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LECTURE 2:
THE AGING BRAIN



Relatively few people die of old age.











Definition of Normal Biological Aging

“the decline and deterioration of functional capability at the cellular, 
tissue, organ, and systems level”

AGING leads to:

1. Loss of ability to maintain homeostasis
2. Decreased ability to adapt to internal and external stress
3. Damage to body systems

Loss of functional properties and decrease in ability to adapt to 
stress results in increased vulnerability to disease and mortality



1. Loss of ability to maintain homeostasis



Homeostasis

Important functions that must be maintained by body
(amongst others)

1. blood sugar levels (glucose)

2. water content (dehydration)

3. pH (gas exchange of CO2 and O2)

4. body heat (body temperature)

5. nutrient levels



Examples of Homeostasis:
• Conditions in the body change from time/time
• Every time we alter body conditions, we alter homeostasis

Running or walking:

•body temp (increases)

• water loss from cells and tissues (dehydration)

Raises heart rate

Utilizes blood glucose

Lower internal body temp. (sweating)

Increased hydration (thirst)

Slow heart rate

glucose levels restored (appetite, glycogen)





How do cells of body maintain homeostasis?

Negative feedback systems (control of brain-nervous system)
Monitors homeostasis by 3 basic steps:

1. Detecting presence of deviations from homeostasis

2. Informing part(s) of body that some condition is 
unacceptable, and how to correct the problem

3. Making necessary adjustments to restore conditions 
to normal level



A Normal Negative
Feedback System
For Thermoregulation



Aging Can Affect Homeostasis in 2 Possible Ways:

Biological age changes to structures that allow more rapid or
extreme alteration in body conditions (i.e. body temp)
• loss of fat in elderly
• thinning of skin
• loss of sweat glands
• decreased # of blood vessels and blood flow to skin surface
• decrease in muscle mass

• Nervous system changes with age

¯ # of nerve cells that monitor condition
• nerve cells left function weakly
• results in a decreased in detection + response

Biological age changes to negative feedback that allow more rapid
or extreme alteration in body conditions (i.e. body temp)



2. Decreased ability to adapt to internal and external stress



Physical Decline with Aging



3. Damage to body systems



Damage to body systems

1. Muscle deterioration and damage
2. Damage to skeletal system (e.g., osteoporosis)
3. Damage to internal organs
4. Damage to nervous system



But why do we age?

1. Error Theories
2. Programmed Theories



Error Theories

1. Wear and tear theory
2. Rate of living (cells burn out more quickly the more 

work they do)
3. Cross linking theories (cross linked proteins 

damage organs)
4. Free radical theories (atoms with unpaired 

electrons)(do damage to what they encounter)
5. DNA Damage theories



Programmed Theories

1. Programmed Longevity (its in the genetic code)
2. Endocrine Theory (its in the hormones)
3. Immunological Theory (our immune system is 

programmed to shut down)



The simple truth is scientists are still not 
sure why we age



Age-related changes in the nervous system









DECREASED CEREBRAL METABOLISM

Alzheimer's Normal



Neuronal Degeneration

Normal Alzheimer’s



Brain Weight and Aging



Nerve cells diminish with age

~ 10000 are lost per day

WHY?

- lost neurons are not replaced

- nervous tissue is gradually reduced



But why?

Theories on neuronal death have changed

a lot over the past decade. Now, it is 

believed that most neuronal death is due

to non age related factors:

1. damage from external causes

2. neurodegenerative disease



Alzheimer’s Healthy Senior



However,

Maybe the neurons themselves do change. For example, there may be 
a loss of myelin which results in a reduction in neural function.



But 
“It is suggested that such degenerative changes lead to 
cognitive decline because they cause changes in 
conduction velocity, resulting in a disruption of the normal 
timing in neuronal circuits. Yet as degeneration occurs, 
other changes, such as the formation of redundant myelin 
and increasing thickness suggest of sheaths, suggest 
some myelin formation is continuing during aging.”



What about neurotransmitters?



Loss of neurons + loss of myelin = 
decreased brain mass

Note – loss is not uniform across the 
brain



Changes in Brain Tissue



Max weight at 20 (3 lbs): loss of 10% over lifetime
No widespread 
loss of neurons

Brain maintains 
most

neurons

Some regions do 
experience loss

Loss in nucleus
basalis

acetylchoiline

memory



Hub of motor activity:
responsible for initiating 
and integrating movements

•become bright with age due 
to iron accumulation

• No health problems are 
associated with this change

Basal Ganglia
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MRI of healthy 87 year old brain, next to a healthy 27
(MRIs courtesy of the Oregon Brain Aging Study.)



