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Abstract: Objective: The objective of this review was to elucidate the relationship between VaD and various
nutritional factors based on epidemiological studies. Background: Vascular dementia (VaD) is the second most
common type of dementia. The prevalence of VaD continues to increase as the US population continues to grow
and age. Currently, control of potential risk factors is believed to be the most effective means of preventing VaD.
Thus, identification of modifiable risk factors for VaD is crucial for development of effective treatment
modalities. Nutrition is one of the main modifiable variables that may influence the development of VaD.
Methods: A systematic review of literature was conducted using the PubMed, Web of Science, and CINAHL
Plus databases with search parameters inclusive of vascular dementia, nutrition, and vascular cognitive
impairment (VCI). Results: Fourteen articles were found that proposed a potential role of specific nutritional
components in VaD. These components included antioxidants, lipids, homocysteine, folate, vitamin B12, and fish
consumption. Antioxidants, specifically Vitamin E and C, and fatty fish intake were found to be protective
against VaD risk. Fried fish, elevated homocysteine, and lower levels of folate and vitamin B12 were associated
with increased VaD. Evidence for dietary lipids was inconsistent, although elevated midlife serum cholesterol
may increase risk, while late-life elevated serum cholesterol may be associated with decreased risk of VaD.
Conclusion: Currently, the most convincing evidence as to the relationship between VaD and nutrition exists for
micronutrients, particularly Vitamin E and C. Exploration of nutrition at the macronutrient level and additional
long term prospective cohort studies are warranted to better understand the role of nutrition in VaD disease
development and progression. At present, challenges in this research include limitations in sample size, which
was commonly cited. Also, a variety of diagnostic criteria for VaD were employed in the studies reviewed,
indicating the need for constructing a correct nosological definition of VaD for consistency and conformity in

future studies and accurate clinical diagnosis of VaD.
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Introduction

In the United States, the proportion of people over the age of
65 is projected to increase from 35 million in the year 2000 to
71 million in the year 2030 (1). This aging of the population
will have important public health implications as there will be a
greater need for geriatric care, and an anticipated rise in the
incidence of chronic degenerative diseases. One area that has
received special attention over the last few years has been
dementia, and more recently vascular dementia (VaD).

Despite multiple attempts over the past 80 years, there is a
lack of universal neuropathologic diagnostic criteria for VaD
(2). Tt is generally described as cognitive decline caused by
vascular brain lesions and disorders of cerebral vessels (3, 4).
The diagnosis is usually based on a temporal relation between
occurrence of vascular lesions and dementia, in the absence of
other degenerative disease (5, 6). Currently, VaD is considered
the second most common type of dementia, yet may also be the
most under-diagnosed type of dementia (7). The Aging,
Demographics, and Memory Study (ADAMS) estimates the
prevalence of VaD in the US for those aged 71 and older to be
approximately 594,000; however, this might be understated as
the prevalence may actually be as high as 1 million (7, 8).
Another unique aspect of this disease is that survival is lower
following disease onset when compared to Alzheimer’s disease
(AD) (9). Healthcare utilization costs are also higher for VaD
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care than AD, other dementias, or cerebrovascular disease
without dementia (10).

Currently, control of VaD risk factors is believed to be the
most effective way to prevent onset or delay progression of the
disease (11). Such risk factors include atherosclerosis,
lipoproteins, diabetes mellitus, stroke, hypertension, obesity,
and smoking (12-18). Diet is an important modifiable factor
that has been shown to have direct and indirect influence on the
development of these vascular risk factors, which may lead to
vascular cognitive impairment (VCI), and ultimately VaD.
Therefore, dietary interventions are believed to be effective and
fundamental in treatment modalities for abatement of disease
onset and progression.

Although it is posited that the nutritional risk factors for
VaD are similar to those for stroke, different mechanisms may
be implicated, through which diet may impact cerebrovascular
physiology and the different pathways that lead to VaD.
Further, though there is significant literature associating
nutrition and AD (19, 20), reviews relating VaD and nutrition
are lacking in the literature. Hence, the purpose of this review is
to better elucidate the relationship between nutritional factors
and VaD.

