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Population aging and entry of the ‘baby-boom’
population into their senior years will place
unprecedented demands on Canadian health services.
The numbers speak for themselves. Currently, 16.9% of
Canadians (5.2 million) are aged 60 or greater [1], but
by the year 2026 it is estimated that 28.5% of the
population (10.3 million) will be in this age range, with
3.4 million individuals being 75 years of age or older
(Figure 1). By contrast, projections of the population
aged 40 years or less are reasonably flat or even
declining (from 17 million in 2001 to 16.3 million in
2026) such that this age group currently represents
54.8% of the population, but will only represent 45.1%
by 2026. This shift to an older population will mean that
prevalence of the major age-related chronic diseases
will grow exponentially, if mechanisms to reduce risk
are not successfully put into place. For example, we
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Figure 1

Projected changes in the percentage of senior adults
(>60 years of age) in the Canadian population from 2001
to 2026. Data extracted from Statistics Canada [1].
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reported an anticipated increase in hip fracture
incidence from 17,823 proximal femoral fractures in
1993-94 to an estimated 88,124 fractures in 2041, were
there no improvements in hip fracture prevention in the
intervening years [2]. Our projections are similar to
those for other age-related diseases, all of which
primarily reflect the impact of population aging.
Clearly, efforts need to be directed towards identifying
major, modifiable, lifestyle characteristics contributing
to disease risk and ensuring appropriate policies,
practices and educational programs are in place to
enable our current adult population to undertake these
modifications. These efforts would target the
approximate 8.8 million Canadians currently between
the ages of 40 and 60, who will largely represent the
senior population by 2026.

While nutrition is well recognized as one of the lifestyle
characteristics linked to many chronic diseases,
including osteoporosis, cancer, diabetes mellitus (DM)
and cardiovascular disease (CVD), less well recognized
is the fact that diet may also contribute to cognitive
decline with aging (cognitive being defined as
conscious awareness). Present data suggest that both
marginal intakes of micronutrients (vitamins and
minerals) and chronic dietary practices associated with
CVD and type 2 DM risk can have detrimental effects on
memory function. Itis likely that pathophysiologic
events associated with CVD and type 2 DM contribute
to cognitive deficits, thus providing an important
linkage amongst these age-associated diseases. These
emerging associations place increased importance on
risk reduction for CVD and type 2 DM, with the hopes of
delaying or reducing age-related cognitive deficits.
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Studies on the association between micronutrient status and
cognitive performance have been confined to the senior
population, with evidence pointing to the fact that those seniors
with the lowest intake and/or blood levels of certain
micronutrients (riboflavin, ascorbate, folate, vitamin B-12)
demonstrate poorer cognitive performance in comparison to
better nourished seniors. While these associations were first
reported in the early 1980 [3], they were subsequently
reproduced in other North American and European studies (see
[4,5] for more detailed discussion). A striking feature of this
work is that subjects are generally confined to healthy, free-
living and medication-free individuals, none of whom
demonstrate clinical signs of nutrient deficiency that are
considered markers for malnutrition. For example, one study of
healthy Bostonian males revealed that individuals with low
blood levels of folate and B-12 (and corresponding increases in
blood homocysteine levels) were clearly impaired on certain
cognitive tasks [6], with some subjects performing at a level
associated with early stages of Alzheimer’s Disease. Importantly,
while these individuals’ plasma measures were low, they were
not considered abnormally low or clinically significant according
to current standards. Similar associations between low serum
folate, dementia and depression were observed in subjects
participating in the Canadian Study of Health and Aging[7], in
part demonstrating the generalizability of these associations.

In a six-year follow-up of the subjects tested in the Goodwin et
al study [3], the associations between vitamin intake and
cognitive performance persisted [8]. More importantly, due to
the longitudinal nature of this study, the investigators were able
to probe whether current or past nutrient intakes were better
predictors of cognitive scores. In general, the relationships
between the water soluble vitamins (ascorbate, thiamin,
riboflavin, folate) were associated with current intake and/or
blood levels, while those for the antioxidant nutrients, especially
vitamin E, were more attributable to past intake. These data
suggest different mechanisms may be driving the relationships
observed and intervention at all stages of adulthood may be

of relevance.

While the preceding information associates poor nutritional
status with poor cognitive function, it is essential to understand
that cause and effect has not been established. Whether poor
nutritional status results in cognitive decline or, alternatively,
whether those with cognitive deficits progressively lose the
ability to choose high quality diets, has not been unequivocally
determined. Nor is it known whether nutritional supplementation
during adulthood will minimize or reverse cognitive deficits
associated with poor dietary quality. Intervention trials will be a
first step in determining causality and examining issues
surrounding reversibility. During the intervening period,
however, it would be wise to ensure that all individuals are
adequately nourished with respect to micronutrients. Clearly, no
harm or risk is anticipated and benefits may well extend to many
health areas, including cognitive function.

