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Cognitive Decline in 
old age



The definition of "normal cognitive aging" 
includes people who would not meet the 

criteria for dementia or any of the 
varieties of "mild cognitive impairment".

Cognitive Decline in old age

People differ greatly in the degree to which their brains decline 
with age. Identifying the risk factors for cognitive decline and the 
mechanisms of individual differences in age-associated cognitive 
decline is among the greatest challenges to improve the well-
being of older people.



Biological changes can 
lead to damage from…

• oxidative stress

• diminished ability to 
detoxify free radicals

• decline in 
mitochondrial function

• accumulation of 
amyloid-β peptide and 
tau protein

• decrease integrity of 
neuronal membranes

• loss of neurons and 
synapses

• altered metabolic 
functions to cell death.

Cognitive Decline
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Imaging studies - changes with 
healthy aging occurs in frontal 
regions. But – correlated with 
poor cognitive performance are….  

• whole brain- white 
matter volume, 

• prefrontal cortex

• hippocampus

• sub cortical regions 
(thalamus, putamen, 
caudate, nucleus 
accumbens) 

• parietal and temporal 
lobe volume

• ventricular expansion



Cognitive Decline

These changes 
may be related 

to gender. 

In men, the 
frontal and 

temporal lobes 
are the most 

affected.

Whereas in 
women is the 
hippocampus 
and parietal 

lobes. 

The reduction 
in dopamine 

and 
acetylcholine 
seems to be 
related with 
difficulties in 
planning and 
small declines 

in memory, 
respectively. 

Over time, some cognitive abilities stabilize and other 
may even increase. The fluid abilities are the most 

affected cognitive abilities by advancing of age.



Cognitive Decline

• episodic memory

• attention

• verbal fluency

• processing speed

• explicit memory

• executive functions

• working memory 

• Language

Significant changes in 
cognition can occur in 
multiple domains

• crystallized intelligence 
• emotion regulation 
• semantic memory can remain stable throughout the life trajectory 

or, in some cases, develop with age. 

Another important 
consideration is that 
some aspects of 
cognition remains 
stable, or even 
improves, across 
lifetime 

Relatively spared until late in life are knowledge-based verbal abilities and verbal 
production, implicit memory and autobiographical memory 



Cognitive Decline

Life-course perspective - a 
continuum between cognitive 
deficits, childhood IQ and brain 
cortical thickness, which may 
be a predictor of a successful 
cognitive aging and also reduce 
the chance of developing 
vascular dementia.

Education and 
brain volume are 

measures of 
cognitive reserve 

and predict slower 
progression to 

cognitive decline. 

But it’s not that simply – we are all different. 



Concerns about memory and ageing 

Losing things – not remembering where you put something

Senior 
moment 



Early research on memory decline

Verbal learning paradigms (Willoughby, 
1929) - gradual age-related differences in 
incidental memory for digit–symbol pairs

Ruch (1934) – intentional paired-associate 
learning paradigm - adults aged 60–82 years 
exhibited worse memory than adults aged 
34–59 years, and that 12- to 17-year-olds 

displayed the best performance.

Memory effects associated with age were 
larger when participants were asked to recall 

a list of words, compared with recognising 
them (e.g., Schonfield, 1965; Smith, 1977).



Memory
Sensory memory 
More fleeting in older adults –but 
because this store holds information 
so briefly it is hard to compare 
younger with older adults 
(Botwinick, 1984).

STM
Working memory is reduced in older 
adulthood. The more complex the 
mental manipulations, the more 
difficulty older adults will 
experience.

LTM
Procedural memory – older adults 
may be slower than younger adults 
in recovering these memories but, 
given a little more time, they are just 
as capable as younger adults.

LTM
Semantic memory – older 
adults do not differ from 
younger adults in the 
content or organisation of 
linguistic knowledge in their 
semantic store (Wingfield, 
1995). Although word-
finding differs = tip of the 
tongue experiences 
(Kemper, 2004).

Episodic memory – actions 
and activities - where we 
put the keys etc. differs 
between older and younger 
adults. Better for motor 
activities than cognitive 
activities (Kausler, 1994). 



Working Memory
Reliant on prefrontal cortex…a region that undergoes cell shrinkage & cell 

loss with age

Young adult Older adult



Working Memory & Processing Speed

Somewhat slower on “simple 
associative” tasks (e.g., hitting 
brakes in response to red light) 

Even more pronounced slowing on 
“complex choice” tasks (e.g., deciding 
whether to accelerate or brake at a yellow 
light)

T. Salthouse

Working memory 
declines with aging 

because of reductions 
in processing speed

Aging results in slowing 
of reaction time (the 
time it takes to respond 
to an event)



Aging & Long-Term Memory

Less activity in the hippocampus 
when older adults are trying to 
learn pictures than when young 

adults are trying to learn

May be connected to inefficient 
storage of the information in 

older adults

R. Buckner, S. Corkin, D. Park, R. Sperling



Long-Term Memory
Must RETRIEVE

information (e.g., 
people’s names)

Better when 
“cues” are given 

(select names from 
among 

alternatives) than 
when must 

generate the cues

Much better when 
no similar, 
interfering 

information

The loss of cells in 
the hippocampus 
means that there 
tends to be more 

overlap in the 
cells representing 

different 
memories, 

causing more 
interference

Also means that 
fewer cells may 
represent each 

memory, making 
memories less 
“rich” and less 

resilient



Aging & Long-Term Memory

Aging enhances the ability to 
remember information that is 

emotionally positive and 
personally relevant

Aging helps people use their 
memories for directive 

purposes: to reflect on their 
sense of self and on their 

relationships with close others, 
or to regulate their emotions.