Methods

A systematic literature review was conducted using the
PubMed, CINAHL, and Web of Science databases with search
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parameters inclusive of vascular dementia, vascular cognitive
impairment, nutrition, and diet. Studies not available in English
were excluded. Our initial search included studies on humans
only and studies in which VaD was the primary disease of
interest. However, we were unable to identify any articles
within these search criteria. We then expanded the inclusion
criteria to studies with VaD as one of the diseases of interest.
From this search we were able to identify specific nutrients
(antioxidants, dietary lipids, B vitamins, monounsaturated fatty
acids (MUFA), polyunsaturated fatty acids (PUFA)), foods
(fatty fish), and plasma lipids (total cholesterol, high-density
lipoprotein (HDL), low-density lipoproteins (LDL), and
triglycerides) that may be associated with VaD. The references
of the selected studies were also reviewed to ensure all
pertinent and relevant articles were included.

Results

In our search, fourteen articles were found that met the
inclusion criteria, of which 5 were cross-sectional, 7
prospective, and 2 retrospective longitudinal studies (Table 1).

Antioxidants: Four articles were identified that studied the
association of VaD with serum levels of a-tocopherol (vitamin
E) and vitamin C. Prospective studies have demonstrated a
protective effect of antioxidants obtained from supplements on
VaD risk. In a 13-year prospective follow-up study among
Japanese-American men living in Oahu, Hawaii, Masaki et al.
(21) observed an 88% reduced risk of developing VaD among
subjects who used both Vitamin C and E supplements together
(Adjusted odds ratio (ORadj) = 0.12, confidence interval (CI):
0.02-0.88, p < 0.05), but not when using vitamin C alone
(ORadj = 0.83, CI: 0.27-2.57) or vitamin E alone (ORadj =

Table 1

Summary findings of the relationship between nutritional risk factors and VaD*

Study

Study Design and follow-up

Sample size

=
Factors studied

VaD diagnostic criteria

Outcome

Masaki et al. (14) (2000)

Maxwell et al. (15) (2005)

Laurin et al. (16) (2004)

Ryglewicz et al. (17)
(2002)

Koseoglu & Karaman
(18) (2007)
Quadri et al. (19) (2004)

Malaguarnera et al. (20)
(2004)

Kalmijn et al. (21) (1997)

Engelhart et al. (22)
(2002)

Otsuka et al. (23) (2002)

Huang et al. (24) (2005)

Reitz et al. (25) 2004

Soloman et al. (26)
(2009)
Mielke et al. (27) (2005)

Prospective Cohort, 13 years

Prospective longitudinal,
5 years

Prospective cohort, 30.2
years

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Prospective cohort,
2.1 years

Prospective cohort, 6 years

Case control, retrospective

Prospective Cohort, 5.4 years

Cross-sectional

Retrospective cohort

Prospective longitudinal,
18 years

3,734, age 71-93y/o

(47 AD, 35 VabD, 50 other)
894, 65+y/o (107 AD, 230
other)

2459 (102 AD, 38 AD with
contrib. CVD, 44 VaD, 51
other)

114 (26 AD, 42 VaD, 46
age-matched controls)

168 ,>65y/o (51 AD, 67
VaD, 40 controls)

228, 60+y/o (74 AD, 18
VaD, 81 MCI, 55 controls)

68, 62-60y/o (22 VaD, 22
AD, 24 controls)

5,386, >55y/o (42 AD, 7
VaD, 9 other)

5,395, 60-73y/o (146 AD,
29 VaD, 22 other)

91, (27 AD, 15 VaD, 49
age-matched controls)

2,233 Medicare participants
>65y/o (245 AD, 62 VaD,

151 mixed, 557 MCI, 227
other)

4316, =65y/o (244 AD, 119

VaD, 231stroke w/out
dementia, 2224 controls

9844, 66-72y/o (496 AD,
127 VaD, 9248 controls)
382,79-88y/o (19 AD, 23
VabD, 3 other)