As the brain becomes smaller 
as a result of the gradual, 
life-long loss of brain cells, 
this area increases in 
size to fill the space

Subarachnoid



Memory center of the brain

There is some cell loss 
associated with healthy 
aging, but this by itself does 
not indicate significant 
memory loss

Hippocampus



Hollow spaces filled with CSF

Like the subarachnoid space, 
these spaces increase in 
size as the brain becomes 
smaller with age

Ventricles



Myelination: communication 
channel for the brain's 
information processing gray 
matter

White matter changes in 
appearance with aging. The 
reason for these changes is 
unclear, but it may be related 
to the normal slowing of 
information processing in the 
brain with age

White Matter



• white matter decrease

• increase in ventricles

• increases in CSF

Gray matter okay!



However, in most instances the large and obvious changes are 
brought about by neurodegenerative disease.



§ The Aging Brain

§ The Adapting Brain
§ As the brain ages, it adapts in several ways:

§ Neurogenesis: the generation of new brain cells

§ Dendritic growth can occur in human adults

§ Older brains rewire to compensate for losses

§ Hemispheric lateralization can decrease; may improve 
cognitive functioning

The Course of Physical 
Development in Late Adulthood



Aging brain à plasticity

Dendrites!!



So, assuming your brain is healthy…



Biological Myths of Aging

Memory declines drastically with age for all people.

IQ declines drastically with age in all people.

Learning becomes more difficult as we get older.

There is nothing you can do counter these aging deficits.



Senses Decline with Aging



Changes in Sensory Input



Visual impairment: most common sensory problem
• 95% wear glasses (across cultures)
• pupil 1/3 size (iris more rigid) (by 60 vs 20)
• 5% cannot read
• 20% cannot drive

Vision



Normal Vision

Problem in lens à Cataracts 
protein clumping together

Problem in the macula (fovea)
Macular Degeneration: loss of 
acuity and center vision



• ear structures deteriorates 
• eardrum often thickens 
• inner ear bones and other 
structures are affected 

• 30%: 65 & up significant 
hearing impairment

• 25%- between 65 and 74 
• 50%- 75 & up difficulty 
hearing 

• 10dB reduction in hearing 
sensitivity each decade 
after 60 

• older men more likely to 
have hearing loss than older 
women •Earlobes increases ¼ longer 

(   cartilage) & fatter

Hearing



9,000 taste buds
40 to 50 in women
50 to 60 in men

After 60 loss of sensitivity: sweet & salty 1st to go

Taste 



•smell receptors decreases increases the threshold for smell
• after 50 the sense of smell decreases rapidly
• 80: reduced by about half 

•Size increases ½ in wider & ½ in longer (   cartilage)

Smell 



Changes in Cognitive Function



Intelligence and Aging
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Conversely, some elderly people with MCI remain at a 
stable plateau for decades (Figure 59–7). There is cur-
rently intense interest in learning how to distinguish 
individuals who will progress to more severe difficul-
ties from those who will age relatively normally.

More troubling are the age-related or senile demen-
tias. Senile dementia is a clinical syndrome in the eld-
erly that involves progressive impairment of memory 
as well as cognitive faculties such as language, problem 
solving, judgment, calculation, or attention. Dementia 
syndromes are associated with a variety of diseases. 
The most common, Alzheimer disease, is discussed 
in detail below. The second most common cause of 
dementia in the elderly is cerebrovascular disease, par-
ticularly strokes that lead to focal ischemia and conse-
quent infarction in the brain.

Large lesions in the cortex are often associated with 
language disturbances (aphasia), hemipareses, or neglect 
syndromes, depending on which portions of the brain 
are compromised. Small infarctions in white matter or 
deeper structures of the brain, termed lacunes, also occur 
as a consequence of hypertension. In small numbers 
they may be asymptomatic, or they may contribute to 
the normal cognitive decline of aging or underlie certain 
cases of mild cognitive impairment that do not progress 
to Alzheimer disease. As vascular lesions increase in 
number and size, however, their impact becomes height-
ened; eventually they can lead to dementia.

