Chapter 17
B Vitamins Influence Vascular Cognitive Impairment

Tammy M. Scott, Kristen E. D’Anci, and Irwin H. Rosenberg

Key Points

e Cognitive decline in aging is associated with small vessel abnormalities and nutritional status,
notably with folate, vitamin B12 and with elevated homocysteine.

e Homocysteine levels can be lowered through nutritional supplementation with B vitamins including
folic acid, vitamin B12, and vitamin B6.

* Blood levels of folate are more strongly associated with cognitive function.

e Intervention trials with B vitamins have shown mixed findings with respect to cognitive
performance.

* Supplementation with adequate doses of B vitamins appears to be effective in preventing cognitive
decline in individuals with low nutrient intake and status.
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Introduction

As the number of elderly in the USA and globally continues to increase, age-related neurological
disorders, such as Alzheimer’s disease and vascular dementia, are a growing concern. The loss of
memory, emotional changes, and impairments in general cognitive functioning frequently result in
social isolation, loss of independence, and institutionalization. However, cognitive decline is not an
inevitable consequence of growing old. Indeed, although some forms of cognitive disorders may have
a genetic component, cognitive decline is also influenced by nutritional factors and may be secondary
to nutritionally mediated conditions such as diabetes or vascular disease. As such, there is a strong
need to identify modifiable nutritional factors that regulate the proper maintenance of brain function
to facilitate healthy aging.
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The relationship between diet and vascular disease is well established. The nutritional foundation
of cardiovascular disease prevention is a diet high in fruits and vegetables and fiber and low in satu-
rated fat. One of the prevailing risk factors for cardio- and cerebrovascular disease is elevated blood
levels of homocysteine. Plasma homocysteine may be considered a functional indicator of B vitamin
status, including that of folate and vitamin B12 and, to a lesser extent, vitamin B6. High plasma
homocysteine concentrations can be largely attributed to inadequate status of these vitamins [1]. Data
from several laboratories indicate that plasma homocysteine increases with age independent of
vitamin status and that hyperhomocysteinemia is highly prevalent in the elderly. Several studies have
shown consistent and strong relationships between homocysteine concentration, heart disease, and
other vascular outcomes including cerebrovascular disease [2, 3].

Vascular Cognitive Impairment and Dementia

Individuals at high risk for vascular disease are also at greater risk for cognitive decline [4]. Vascular
cognitive impairment ranges in severity from subtle neuropsychological deficits to frank dementia
and frequently coexists with and possibly contributes to other neurodegenerative conditions such as
Alzheimer’s disease [5]. Where memory loss is often the first clinical indication of Alzheimer’s
disease, loss of executive function—the cognitive domain that includes planning, cognitive flexibil-
ity, and inhibition of inappropriate actions—may be a marker for vascular cognitive impairment or
dementia [6]. Epidemiological studies have shown that while case-mortality of stroke has decreased
over the past three decades, the rate of stroke has not changed significantly over time, and the risk of
dementia after stroke has increased substantially [7]. Better understanding of potentially modifiable
risk factors for vascular disease can aid in developing long-term intervention strategies for control-
ling or preventing the cognitive dysfunction attributable to large and small vessel cerebrovascular
disease [4].

There is some evidence that small vessel disease is the most common cause of vascular cognitive
impairment [8]. The presence of silent brain infarcts on MRI increases the risk of dementia and predicts
a steeper decline in cognitive function [9]. White matter hyperintensities (WMHI), which are also
thought to primarily reflect small vessel disease, have been shown to be associated with cognitive
impairment [8], although this finding is not always consistent [10]. Mild to moderate elevation of
plasma homocysteine concentration has been implicated as a risk factor for cardiovascular disease [11],
stroke [12], dementia [13], and cognitive impairment [14—16]. While research had initially focused on
the relationship between homocysteine, atherosclerosis, and large vessel disease [12], some have sug-
gested that homocysteine is a greater risk factor for small vessel disease as opposed to other subtypes
of stroke [16—19]. Not all studies, however, have been able to confirm this finding [20]. While the
mechanisms underlying small vessel disease are not entirely clear, chronic endothelial dysfunction
may play a role. Homocysteine has been found to be toxic to the endothelium both in vitro [21] and
in vivo [18], giving biological plausibility for a role as an independent risk factor. In a study by Pavlovic
and colleagues [22] homocysteine levels were strongly associated with cognitive and functional status
and the severity of WMHI in patients with cerebral small vessel disease.