Vitamin C and E supplement
use

Vitamin antioxidant
supplement use

Dietary energy, B-carotene,
flavonoids, vitamin A and C

Plasma a-tocopherol, LDL*

Plasma HCY?, folate,
vitamin B12

Plasma HCY?, folate,
vitamin B12

Plasma HCY?, vitamin B12,
folate, PLP", cholesterol,
HDL", LDL¢, TG’

Dietary total fat, SFA',
cholesterol, PUFA"

Dietary total fat, SFA10,
cholesterol, trans fat, MUFA"
and PUFA"

Dietary SFA"?, PUFA",
MUFA", vitamin B, C,
antioxidants, and
macronutrients

Dietary lean and fatty fish

Plasma LDL°, HDL", total
cholesterol

Plasma midlife serum
cholesterol

Plasma total cholesterol and
TG’

ADDTC'
ICD-10°

CADDTC'"

NINDS-AIREN*, MRI¥/
CT* Hachinski Ischemic scale

NINDS-AIREN*,
MRI'/CT*

CERAD", Hachinski
Ischemic Score

MRT?/CT?, NINDS-AIREN

NINDS-AIREN* (some
underwent MRI?)

NINDS-AIREN* (some
underwent MRI?)

NINDS-AIREN", MRI*

ADDTC1, MRI*

standard research criteria,
diagnosis by physicians,
neurologists and history or
clinical evidence of stoke

ICD-9 CM" 331.0 and 290 .4

Case records, DSM-IIIR®,
NINDS-AIRENY, CT*

Vitamin C and E combined 4
risk of VaD.

Antioxidants assoc. w/
risk of incident VCI.

No assoc. of antioxidants and
risk of VaD.

J a-tocopherol, LDL®, TG’
(p<0.05) in VaD.

M HCY?, Jfolate and B12
in VaD and AD, diff. greater in
VaD.

A HCY? among VaD subjects

M HCY?, Y folate, P TG” and
LDL®in VaD only.

VaD assoc. w/ Mtotal and
SFA".

Dietary fats not associated w/ 4
risk of dementia

“Menergy, Jantioxidant, Pn-6
and Jn-3 intake among VaD.

Low intake of fried lean fish
assoc. w/ 4 risk, fatty fish assoc.
J risk (insignif) of VaD.

A non-HDL and LDL, and 4

HDL" weakly assoc. w/ 4
VabD risk

A midlife cholesterol assoc. w/
A risk of VaD

/" cholesterol in late life assoc.
w/ b risk in AD and VaD.

IADDTC, Alzheimer’s Disease Diagnostic and Treatment Centers; 2MRI, Magnetic Resonance Imaging; 3HCY, Homocysteine; 4NINDS-AIREN, National Institute of Neurological
Disorders and Stroke and Association Internationale pour la Recherché et I'Enseignement en Neurosciences; SCT, Computed Tomography; 6LDL, low-density lipoprotein; 7TG,
Triglycerides; SDSM-IIIR, Diagnostic and Statistical Manual of Mental Disorders-III-R; 9ICD-10, International Classification of Disease-10; 10SFA, Saturated fatty acids; 11PUFA,
polyunsaturated fatty acid;12MUFA, monounsaturated fatty acid; 13CERAD, Consortium to Establish a Registry for Alhzheimer’s Disease; 14PLP, Pyridoxal phosphate; 15HDL, high-
density lipoprotein; I6CADDTC, California Alzheimer’s Disease Diagnostic and Treatment Centers;17ICD-9 CM, International Classification of Disease-9 Clinical Modification;
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1.28, CI: 0.35-4.69) as compared to non-demented subjects. A
minimally protect effect was also observed for mixed/other
dementia subtypes, which included all dementias other than
pure VaD and pure AD, when vitamins E and C were
consumed together (ORadj = 0.31, CI: 0.11-0.89). However, no
protective effect was found for AD with any combination of
vitamin use. In the same study, the long-term effect of
supplement use was assessed among subjects that were not
diagnosed with dementia at follow-up. Compared to non-users,
long-term combined use of both vitamins E and C was
associated with significantly better cognitive function (OR:
1.74, 95% CI: 1.26-2.39) while more recent use was not
associated with better cognition (21). In the same study, the
long-term effect of supplement use was assessed among
subjects that were not diagnosed with dementia at follow-up.
Compared to non-users, long-term combined use of both
vitamins E and C was associated with significantly better
cognitive function (OR: 1.74, 95% CI: 1.26-2.39) while more
recent use was not associated with better cognition (21).