Numerous other conditions that can lead to demen-
tia include Parkinson disease, alcoholism, drug intoxi-
cations, infections such as AIDS and syphilis, brain 
tumors, vitamin deficiencies (notably lack of vitamin 
B12), thyroid disease, and a variety of other metabolic 
disorders. In some patients schizophrenia or depres-
sion may mimic a dementia syndrome. Emil Kraepelin 
chose the term “dementia praecox” to highlight the 

cognitive deficit in a disease that affects young peo-
ple, a disease we now call schizophrenia. Although 
the clinical features of these dementias may resemble 
those of Alzheimer disease or cerebrovascular disease 
in some respects, the symptoms and tempo of demen-
tia may vary, depending on the nature and site of the 
neurological abnormality. Because some dementias can 
be treated, it is important for the physician to probe the 
differential diagnoses of dementia with clinical history, 
examinations, and laboratory studies.

Alzheimer Disease Is the Most Common  
Senile Dementia

In 1901 Alois Alzheimer examined a middle-aged 
woman who had developed memory deficits and 
progressive loss of cognitive abilities. One of the first 
noticeable symptoms of this woman’s illness was 
unprovoked suspicion of her husband’s behavior. Her 
memory became increasingly impaired. She could no 
longer orient herself, even in her own home, and she 
hid objects in her apartment. At times she believed that 
people intended to murder her.

She was institutionalized in a psychiatric hos-
pital and died less than five years after the onset of  
illness. Alzheimer performed an autopsy that disclosed 
specific alterations in the cerebral cortex, described 
below. The constellation of behavioral symptoms and 
physical alterations was subsequently given the name 
Alzheimer disease (AD).

The first case of the disease caught Alzheimer’s 
attention because it occurred in middle age, but in gen-
eral the disease afflicts the elderly. Most patients with AD 
exhibit the first clinical signs during their seventh decade. 
Early onset cases are often familial, and mutations have 

Cognitive
level

Age

30 40 50 60 70 80 90

Normal
memory loss

Mild
cognitive
impairment

Dementia

Figure 59–7 Cognitive performance can vary 
widely with age. Normal age-related memory 
loss does not impair cognitive abilities. Mild 
cognitive impairment is accompanied by a 
gradual and modest loss of cognitive abilities. 
Dementia is accompanied by a severe and 
accelerating loss of cognitive performance. The 
distinction between mild cognitive impairment 
and dementia becomes apparent only after the 
initial decline in cognitive performance. (From 
the National Institute on Aging: http://www.
nia.nih.gov/alzheimers/publication/part-2-what-
happens-brain-ad/changing-brain-ad)



Recall and 
Recognition 
in Adulthood

•Recognition
•stable

•Recall
•declines



Memory Decline with Aging
Age-Related Deficits:

•long-term memory
•physical-motor tasks
•free recall learning

•requiring conscious recollection and effort

No Age-Related Deficits:
•short-term memory
•non physical-motor tasks 
•recognition learning

•easily organized task structures or cues
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Effects of Age and Skill in Typing
Timothy A. Salthouse

Andrus Gerontology Center, University of Southern California and University of Missouri

What are the factors responsible for skilled typing performance, and do they change
with the age of the typist? These questions were addressed in two studies by examining
time and accuracy of keystrokes in a variety of typinglike activities among typists
ranging in speed from 17 to 104 net words per minute and ranging in age from
19 to 72 years old. Typing skill was related to (a) the temporal consistency of
making the same keystroke, (b) the efficiency of overlapping successive keystrokes,
(c) the speed of alternate-hand tapping, and (d) the number of characters of to-
be-typed text required to maintain a normal rate of typing. Older typists were
slower in tapping rate and in choice reaction time but were not slower in speed of
typing, apparently because they were more sensitive to characters farther in advance
of the currently typed character than young typists.

Although there has been considerable re-
search on typing processes, only a small frac-
tion has addressed the question of what skilled
typists are doing that less skilled ones are not.
The present article focuses on determinants
of typing skill by examining correlates of typ-
ing proficiency in typists whose net rates (sub-
tracting five characters for each error) ranged
from 17 to 104 words per minute (wpm). Vari-
ables included in the analysis were selected on
the basis of results from earlier studies inves-
tigating basic typing phenomena.

Skill Effects
One of the most dramatic findings from

previous research is that the speed of typing
is markedly slowed by reducing the number
of, characters visible in the to-be-typed ma-

The first study was conducted while the author was a
Fellow of the Andrew Norman Institute for Advanced
Study, Andrus Gerontology Center, University of Southern
California. The second study was supported by a grant
from the Research Council of the Graduate School, Uni-
versity of Missouri—Columbia. Preparation of the article
was supported by National Institute of Aging Research
Career Development Award 1 K04 AG00146-01A1 to the
author.