B Vitamins, Homocysteine, and Brain Function

Possible biochemical interpretations of the putative effects of low B vitamin status and high homocysteine
on cognitive decline can be made on the basis of one-carbon metabolism (Fig. 17.1). Folate serves as
a carrier of one-carbon groups for the methylation cycle. In this cycle, methionine with its available



17 B Vitamins Influence Vascular Cognitive Impairment

311

ATP Pi + PPi
S Methionine S-Adenosyl-
TH, - m‘ methionine X
M th- : = 7
sf/ntlf()):g;e | Methyltransferase
5-Methy| TH4 - m. Homocysteine S-Adenosyl- Methyl'x

W homocysteine

Adenosine

v

Cystathionine

v

Cysteine

Fig. 17.1 Use of S-adenosylmethionine as the methyl donor for biological methylation reactions results in the
formation of S-adenosylhomocysteine. Homocysteine is formed from the hydrolysis of S-adenosylhomocysteine.
Homocysteine may be remethylated to form methionine by a folate-dependent reaction that is catalyzed by methio-
nine synthase, a vitamin B12-dependent enzyme. Alternately, homocysteine may be metabolized to cysteine in
reactions catalyzed by two vitamin B6-dependent enzymes (Adapted from [27])

methyl group is activated by adenosine triphosphate to form S-adenosylmethionine, which is the uni-
versal methyl donor in a multitude of methyl transfer reactions including many that are of vital impor-
tance to central nervous function. Through the transfer of its methyl group, S-adenosylmethionine is
converted to S-adenosylhomocysteine, which is hydrolyzed to homocysteine. Homocysteine can
regenerate methionine for an additional methylation cycle by acquiring a new methyl group from
methyl tetrahydrofolate in a reaction that is catalyzed in all tissues by vitamin B 12-requiring methio-
nine synthase [23]. Excess intracellular homocysteine can also be removed from the methylation
pathway by conversion to cystathionine in the trans-sulfuration pathway or through export into circu-
lation [23]. It has been proposed that cognitive impairment in the elderly is due in part to vasotoxic
effects of homocysteine and/or to impaired methylation reactions in brain tissue [24]. While it has yet
to be determined if hyperhomocysteinemia is a cause of vascular disease or indicative of some other
physiological change leading to vascular damage, current data demonstrate that homocysteine is
strongly associated with cognitive dysfunction in aging [14, 25, 26].

B Vitamin Deficiency and Cognitive Impairment

It has long been known that severe deficiency of vitamins such as niacin, vitamin B12, and thiamine
causes cognitive impairment [2] and that replacement of deficient nutrients can prevent or ameliorate
those forms of cognitive impairment that are caused by deficiency (i.e., [28]). While more severe
vitamin deficiencies or congenital defects are not common in the USA, these milder subclinical B
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vitamin deficiencies are prevalent in the elderly [14, 29, 30]. Decreased intestinal absorption and poor
appetite contribute to these subclinical deficiencies. Studies suggest that even moderately low or sub-
clinical levels of B vitamins are associated with cognitive impairment, dementia, and other psychiatric
disorders [31-33].

Extensive research supports the hypothesis that B vitamin deficiencies moderate cognitive brain
functioning through effects on cerebrovascular health, DNA synthesis, and neurotransmitter metabolism
[2, 34]. Vitamin B12 and folate are closely linked in the methylation process, such that a B12 deficiency
can lead to a secondary folate deficiency through a decrease in the retention of folate. It is proposed that
low levels of B12 are linked with peripheral neuropathy and subacute combined degeneration of the
spinal cord, whereas folate may have more of a role in cognition and mood, perhaps through effects on
serotonin, dopamine, and noradrenergic systems [34, 35].

Dietary B Vitamins and Cognition

In a seminal study, healthy, independently living elderly individuals with subclinical malnutrition
(i.e., low dietary intake of protein and selected vitamins including vitamin B12) scored lower on tests
of verbal memory and nonverbal abstract reasoning than did their peers with normal intake [36].
However, subsequent studies have yielded conflicting results with respect to nutrient intake and cogni-
tive function. In a prospective cohort study [37] examining the relation between nutritional intake and
daily functioning, dietary intakes were not associated with a change in functional decline over a
6-month period in nursing home residents. In a retrospective case—control study [38] comparing
patients with Alzheimer’s disease with healthy controls, cases and controls were asked to recall their
past food consumption using a food-frequency questionnaire during three age periods: 20-39, 40-59,
and 60 or more years of age. It was found that those with Alzheimer’s disease had lower mean dietary
intakes of vitamin B6 and folate than controls in the over-60 age group, but not in younger age groups.
However, there was no relationship between either folate intake and homocysteine levels or homocys-
teine levels and cognitive status. Finally, adding to the complexity of these findings, some research
[39] shows a slower decline in cognitive test performance over a 6-year period in subjects with high
vitamin B12 intake but faster decline among subjects with a high folate intake (>400 pg/day) from
either food sources or supplements.

