

Andrews-Hanna et al., 2007; Chou et al., 
2013; Davis et al., 2007
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Possibilities to promote successful 

brain aging ?
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Possibilities to promote successful 

brain aging ?
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Successful brain aging

Brain Reserve

• neurological reserve
- brain size
- neural and synaptic numbers

• flexibility (use alternative 
networks)

• genetic (ApoE4; AD)

Valenzuela, 2008

Cognitive Reserve

• education

• occupational characteristics

• leisure activities 

• environmental/lifestyle

Stern, 2012
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…brain‘s/mind's resistance to damage of the brain.



Brain Reserve

Post-mortem 
(N = 137; 86 years)
78% demented, 55% AD

...these people might have started 
with a larger brain and more neurons 

and thus might be said to have a 
greater reserve ... …had incipient 

Alzheimer’s Disease but did not show 
it clinically because of this greater 

reserve.

Katzman Robert, 1988; p. 144
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Promote successful brain aging

Brain reserve

– Linear Threshold Theory (Satz, 1993)
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Genes / Neurogenesis

• Genes
- Apolipoprotein E 
(ApoE; genetic risk factor AD)

• Neurogenesis
- the birth and development of 
new neurons, continues 
throughout life in certain 
discrete parts of the brain 
(numbers are probably not 
huge & functional significance 
of new cells is not at all clear)

Eriksson et al., 1998

34



35

Cognition

?
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Kognition

?

attention

memory

learning

creativity

planning

orientation

argumentation

introspection

etc.



Promote successful brain aging

Cognitive Reserve…

• lifelong experiences

• educational &

• occupational attainment

• leisure activities in later life

Stern, 2012
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Promote successful brain aging

physical activity 
• How does exercise affect the brain?

• reduces gray matter loss 

• strengthens neural connections

• pumps up nerve growth factors

• enhances blood flow

• was associated with higher FA, less WMH 

• ~promotes neurogenesis 

• ~changes gene activation patterns (animal studies)

• functional changes: increase in hemispheric asymmetry & 
reduction in age differences

Benedict et al., 2013 ; Colcombe et al., 2004 ; Erickson et al., 2007; 
2011; Gow et al. 2012
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Promote successful brain aging

physical activity 

• What else?

• reduce risk of CV disease

• improves quality of live, 
increases motivation and 
independence, …

• leads to a reduction in 
depressive symptoms 

Barbour & Blumenthal, 2005
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What kind of exercise?

• brisk walking /aerobic
exercise / …

• gardening / golf …

• better: 
physical activities that 
challenge the mind as well

• learning a new dance, 
practicing Tai Chi, or taking 
up a new sport
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Teaching an Old Brain New Tricks 

(and Kicks)
dance 
- healthy elderly women (average age 68 y) 
- 1 hour dance class, 1/week; 6 months

improved reaction times, postural control, tactile ability, overall 
motor performance & overall subjective feeling

martial arts 
- older adults (age range 67-93 y) 
- 20 one hour training sessions over a 3 - 6 months
- cognitive (inductive thinking ability), motor (stretching and 
mobilizing), or karate (self-defense, partner work, and kata) 
training

���� all improved cognition 
- only the karate group had a significant improvement in well-
being. 

Kattenstroth et al. (2010); Jansen & Dahmen-Zimmer (2012)
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How much?

physical activity 

• good for your body = also 
good for your brain

• 30 minutes or more at least 
three times a week

• or minimum of 30 minutes a 
day most days of the week (it 
doesn’t have to be done all at 
once; dana.org)
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Promote successful brain aging

mental activation
(eductional attainment)

• learning to play a musical instrument

• reading

• learning a foreign language

• taking a different route

• cognitive training (online, CD, videogames, …)

challenging
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Online Cognitive Training

http://www.happyneuron.de/

http://www.positscience.com/ (english)
http://www.cognifit.com/ (english)
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Memory – Concentration – Language – Logic – Visual Skills



Example

Memory
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Order of places

Photographs

City name…
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Memory

Distraction task – how many calories does

100g of potatoes have?
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Processing Speed



•40 Exercises (5 cognitive domains) 

•work on your „weak“ domains! 
•85 participants (53.5 ± 14.8 years, 58% female)
• 18 weeks training � sign. effects in all domains irrespective of age, gender 
& edcuation

Online Cognitive Training
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Memory – Remember Faces

up to 15 people with changing views

http://www.freshminder.de/Demo.htm
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Distraction
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Memory
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Attention



Processing Speed
Find identical pairs of letters
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How many cubes are presented?



How much?

mental activation

• benefits only observed among those who 
trained twice weekly
- once-weekly did not demonstrate 
comparable benefits

• ACTIVE-trial:
training effects continued through a two-
year follow-up period

• the more, the better – but at least 10 
minutes / day

Liu-Ambrose et al., 2012
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changes in 

cognitive function & 

brain activation

� structure



Transfer

• Cognitive training can improve older 
adults’ ability to maintain day-to-day 
activities, and that the skills learned 
can enhance functioning on similar-
minded tasks, but may not transfer to 
other aspects of cognition.