In a similar study, Maxwell et al. (22) prospectively
examined the effects of antioxidant supplementation on the risk
of VCI and cognitive decline based on Mini Mental State
Examination (3MS) scores over a 5-year period. VCI included
participants with VaD, possible AD with vascular components,
and VCI without dementia. After five years follow-up, and
adjustment for age, gender, baseline 3MS score, history of
stroke and arterial hypertension, a statistically significant risk
reduction of VCI was observed among consumers of any
vitamins(e.g. vitamin C, E, or multivitamin) (ORadj = 0.34, CI:
0.13-0.89) but not with vitamin E and C or multivitamin use
(vitamin E and C with or without multivitamins, vitamin E and
multivitamins, vitamin C and multivitamins, and multivitamins
alone, ORadj = 0.39, CI: 0.14-1.14), vitamin C alone (ORadj =
0.31, CI: 0.04-2.74), or vitamin E alone (data not shown) as
compared to non-users. Participants consuming any vitamins
(ORadj = 0.57, CI: 0.43-0.93) or vitamin C and E supplements
and multivitamins (ORadj = 0.51, CI: 0.29-0.90) were also less
likely to have decreased cognitive decline at follow-up. In
patients with probable AD and incident dementia, no
association was noted with any combinations of vitamins
(ORadj = 1.00, CI: 0.53-1.87 and ORadj = 0.79, CI: 0.48-1.32,
respectively) (22).

On the other hand, when antioxidant intake was measured
from a 24-hour dietary recall, Laurin et al. (23) did not find a
statistically significant relationship between beta carotene,
vitamin C or flavonoid intake in midlife, and risk of developing
late life incident dementia, AD, Alzheimer’s with and without
cerebrovascular disease, and VaD. Participants’ use of
nutrients were divided into quartiles based on the distribution
of intake within the sample, with the first quartile (the reference
group) having the lowest intake and the fourth having the
highest intake. A slight increase in risk of dementia (Relative
Risk (RR): 147, CI: 1.01-2.14) and AD (RR: 1.84, CI: 1.04-
3.25) was observed in the second quartile of energy-adjusted

intake of vitamin E, but not in third or fourth quartiles. Risk of
AD with and without CVD also showed significance for the
second (RR: 1.92, CI: 1.16-3.18) and fourth (RR: 1.78, CI:
1.06-2.98) quartiles. The energy-adjusted intake of vitamin E
was not related to the incidence of VaD. All relative risks were
adjusted for age, education, smoking status, alcohol intake,
BMI, physical activity, blood pressure, year of birth, total
energy intake, cholesterol, CVD, supplemental vitamin intake,
and Apolipoprotein (APOE) €4 (23).

Finally, in a cross-sectional analysis, Ryglewicz et al. (24)
found that serum levels of a-tocopherol were lower among
VabD patients (mean 9.9 + 3.48 pg/ml, p <0.05) as compared to
AD patients (mean 12.8 + 3.42 pg/ml, p <0.05).