B Vitamin Blood Level Associations with Cognition and Dementia

Poor B vitamin status and/or high homocysteine is associated with poorer cognitive performance
[15,40-43]. Previous studies have found that patients with dementia, especially those with Alzheimer’s
disease, have lower serum concentrations of B vitamins [14, 44, 45]; moreover, serum levels of these
micronutrients are associated with the severity of the disease [46]. Several cross-sectional studies
have found that patients with Alzheimer’s dementia had significantly higher levels of serum total
homocysteine than did age-matched hospitalized controls [34, 47] and healthy community-dwelling
elderly individuals [47, 48]. In a longitudinal study, higher levels of homocysteine in Alzheimer’s
patients were associated with greater progression of hippocampal atrophy as measured by medial
temporal lobe thickness, as well as a similar trend in Mini Mental State Evaluation score decline [49].
More recent studies have found inconsistent results with respect to the predictive value of high homo-
cysteine or low B vitamin status and cognitive performance in the elderly [50, 51].
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Vitamin B12

A number of studies have investigated a potential correlation between serum vitamin B12 levels and
cognitive function or diagnosis of several types of dementia and cognitive impairment [52]. Most of
these studies have focused on Alzheimer’s disease. Based on longitudinal studies, serum vitamin B12
levels did not affect the risk of developing Alzheimer’s disease or dementia. The existing evidence
from studies that implemented a cognitive function assessment instrument did not support any corre-
lation between serum vitamin B12 levels and cognitive function. Among cross-sectional studies, there
was a tendency for vitamin B12 serum levels to be lower in patients with Alzheimer’s disease or other
types of dementia, which in certain studies reached statistical significance. However, this trend was
not consistent. Finally, an inverse relationship between vitamin B12 levels and duration of Alzheimer’s
disease has been reported. In general, evidence from longitudinal cohort and case—control studies sug-
gests that there is no significant association between blood concentrations or the dietary intake of
vitamin B12 and cognitive test performance or the progression of Alzheimer’s disease. Although
some studies reported higher vitamin B12 blood concentrations to be associated with better cogni-
tive test performance, no consistent pattern of association with a particular cognitive domain has
been reported.

Folate

With respect to folate, Miller and colleagues [53] showed that blood folate levels are predictive of
homocysteine levels. Elevated homocysteine levels, in turn, are associated with poorer performance
on several cognitive tasks. In this study, however, there was no clear relationship between folate status
and cognitive performance. Teunissen and colleagues [54] found that serum levels of homocysteine
were negatively correlated with verbal learning and memory at baseline testing only, whereas higher
serum folate levels were associated with better delayed recall performance. Elevated homocysteine
was associated with poorer functioning on several cognitive tasks looking at immediate recall, atten-
tion, and performance during a 6-year follow-up period and there were no further associations with
folate status. Morris and colleagues [42, 55] reported similar findings with respect to folate and recall.
Folate status was positively correlated with recall performance. Moreover, elevated levels of homo-
cysteine were associated with poor recall. When looking at folate and homocysteine levels, low folate
levels in combination with higher levels of homocysteine (above the 80th percentile) were associated
with significantly poorer performance than low folate or lower homocysteine levels alone [55].

Recent research shows an association with folate levels and mild cognitive impairment (MCI) and
some forms of dementia. In these studies, people with the lowest serum levels of folate were at greater
risk for Alzheimer’s disease, MCI, and dementia. Snowdon and coworkers [46] examined atrophy in
the brains of deceased nuns with Alzheimer’s disease and compared these data with serum folate
levels that had been determined earlier in the nuns’ lives. They found an inverse relationship between
folate status and severity of atrophy. This effect was seen even in participants without significant athero-
sclerosis or brain infarcts, suggesting further that the role of folate is not limited to its relationship
with homocysteine and homocysteine’s putative vascular effects. While there is abundant evidence to
indicate an association between folate status and the development or progression of cognitive decline
or dementia, a causative role is not clear-cut. On the one hand, some data suggest that folate inade-
quacy precedes onset of cognitive impairment or dementia. On the other hand, there is evidence to
suggest that dietary intakes of folate are lower in people with Alzheimer’s disease. In contrast to the
data on vitamin B12, the majority of studies evaluating blood folate concentrations reported a positive
association between low folate levels and poor cognitive test performance.
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Fortification with Folic Acid and Cerebrovascular Effects