• different tasks – challenging

• close to daily activities
(virtual reality)
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Promote successful brain aging

• ~ Occupational attainment

• Job either

- � mental active & �physical active

- � mental active & � physical active
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Promote successful brain aging

Social interaction

• attending wine-tastings/other 
social events

• playing cards

• traveling with friends …

• chatrooms

• social networks
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Promote successful brain aging

Diet

• Restriction of calories
(1/3)

• Decrease of CVD, 
cancer & diabetes

• improves verbal 
memory

Ahmet et al., 2011; Albanes, 
1987; Lane et al., 1999; 
Weindruch et al., 2010; Witte 
et al., 2009
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Promote successful brain aging

Diet

• Vegetables and fruits 
are packed with 
antioxidants and 
other essential 
vitamins & minerals, 
are low in fat & 
calories.

• Omega-3 Fatty Acids
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free radicals 

cause oxidative 

damage to brain 

cells



What about a glass of wine daily?

• moderate drinking (e.g., a glass of 
wine daily) may have health benefits? 
- protection from cognitive decline 
(AD) 

• other studies contradict these 
findings!

• Resveratrol – antioxidant
(growing research – CAVE)

Renauld et al. 1992
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Promote successful brain aging

Mind your numbers

• cholesterol levels, blood 

pressure, blood sugar, & 

weight

• increases risk for dementia, 

heart disease, diabetes, ...

61



Promote successful brain aging

reduce (chronic) stress

• glucocorticoids can 
damage the brain’s 
memory center when 
they are overproduced

• � exercising, positive social 
interactions, biofeedback, 
meditation, relaxation therapy, 
visual imagery, recognizing 
your limitations , prioritizing 
your activities
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Promote successful brain aging

reduce (chronic) stress

• control subjects displayed the 
expected negative correlation 
of both gray matter volume & 
attention with age

• meditators did not show a 
significant correlation of either 
measure with age

Pagnoni & Cekic, 2007
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Promote successful brain aging

Sleep
- sleep is essential for the brain to consolidate 
newly acquired information into long-term learning

• good “sleep hygiene” 

• e.g. consume less/no caffeine, avoid alcohol,
drink fewer fluids before going to sleep, 
avoid heavy meals close to bedtime, 
avoid nicotine, exercise regularly (not too 
close to bedtime, try a relaxing routine 
(hot bath), establish a regular bedtime &
wake-time schedule, …
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STAY ACTIVE

-mental

-physical

-social

maintain „self-

efficacy“

www.dana.org

Ellen Hughes, M.D., PhD
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Thank you for your attention!
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I will do … (1 thing) to
promote my healthy

brain aging this weekend!



Additional Information
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• Vn Praag, 2009
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Resveratrol

• Antioxidant - http://www.resveratrol.de/ 

• Age-related memory impairments due to 
reduced blood glucose responses to 
epinephrine Original Research Article
Neurobiology of Aging, Volume 31, Issue 12, 
December 2010, Pages 2136-2145
Ken A. Morris, Qing Chang, Eric G. Mohler, 
Paul E. Gold
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• PA changes gene activation patterns: Human DNA contains about 30,000 
genes, each of which can be turned on or off to produce 

• (or stop producing) a wide array of proteins and enzymes that our cells 

• use to conduct their daily business of keeping us alive and healthy. To 

• understand how exercise may be effecting this complex system of gene 

• activation, or “gene expression,” scientists have examined which genes 

• are switched on or off in animals that exercise regularly. It turns out that 

• exercise induces changes in the expression patterns of a slew of genes, 

• some of which become more active (“up-regulated”) and some of which 

• become less active (“down-regulated”). Many of the genes that are 

• up-regulated are known to play roles in the structure and adaptability 

• of synapses, suggesting a possible mechanism by which exercise can 

• increase the complexity and flexibility of the brain.

70



• Antioxidants - Antioxidants, which include vitamins C, 
E, and beta 

• carotene (a form of vitamin A), reduce oxidative 
damage to cells from 

• “free radicals,” unstable molecular fragments. 
Oxidation, which can be 

• thought of as the biological equivalent of rusting, 
seems to contribute to 

• aging and cognitive decline, in addition to a number of 
diseases.

• Nutrition vs Pills!
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• C. Kawas, 950 90-plus year-olds since 2003

• staying socially engaged x well-being

• Exercise - even 15 minutes a day had a measurable effect 
on longevity (30 minutes better, 45 minutes best effect -
beyond that, more was not necessarily better)

• Reading, crossword puzzles & interacting socially = the 
more, the better

• maintaining normal weight (slightly overweight) is better 
than being underweight

• moderate amounts of alcohol (2-4 glasses of wine per 
week) can increase longevity.
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Promote successful brain aging

Creativity

• http://www.psychologytoday.com/blog/life-
art/200903/creativity-and-the-aging-brain

• Kim, S., Hasher, L., & Zacks, R.T. (2008). Aging and a benefit 
of distractibility. Psychonomic Bulletin & Review, 14, 301-
305.
Horn, J.L. & Cattell, R.B. (1967). Age differences in fluid and 
crystallized intelligence. Acta Psychologia, 26, 107-129.
Lehman, H.C. (1949). Some examples of creative 
achievement during later maturity and old age. Journal of 
Social Psychology, 30, 49-79.
Salat, D.H. et al. (2004). Thinning of the cerebral cortex in 
aging. Cerebral Cortex, 14, 721-730.
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