B-Vitamins: Evidence as to the relationship between B-
vitamins and VaD comes from cross-sectional studies.
Koseoglu et al. (25) found serum homocysteine (HCY) to be
negatively correlated with serum vitamin B12 and folate levels
in VaD patients (p<0.05), but not in AD patients or controls
subjects. Significantly higher HCY (mean 18.6 + 4.15 umol/L,
p <0.001), lower folate (mean 8.8 + 1.59 ng/mL, p <0.05) and
lower vitamin B12 levels (mean 230.17 + 7.26 pg/mL, p
<0.001) were observed among VaD subjects as compared to
AD patients and controls. Significantly higher HCY (mean:
142 £ 297 pmol/L, p<0.001, and lower Vitamin B12: (mean:
280.6 + 20.86 pg/mL, p<0.001, and folate: (mean: 9.45 + 1.94
ng/mL, p<0.001) was also observed for AD subjects as
compared to controls. (25). Similarly, Quadri et al. (26) found
low serum folate levels to be significantly associated with mild
cognitive impairment (MCI) and high HCY levels with
dementia. The highest HCY concentrations were observed
amongst the VaD participants.

Malaguarnera et al. (27) compared VaD patients with AD
patients and healthy controls and reported increased serum
HCY levels in VaD patients (mean 26 + 6.58 umol/l,
p<0.00001) as compared to controls (10.7+2.81 nmol/l) and
AD patients (22.3+4.51 pmol/l, p<0.001). Significantly
reduced serum folate was observed in both VaD (mean
10.8+2.81 1 umol/l) and AD patients (mean 10.0+2.72 nmol/l,
p<0.001) compared to controls. Reduced serum vitamin B12
levels were only statistically significant for AD (mean 392.1 £
65.32 pmol/l for AD, p<0.045) as compared to controls.

Dietary lipids: Three articles that implicated dietary lipids in
VaD were reviewed. Within the large prospective Rotterdam
study, contradictory findings were reported when the study was
carried out with two different follow up periods (28, 29).
Kalmijn et al. (28) first investigated the relationship between
total fat, saturated fat, trans fats, cholesterol, MUFA, and n-3
and n-6 PUFA in total dementia, AD without cerebrovascular
disease, and dementia with a vascular component (VaD and
AD with cerebrovascular disease). 5,386 non-demented
participants were followed for 2.1 years, at which point 58
subjects were diagnosed with dementia (37 AD, 5 AD with
cerebrovascular disease, 7 VaD, and 9 other types of dementia).
Intakes were categorized into tertiles, the lowest intake being
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the first tertile as the referent category, and the highest being
the third tertile. Individuals in the third tertile, who consumed
the highest amount of total fat, had significantly higher risk of
acquiring total dementia (RR: 2.4, CI: 1.1-5.2, p trend: 0.02),
compared to the referent group. Intakes of saturated fat and
cholesterol in the third tertile were associated with increased
risk of total dementia, however these trends were not
significant (RR: 1.9, CI: 0.9-4.0, p trend: 0.12; RR: 1.7, CI: 0.9-
3.2, p trend: 0.11, respectively) after adjusting for age, sex,
education, and total energy intake. The second and third
tertiles of total fat intake increased risk of dementia with a
vascular component although not significant (RR: 1.7, CI: 0.3-
10.3; RR: 3.0, CI: 0.6-14.7, respectively). The third tertile of
saturated fat intake was also associated with increased risk of
dementia with a vascular component (RR: 2.9, CI: 0.6-13.8, p
trend: 0.01). In contrast, the highest tertile of cholesterol intake
was not associated with dementia with a vascular component
(RR: 0.9, CI: 0.2-3.7, p: 0.80) (28). However, a subsequent
Rotterdam study followed 5,395 participants for 6 years, during
which 197 subjects developed dementia, including 146 AD, 29
VaD, and 22 other types of dementia. Here, higher intake of
total fat, saturated fat, trans fat, cholesterol and low intake of
MUFA, n-6 PUFA, and n-3 PUFA were not associated with
risk of dementia or subtypes after adjusting for age, sex,
education, total energy intake, vitamin E, energy-adjusted fatty
acids, and cholesterol (29).

Differences in overall dietary intake between VaD and AD
patients have also been examined. Otsuka et al. (30) compared
dietary patterns between AD patients and VaD patients against
age-matched male controls in a cross-sectional study. N-6
PUFA consumption and n-6 to n-3 ratios were both found to be
significantly higher in VaD (p<0.05) and AD (p<0.001)
subjects as compared to controls. Both groups had similar
nutritional status, including antioxidant deficiencies and overall
higher energy intake (30).