I gratefully acknowledge the valuable comments on an
earlier draft of this article by Don Gentner, and I wish to
thank the typists who kindly donated their time to par-
ticipate in this project.

Requests for reprints should be sent to Timothy A.
Salthouse, Department of Psychology, University of Mis-
souri, Columbia, Missouri 6S211.

terial. Coover (1923) was apparently the first
to report this effect, and it has subsequently
been confirmed by Hershman and Hillix
(1965), Shaffer (1973, 1976), Shaffer and
French (1971), and Shaffer and Hardwick
(1970). Shaffer's (1976) results with a single
skilled typist are typical. The median interkey
interval was 101 ms (approximately 118 gross
wpm) for typing with unlimited preview and
for typing with 8 characters visible to the right
of the to-be-typed character, but was 446 ms
(approximately 27 gross wpm) with only 1
character visible prior to each keystroke.
Clearly, proficient typing is dependent on the
ability to view characters in advance of the
one currently being,typed. Butsch (1932) and
Fuller (1943) reached this same conclusion in
an analysis of eye movements recorded while
subjects were typing. Butsch (1932) also dem-
onstrated that the span between the character
being typed and the character currently being
fixated was positively related to typing skill.
On the average, typists performing at a rate
of 40 wpm had an eye-hand span of 3.96
characters, while 70-wpm typists had an eye-
hand span of 5.93 characters. Across 19 typists
with typing speeds from 35 to 100 wpm, the
correlation between eye-hand span and typing
rate was +.68.

The preceding results, particularly those of
Butsch (1932), suggest that one determinant
of skilled typing is the ability to process char-
acters in advance of the character whose key
is currently being pressed. I examined this
possibility by manipulating the number of
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ure 2 illustrates comparable data from Study
2. Two important points highlight major goals
of the present research. The first is the dramatic
difference in speed between the typing and
choice RT tasks, which ostensibly should in-
volve very similar processes. One goal of the
current research is to explain the discrepancy
between the temporal performance of these
two types of tasks. The second point is that
choice RT increases with increased age,
whereas typing time remains stable. Linear
regression parameters (in ms) were as follows:
Study 1, choice RT = 483.3 + 2.02 years, r =
.460; Study 2, choice RT = 393.4 + 3.74 years,
r = .617; and Study 1, typing time = 187.8 -
0.17 years, r = -.057; Study 2, typing time =
161.0 + 0.25 years, r = .069. Typing perfor-
mance, therefore, appears to be maintained
across the adult life span in these individuals,
whereas "typical" age-related declines are ex-
hibited in choice RT and rate of alternate-
hand tapping (i.e., Study 1, tapping time =

91.6 + 0.82 years, r '= .398; Study 2, tapping
time = 67.8 + 1.34 years, r =. .520). Explaining
how stability in the molar performance is
achieved despite age-related declines in the
hypothetical molecular components is the sec-
ond major goal of the present work.

Preview
Data from the different preview conditions

were analyzed in terms of the percentage of
errors and the three quartile measures. The
median interkey intervals from the fastest and
slowest typists in Study 1 are illustrated in
Figure 3. Both sets of data are typical in that
each subject performed at a rate similar to
that of normal typing with previews of more
than seven characters, but typing rate was
much slower with smaller previews.

The eye-hand span in Study 1 was defined
as the smallest window at which the first quar-
tile was greater than the second quartile of
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Figure 1. Median interkey interval in milliseconds for the normal typing and choice reaction time tasks as
a function of typist age in Study 1. (Each point represents a single typist, and the solid lines illustrate the
regression equations relating interkey interval to age.)



Skill Learning



Reducing Cognitive Decline



Reducing Cognitive Decline

1. Live in Favorable Environmental Circumstances
above-average education
high complexity occupations
above-average income
maintaining intact families





Reducing Cognitive Decline

2. Be involved in activities typical of complex and intellectually
stimulating environments

extensive reading
travel
attending cultural events
continuing education activities
participation in clubs and professional associations



Reducing Cognitive Decline

3. Be married to a spouse with high cognitive status



A few more things…











Conclusions

•All things being equal, assuming you are healthy, your brain is 
fine

•IQ does not show a drastic decline with age.

•Only certain types of memory show declines with aging.

•The ability to learn does not deviate much as we get older.

•There is plenty you can do counter aging deficits.

•Exercise regularly
•Eat properly
•Engage in learning activities
•Stop smoking
•Stay in touch with friends, families, communities


