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Scenario: Change in Cognitive Function

CEES JONKER

It is commonly accepted that aging is accompanied by a decline in cognitive per-
formance. Moreover, many elderly people complain about their memory (Bolla et al.
1991). Studies have demonstrated that these complaints are based on cognitive dys-
functioning (Jonker et al. 1996). Decline in cognitive functioning and subjective com-
plaints about memory are, therefore, phenomena that should not be under-estimat-
ed. They influence the quality of life of older people (Fioravanti et al. 1996), and are
commonly associated with functional disability and a need for institutional care
(Graham et al. 1997). As yet, it is unclear why cognitive functions deteriorate and
which factors determine the rate of decline.

Evolution of cognitive change

Two theories have been proposed, related to the evolution of cognitive changes in
life (Rabbitt 1990). The continuous decline hypothesis states that the decline starts early
in life and gradually continues or accelerates with age. The terminal drop hypothesis
implies that the decline manifests itself abruptly. Terminal drop may occur after a
major event, such as a physical disease, loss of partner, etc. Of course, terminal drop
is more likely to occur in the second half of the life-span, which is characterized by
an increasing number of physical illnesses, and psycho-social changes. Up to now,
research has been almost exclusively based on cross-sectional studies and on com-
parisons of performance between young individuals and elderly people. The results
of this research have suggested that cognitive decline starts at a relatively young age,
and is characterized by gradual decline. However, this may be a biased view. Con-
tinuous decline in cognitive function might partly be an artefact of the older age
groups, in which more individuals show poorer cognitive performance. Moreover,
Salthouse (1987a) has rightly pointed out yet another important observation, which
the standard research models — based on comparisons of performance between
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young and elderly people — have failed to address, i.e. the large variation in the
results of test performances among groups of older people.

This could indicate that older people differ with regard to the age at which the
decline starts, but that there are also differences in the rate of cognitive decline.
Therefore, we do not know which evolution of cognitive change might apply: con-
tinuous decline or terminal drop, or a combination of both.

Age-related difference in cognitive decline

One important observation is that, in aging, not all aspects of cognitive performance
decline to the same extent (Salthouse 1988). Jolles et al. (1995) argue that older peo-
ple have problems with the following: (a) they are less efficient in learning new
information, which results in problems and complaints about memory, (b) their
capacity to plan new activities and to solve complex problems declines remarkably
quickly, and also (c) the attentional processes decline considerably. A comparable
view on the various effects of aging on cognitive performance is held by Cattell
(1963), who distinguishes fluid and cristallized intelligence. The second category
concerns those cognitive processes that are age-independent, such as implicit and
semantic memory. The first category, fluid intelligence, mainly corresponds with the
age-related cognitive processes and activities described by Jolles et al. (1995),

Explanatory models for cognitive deterioration

Central to any understanding of cognitive decline associated with old age is the
question of whether all such cognitive decline is disease-associated and related to
psychosocial factors, or whether it can occur as part of so-called ‘normal’ aging.

Research on cognitive aging has produced various theoretical explanations for
the observed age-differences in cognitive performance. The two most important the-
ories concern the limited processing resources and age-related slowing. The theory of lim-
ited processing resources (Craik and Bird 1982) suggests that the decreased ability of
older people, compared to younger people, to perform cognitive tasks is caused by
a decline in the mental energy needed to perform the purposive cognitive processes
of working memory. Age-differences in cognitive performance decrease if cues are
offered to support older people in storing or remembering topical information. This
would imply that more mental energy would be available for the cognitive process-
es. However, experimental evidence is scarce. One important problem in the verifi-
cation of this hypothesis is the lack of a valid qualitative method for the assess of
cognitive resources.
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Salthouse (1985b) states that age-related decline in cognitive function is the result
of a decline in the speed at which information is processed in the cognitive system.
His theory, age-related slowing of cognitive function, is by far the best documented
and the least challenged theory in the field of aging and cognition, although various
mechanisms have been suggested as causes for slowing down the speed of informa-
tion-processing (Salthouse 1985a). However, even if the elderly are allowed an un-
limited length of time in which to perform tests, age-related differences in cognitive
performance persist. A useful explanatory model for the decline in cognitive func-
tions mentioned above - both theories combined - is in line with both the theory of
Salthouse and the hypothesis of Craik and Bird. In brief, this combined theory im-
plies that each cognitive activity needs resources, which could be time, space or ener-
gy. If resources decline, less capacity is available to process information.