Fatty Fish: The relationship between fish consumption and
VaD was investigated in one prospective study among 2,233
participants, of which 50 developed pure VaD and 190
developed AD. As compared to intake of <0.25 servings per
week, intake of 0.25-2 servings of fried fish per week was
associated with a higher risk of VaD (Hazard ratio (HR): 2.6,
CI: 1.39-4.96), but not when consumption was increased to 2-4
servings per week (HR: 1.68, CI: 0.74-3.84). Intake of fatty fish
was categorized into four levels of intake, with <0.25 servings
per week as the lowest (referent) group, and the highest being
>4 servings per week. As compared to the lowest consumers,
increasing consumption of fatty fish was associated with lower
risk of developing dementia (HR: 0.65, CI: 0.43-0.98 for the
highest level), but results were attenuated when controlling for
education and income (HR: 0.79, CI: 0.53-1.20); a similar dose
response relationship was observed for AD (HR: 0.54, CI: 0.31-
0.95 for highest quartile) with attenuation after controlling for
education and income (HR: 0.69, CI: 0.91-1.22). Finally, the
protective effect of fatty fish on dementia was found to occur
with the absence of the APOE ¢4 allele, (HR: 0.54, CI: 0.36-
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0.95 for the highest level), although the results were attenuated
when education and income were considered (31).

Plasma lipids: Five articles were found that made
observations between plasma lipids and VaD. In a cross-
sectional analysis of 2820 subjects, Reitz et al. (32) observed a
significant decrease in the prevalence of VaD among subjects
in the second and fourth (highest) quartiles of plasma HDL
(OR: 046, CI: 0.27-0.79, OR: 0.47, CI: 0.27-0.83, respectively)
and a non-significant increased risk with higher non-HDL (OR:
1.60, CI: 0.92-2.79) as compared to the lowest quartile. In the
same study, prospective analysis of 1168 subjects with a mean
follow-up of 4.8 + 2.9 years, indicated significant increased risk
of VaD with increasing quartile of non-HDL (HR: 2.38, 95%
CI: 1.05-5.37, in the highest (fourth) quartile)) and LDL (HR:
2.45 95% CI: 1.05-5.70, in the highest (fourth quartile)) (32).

A recent retrospective cohort study assessed midlife (40-45
years old) serum cholesterol levels and risk of future AD and
VaD. At 30 years follow-up, 127 VaD and 469 AD cases were
identified. After adjustment for age, sex, race/ethnic group,
midlife BMI, diabetes, and hypertension, high serum
cholesterol (= 240 mg/dL) at midlife was associated with
increased risk of AD only (HR: 1.57, C.I: 1.23-2.01), whereas
borderline (200-239 mg/dL) midlife cholesterol levels were
associated with risk of VaD only (HR-1.5, 95% CI: 1.01-2.23),
with desirable levels (<200 mg/dL) as the referent category
(33). On the other hand, in an 18 year follow-up longitudinal
study, Mielke et al. (34) found that high levels of total plasma
cholesterol in late life was associated with a reduced risk of
incident dementia, which included AD, VaD, and other
dementias. Increased total plasma cholesterol was associated
with reduced risk of incident dementia when cholesterol was
measured at age 70 (HR: 0.77; C.I: 0.61-0.96), 75 (HR: 0.70;
C.I: 0.52-0.93) and 79 (HR: 0.73; C.I: 0.55-0.98), after
adjustment for body mass index (BMI), diastolic blood
pressure, sex, education, and smoking. The reduced risk was
observed only in the highest quartiles of cholesterol level at age
70 (HR: 0.31; C.I: 0.11-0.85), age 75 (HR: 0.20, C.I: 0.05-
0.75), and age 79 (HR: 0.45, C.I: 0.17-1.24). No statistically
significant relationship between triglyceride levels and
dementia in any age group were observed (34).