A number of countries have instituted mandatory folic acid fortification of wheat flour and cereal
grains, with the aim of reducing neural tube defects in developing fetuses. Fortification has not been
implemented in many countries, particularly in Europe, due in part to concerns about the potential for
high levels of folic acid intake to exacerbate the neurological consequences of a vitamin B12 defi-
ciency. Indeed, some of the research discussed in this chapter suggests that high levels of folate or
folic acid in people with low vitamin B12 status have negative effects on memory and cognition.
However, in the USA, since the initiation of fortification, positive effects have been seen with respect
to increased blood folate levels and reduced homocysteine levels [56-58]. As described above, homo-
cysteine levels are associated with severity of cerebrovascular disease, including stroke and cerebral
atherosclerosis. Furthermore, low folate and high homocysteine are known risk factors for vascular
disease, and population-wide reduction of these risk factors may be proposed to reduce incidence of
vascular disease, stroke, and subsequent vascular dementia. Supporting this proposal, there has been
a reduction in cardiovascular and stroke mortality in the USA and Canada since the introduction of
folic acid fortification [59]. It remains to be seen whether folic acid fortification is associated with a
change in the incidence of vascular dementia and cognitive decline.

Intervention Trials with B Vitamins

High-dose supplementation with B vitamins, particularly in combination, can decrease homocysteine
levels, but the effects on cognition are not clear-cut and the results of intervention trials vary [60].
A study of high-dose supplementation with a combination of vitamins B12, B6, and folic acid in mild
to moderate Alzheimer’s disease found no effect on cognitive decline over 18 months [61]. A few stud-
ies have shown worsening of cognitive functioning following B vitamin intervention [62—-64]. Others,
however, have shown benefit. In a study of community dwelling elders, homocysteine lowering with
800 pg daily oral folic acid for 3 years had a beneficial effect on memory, information processing
speed, and sensorimotor speed [65]. A recent study has also shown that homocysteine lowering with
vitamins B6, B12, and folic acid was efficacious in slowing the rate of brain atrophy and cognitive
decline in those individuals with amnestic or non-amnestic MCI [66, 67].

There is some evidence that the effect of B vitamin supplementation on cognitive function may
depend on nutritional status at baseline. For example, Bryan and colleagues [68] provided women
with 750 pg folate for 35 days and conducted cognitive and mood tests pre- and post-supplementation.
They found that folate significantly improved performance in a speed-of-processing task for women
with initially lower folate levels. In younger women, they found that folate significantly enhanced
recall for those with initially lower folate levels. However, the effects of folate supplementation were
not consistent across the study or across different age groups. In a trial of B vitamin supplementa-
tion in women with or at risk for cardiovascular disease, the results showed no B vitamin supple-
mentation on cognition in women with sufficient dietary intake of B vitamins at baseline, but found that
supplementation appeared to preserve cognition among women with low baseline dietary intake [69].

In older adults with cognitive decline, baseline nutrient status or plasma total homocysteine con-
centrations may also modify the effects of B vitamin supplementation. In a 1997 study by Fioravanti
et al. [70], 30 older adults with “abnormal cognitive decline” and folate levels below 3 ng/mL were
supplemented with folic acid for 60 days. Their results showed significant improvement in memory
and attention efficiency when compared with a placebo group, and found that the degree of improvement
in memory was positively correlated with baseline severity of folate deficiency. Nilsson and colleagues
[71] studied vitamin B12 and folic acid supplementation in older patients with mild-to-moderate
dementia. Performance on cognitive tasks was measured before and after 2 months supplementation
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with 5 mg/day folic acid and 1 mg/day cyanocobalamin. They found that in patients with elevated
homocysteine, vitamin supplementation decreased homocysteine levels and patients improved on
measures of attention, memory, and orientation. Similarly, de Jager and her colleagues [67] evaluated
the efficacy of homocysteine lowering with B vitamins on cognitive function in individuals with
MCI. While there was an overall treatment effect for executive function, there was an interaction with
baseline plasma total homocysteine where those participants with homocysteine levels above
11.3 pmol/L and in the active treatment group had significant benefit in global cognition, episodic
memory, and semantic memory. The same study showed a similar interaction between treatment and
baseline homocysteine status in the MRI measurement of loss of gray matter over 2 years [72].