A study by Starr et al. (1997) demonstrated that cognitive decline can not be
attributed to age alone, even in healthy elderly people. Holland and Rabbitt (1991)
reported on the influence of health on various aspects of cognitive functions. Van
den Heuvel et al. (1996) found a modest association between cognition and depres-
sive symptoms. Many authors, e.g. Perlmutter and Nyquist (1990), found that edu-
cation influenced cognitive performance. In addition, environmental factors, such as
physical activity or social participation, may have beneficial effects on cognitive per-
formance (Hulsch et al. 1993, Christensen and Mackinnon 1993, Smits et al. 1995).

Rate of cognitive decline

So far, only a very limited amount of research has addressed the determinants of the
rate at which age-related cognitive processes, in particular so-called fluid intelli-
gence, deteriorate. Whether cognitive aging is an inherent aspect of cerebral biolog-
ical aging, and thus the extent to which psychosocial factors influence the rate of
cognitive decline, is still unclear. Drachman (1983) claims that both genetic and con-
tributary factors can modify the rate of cerebral aging and, as such, this might be an
explanation for the difference in the rate of cognitive decline in older individuals.
Some evidence suggests that genetic factors play a dominant role in cognitive de-
cline at an earlier age, but their influence could decrease with age due to contribu-
tary factors.

Recently (Jolles et al. 1995), the concept of ‘biological life-events’ (BLEs) was pro-
posed to indicate those factors that are related to physical or mental health, experi-
enced at any point in life and thought to be related to brain dysfunctioning, other
than grossly impairing conditions such as dementia and brain trauma. BLEs are
assumed to be factors with potential, but so far unproven, influence on the brain,
such as mild head trauma, multiple operations under general anesthesia, and histo-
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ry of alcohol consumption. Other possible health-related factors which may influ-
ence the rate of cognitive aging are mild hypertension, diabetes mellitus type I,
medication and exposure to neurotoxic factors (Houx and Jolles 1993, Van Boxtel
1997). Such factors might have a long-term impact on cognition and brain function,
without causing any noticable inconvenience to the individual. Elderly people with
a history of BLEs would therefore be susceptible to accelerated cognitive decline,
and may be at greater risk of developing dementia.

Cognitive decline: normal or pathological aging?

There is increasing evidence that a continuum exists between cognitive decline and
dementia (Huppert and Brayne 1994). Moreover, the development of strategies to
prevent or delay the onset of dementia has drawn new attention to the problem of
mild cognitive impairment in the elderly (Graham et al. 1997). Much research effort
to date has been devoted to delineating the borderline between normal cognitive
aging and pathological conditions, such as Alzheimer’s disease. Therefore, when
studying the predictors of cognitive decline in elderly people, it would seem worth-
while to also consider the risk factors (accelerating and protective) which are associ-
ated with Alzheimer’s disease (Writing Committee Lancet Conference 1996).

LASA

The design of the Longitudinal Aging Study Amsterdam (LASA) includes tests for
fluid intelligence, memory and information-processing speed, and various disease-
related and psychosocial variables. LASA therefore provides a very suitable back-
ground to provide more insight into the question of which factors contribute to cog-
nitive decline in older individuals. The model presented below, partly based on risk
factors associated with Alzheimer’s disease, might be considered as a guideline for
the study of determinants of change in cognitive function with aging and factors
which influence the rate of cognitive decline.
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