It is equally important to place the association between
micronutrient intake and cognitive performance in the broader
context of dietary practices. Marginal vitamin and mineral
intakes are usually indicative of a diet low in fruit and vegetables
and consequently can be a surrogate marker of poor overall diet
quality. Indeed, some studies have attempted to relate cognitive
function to food choice and observe the anticipated relationships.

For example, the Folstein Mini-Mental State Examination
(MMSE) and the Pfeiffer’s Mental Status Questionnaire (PMSQ)
were used to classify community-dwelling seniors without signs
of clinical dementia as having either low or adequate cognitive
performance and to explore the association between mental
status and food choice [4]. Those with low MMSE or PMSQ
scores also had the lowest intakes of fruit, vegetables and
overall energy, and the highest intakes of cholesterol, and
monounsaturated and saturated fatty acids. Notably, it is exactly
this same dietary profile that encompasses the dietary risk
factors associated with other age-associated chronic diseases,
including CVD and type 2 DM.

Various mechanisms to support a diet and behavior relationship
have been proposed and some relate to maintenance of
cerebrovascular health, as cerebrovascular lesions are known to
contribute to cognitive impairment. CVD and cognitive
impairment share common risk factors, including elevated blood
pressure and cholesterol. This relationship may be linked via the
risk for cerebral white matter lesions, which are common in the
elderly, increased in those with CVD and associated with poorer
scores on tests of cognitive function. Furthermore, CVD lesions
may impair brain nutrient uptake, thereby limiting substrate
supply to maintain neuronal metabolism (discussed in [4]).

This relationship between CVD and cognitive decline may also
explain some of the cognitive benefits associated with
antioxidant and folate intakes (discussed in[5]). Free radical
damage is implicated in both nerve cell and vascular damage.
Consequently, antioxidant exposure may minimize and/or
prevent these early events in disease progression. This
argument is consistent with the fact that past, rather than
current, intake of vitamin E is a better predictor of scores on
cognitive tests. By contrast, dietary inadequacy of folate,
resulting in elevated blood levels of homocysteine, has been
associated with early vascular damage and events leading to
arterial diseases. Since fruit and vegetables contain not only
folate, but also many polyphenolic compounds with antioxidant
activity, the link between fruit and vegetable intake and
cognitive scores may go beyond the simple consumption of
traditional vitamins and minerals.

Collectively, evidence suggests that CVD and cognitive
impairment share common risk factors, including poor dietary
practices. Incipient vascular damage can both restrict brain
substrate delivery and result in cerebral white matter lesions.
While major vascular events are generally clinically recognized,
of concern is the fact that many seniors will experience minor,
‘silent’ vascular events that may promote white matter lesions,
but will go unrecognized.

While it has been long recognized that adults with type 2 DM are
more likely to experience cognitive deficits, it was generally felt
that this was secondary to cardio-vascular pathologies prevalent
in the DM population. However, more recent, large scale
epidemiological studies provide compelling data implicating
type 2 DM as an independent risk factor for cognitive decline
and suggest that adults with type 2 DM have twice the risk of
developing dementias, including Alzheimer’s Disease [9,10].
Importantly, intervention trials demonstrate enhanced cognitive
performance associated with improved glycemic control,



g multiple medications
and experiencing loss of at least one sense [18-20]. Although a
variety of social support services are available for such
individuals, there is a problem in identifying those at risk and
linking them with the appropriate support services. Indeed,
many high-risk seniors attempting to live independently in the
community have profiles of intakes — low intakes of fruit and
vegetables - that are related to poor cognitive performance.

A practical question is whether the use of nutrient supplements
is likely to be useful. Many of the studies reviewed above
provide evidence that those individuals using supplements also
have good cognitive performance. Nevertheless, the protective
effects of supplements cannot be tested in these studies, since
most reports suggest that those individuals who use
supplements have higher quality diets than those who do not.
Consequently, the ability of a supplement to overcome an
underlying poor quality diet is unknown. However, the upward
trend in nutrient recommendations for seniors would place
these recommendations within a range where it is unlikely that
an older person would receive this level of intake from diet

Evidence is accumulating that diet can impact cognitive
performance in seniors and that attention needs to be paid to
both the diet consumed during younger adult years as well as
the diet consumed during the seniors years. Poor dietary
practices during adulthood can contribute to cognitive decline,
with linkages to both CVD and type 2 DM now being proposed.
In contrast, nutrient deficiencies associated with present diet
may be particularly relevant to seniors. Increased public
awareness of lifestyle practices that increase risk of age-related
chronic diseases and their combined contribution to cognitive
impairment in senior years is necessary.