There are several considerations in interpreting the findings on vitamin supplementation and cogni-
tion. First, as outlined above, the relationship between baseline nutrient status and homocysteine status
should be considered. Second, there is no standard dose of vitamin or duration of treatments that is
recommended for this type of trial. Third, many trials may have had too few participants to sufficiently
determine an effect on cognitive performance. Finally, in people with dementia or other cognitive
impairment, the severity of impairment alone is of importance. For example, Nilsson and colleagues
[71] excluded severely demented patients from their study because the patients were unable to complete
testing either before or after supplementation. As a correlative, the ability of vitamin supplementation to
offset existing cognitive decline is somewhat dependent upon the duration and consequent irreversibility
of cognitive decline.

Conclusions

The evidence for an association between elevated plasma homocysteine and cognitive dysfunction is
compelling. Elevated plasma total homocysteine has been reproducibly linked to diseases of the aging
brain including subtle age-related cognitive decline, cerebrovascular disease and stroke, vascular
dementia, and Alzheimer’s disease. Nevertheless, it is unclear whether elevated homocysteine medi-
ates or is otherwise associated with vascular brain aging. Epidemiological data provide the basis for a
hypothesis implicating homocysteine as a mediator of vascular and neuronal pathology. If this is true,
then homocysteine-lowering therapies could reduce the incidence of cognitive decline, stroke, and
dementia. The evidence for this is not consistent. Highlighting the importance of prevention, some
research shows that supplementation with B vitamins, while successful at lowering homocysteine, is
not beneficial in mediating cognitive function in individuals with irreversible compromised brain
function. However, the role of homocysteine lowering in the long-term prevention of cognitive
decline, whether via promotion of vascular health or via direct neural effects, has yet to be adequately
established.

The research described in this chapter represents current understanding on the relationships of
folate and vitamin B12 nutritional status with cognitive function and dementia in adults and elderly.
There is evidence that insufficient B vitamin intake is associated with lower cognitive scores in com-
parison to adequate intake. Low B vitamin status is associated with increased homocysteine levels.
However, higher rates of cognitive decline have been reported with high levels of folate and folic acid
intake in adults, and memory performance may be impaired with high folate intake in individuals with
low vitamin B12 status. Overall, studies reported lower folate blood levels and a higher prevalence of
deficiency among subjects with dementia. In general, vitamin B12 serum levels were lower in patients
with dementia relative to nondemented individuals; however, this relationship was not as consistent
as that for folate. Stroke mortality has decreased at a greater rate in the USA and Canada subsequent
to mandatory folic acid fortification, suggesting a positive effect of fortification on cerebrovascular
health. Interventions with folic acid and with combinations of B vitamins were able to improve cogni-
tive function or prevent decline, albeit inconsistently, especially in subjects with low nutrient status.
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As with the data for blood nutrient levels, evidence that vitamin B12 treatment improves cognitive
function is conflicting and less positive.

Overall, there is support for the concept that diets rich in B vitamins, especially folate and vitamin
B12, are beneficial in maintaining brain function in aging. Some smaller experimental trials show that
supplementation with vitamin B12 and folic acid may prevent cognitive decline or improve cognitive
function to some degree, particularly in individuals with low baseline levels of these nutrients. To date,
intervention trials indicate that supplementation with B vitamins for a period of 1.5-3 years, even while
adequate to reduce circulating levels of homocysteine, may not be sufficient to prevent cognitive decline.
Furthermore, some research indicates that high levels of supplementation with folic acid may have nega-
tive consequences on cognitive performance in vitamin B12-deficient individuals.

Recommendations

Adhering to a diet rich in whole grains, leafy greens, as well as lean meats and low-fat dairy may
confer the greatest benefit in prevention of decline and maintaining cognitive function. Moreover,
following such a diet should be considered a life-long goal rather than an immediate action to treat
current decline. Folic acid supplementation is beneficial in those with folate-deficient diets, but may
be harmful at high doses in the presence of low vitamin B12 status. Low B12 status is more prevalent
in elders than previously known and steps for prevention need to be considered. Given the high preva-
lence of populations in the low and marginal folate and vitamin B12 status, the results presented here
support the concern that cognitive function and risk of age-related decline represent a nutritionally
modifiable public health problem.
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