L. Carstensen, M. Mather, A. Gutchess, T. Hess 

On the plus side, this may make it easier for older 
adults to extract commonalities among experiences, to 
see the “whole picture” rather than just the details



Remote Memory & Semantic Memory

Over time, memory is no 
longer dependent on the 

hippocampus

Instead, the 
surrounding cortical 
regions become able 

to support the 
memory

These memories tend 
to be more resilient, 
and are less affected 

by brain damage, 
aging, or the initial 

stages of Alzheimer’s 
disease

L. Nadel, M. Moscovitch

Lots and lots of repetition 

spread out over many 

years causes this transition

Remote memory - ability to remember things 
that happened years ago



Semantic Memory

• There was a 
specific time 
when you 
learned that 
the Eiffle
Tower was in 
France

• … but most 
of you 
probably 
cannot tell 
me when 
that was 

No 
longer 

contains 
details 
about 

the time
and 

place in 
which 

the 
learning 
occurred

Reliant on the 
temporal lobe 

cortex 

This region is 
preserved with 

aging

Older adults tend to have 
much better semantic 
memory than young 

adults (perform better on 
tasks of vocabulary & 

world knowledge)



Speed of Processing

James Birren -
participants showed 
increasingly slower 

processing time (Birren, 
1965 - slowed processing 
speed was a fundamental 
mechanism that governed 

many age deficits, 
including memory.

John Cerella - slowing 
resulted from deletion of 

random links in the 
memory network, which 

created longer, more 
circuit-like memory 

processing paths (Cerella, 
1990). 

Timothy Salthouse - older adults 
are deficient in two important 
mechanisms that account for 

age-related differences in 
attention, memory, and 

reasoning (Salthouse, 1996). 

1. A limited time mechanism – difficulty 
performing higher level operations (takes 
longer to process)

2. Simultaneous mechanisms – hard doing 
more than one thing at a time (holding 
things in mind) 



Working Memory & Processing Speed

• Fred walks up to a store counter with 3 packs of sweets, each 

costing 50p.  

• He gives the sales clerk £5.  

• Because the clerk is out of pound coins, she gives Fred his 

change in 50p coins.  

• How many 50p coins does Fred receive from the sales clerk?

If it takes you longer to 

process “Fred walks up to a 

store counter with 3 packs of 

sweets”, you may miss that 

they each cost 50p.

If it takes you longer to 

multiply 3 by 50, you may 

have already forgotten that 

he gave the clerk £5.

Processing speed can affect the ability to hold information in mind, because by 
the time one part of a problem has been completed, other aspects of the 

problem may have been forgotten.



The Processing Resource Model

Craik and Lockhart (172) -
levels of processing theory of 

memory 

The quality of the encoding -
not the time on task—best 

predicted memory. 

Guiding participants to engage 
in deep semantic processing 

resulted in memory recall 

The inefficiency of older adults 
spontaneously performing 

higher-level encoding strategies 
was termed the production 
deficit hypothesis (Kausler, 

1970). 

If, however, older adults were 
guided to process meaning and 
engage in elaborative encoding, 

memory could be repaired to 
be more similar to that of 

younger adults.



Memory Decline

Effortful memories are more likely to decline than those requiring less effort

Craik (1983) – environmental support hypothesis

• tasks requiring less effortful processing are well preserved with age because 
performance is supported by elements in the test environment

• e.g., recognition tests provide memory items themselves – no need to 
generate the item from memory – only assess its familiarity = less work



Attention 

• Attention is a heterogeneous (diverse) function that plays a 
pivotal role in information processing and in the 
functioning of complex cognitive abilities 

After 50yrs 
reduction in 

attention span

Task specific – e.g. 
selective tasks for 

spatial tasks –
conserved 

(posterior – spatial)

Gender – male 
better on 

spatial/maths; 
females on verbal-

lifespan diffs? 

Easy vs. hard tasks



Successful aging and cognition

make information 
meaningful and self-

relevant

• maintain mental 
flexibility

• maintain 
expertise/educati
on

use it or 
lose it 

“chunk” 
information 
(think of 4 
numbers 

together as a 
date): 1 9 3 7 1 8 

2 4

organize 
informati

on 

eliminate 
distractions

reduce 
attention 
demands

Lifestyle-Cognition 
Hypothesis (sport 
trauma/smoking)

Cognitive 
Reserve

Cognitive 
Retraining

Diet and 
exercise



Risk factors: cog decline 



Risk factors: dementia

https://www.alzheimersanddementia.com/article/S1552-5260(15)00197-1/pdf

https://www.alzheimersanddementia.com/article/S1552-5260(15)00197-1/pdf


Limitations in cognitive decline studies

Small samples of convenience - lessen the validity the statistics 

latent variables are commonly reported

group data poorly replicates the information about the individual patient, 

clinical groups with heterogeneous (diverse)characteristics, 

reduced construct validity of the neuropsychological tests (measuring more than 
one cognitive function), 

short follow-up, 

the possibility of undiagnosed the stage of pathological cognitive impairment or 
reverse causation are present. 



Cognitive Decline

Not all cognitive function decline in old age

Not all memories decline in old age

Use it or lose it

There are clear links 
between cognitive decline, 

MCI and dementia



• Please watch this

• https://youtu.be/NcFdAVrYfns

https://youtu.be/NcFdAVrYfns
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