Malaguarnera et al. (27) described increased levels of
triglycerides and LDL only in VaD patients and not AD
patients; hypertension, coronary heart disease, and diabetes
were more common among VaD subjects than AD subjects.
On the contrary, Ryglewicz et al. (24) found levels of
triglycerides and LDL to be significantly lower in VaD patients
as compared to AD patients. Although susceptibility of LDL to
oxidation was slightly higher for VaD in comparison to AD
patients, these results were not statistically significant.

Discussion

Our review uncovered some associations between various
nutritional factors and VaD. While antioxidant
supplementation, specifically vitamins C and E, appears to be
protective against VaD and VCI, this relationship is not evident
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for dietary antioxidants (21-23). Cross sectional studies
demonstrated higher HCY, and lower folate and Vitamin B12
levels among individuals with AD, yet this was more
pronounced in VaD (25-27). Although it appears that elevated
midlife serum cholesterol may increase risk (33) and late-life
elevated serum cholesterol may decrease risk of VaD (34),
evidence regarding the relation between dietary lipid levels and
VabD is less clear (28, 29). One study reported a non-significant
beneficial association of fatty fish consumption and VaD,
whereas lean fried fish was associated with increased risk, but
the latter conclusion was only observed for the lowest intake
group (31).

Evidence for the biological role of particular nutrients in the
etiology of VaD supports both direct mechanisms, or
neurodegeneration, and indirect pathways that may influence
vascular risk factors, which are, for the greater part, related to
oxidation-reduction pathways (35). Reduced levels of
docosahexaenoic acid (DHA), a PUFA that is highly
concentrated in the brain and predominantly found in fatty fish,
is associated with cognitive decline (36). DHA plays a role in
physiological pathways that not only modulate vascular risk
factors, but also reduces neuroinflammation and oxidative
damage that may lead to neuronal dysfunction. It is thought that
the aforementioned mechanisms may be effective in VaD
prevention and treatment (37). However, to date, only one
study which was limited by the paucity of VaD subjects, has
examined this relationship, and further investigation is
warranted (31). For antioxidants, the most popular explanation
for their salutary effect in VaD is thought to be through
prevention of stroke; however, an alternative hypothesis may
suggest a straightforward protective effect on VaD. In the study
conducted by Masaki et al. (21) the prevalence of stroke was
highest among the VaD subjects, yet no association was
detected between antioxidant use and stroke. Further,
controlling for stroke did not impact the observed protective
effect of antioxidants on VaD. Therefore it is possible that, as
opposed to decreasing the frequency of strokes, antioxidant
vitamins may protect against VaD by reducing the post-stroke
sequelae and ischemia related neuronal injury (36, 37).

Current evidence suggests HCY may be an appropriate
marker for prediction and prognosis of neurodegenerative
diseases (38, 39). It is thought to potentiate oxidative injury and
accelerate neurodegenerative processes (40).
Hyperhomocysteinemia can cause small vessel injury
secondary to oxidative stress and subsequent accumulation of
neurotoxic byproducts, and is thought to be the mechanism
shared between dementia and stroke (39). Therefore,
decreasing HCY may reduce risk of vascular lesions and
impede the progression of dementia. HCY metabolism is also
dependent on antioxidants modulating specific biochemical
pathways, such as folate, vitamins B12 and B6 (25, 27). In the
present review, the relationship between elevated HCY and low
folate and vitamin B12 was more pronounced in VaD as
compared to AD subjects. Koseoglu et al. (25) also found that
the relationship between high HCY and low folate and vitamin

B12 only occurred in VaD subjects, not in AD or controls, and
this may suggest that the pathogenesis of elevated HCY may be
different in AD as compared to VaD. Suffice it to say, research
is needed to further elucidate the specific mechanisms.

The link between cholesterol and VaD is less clear. Solomon
et al. (33) attributed the conflicting evidence to a number of
mechanisms. First, although the association of low HDL and
high LDL with CHD and atherosclerosis is well documented
the relationship between cholesterol and stroke is less clear.
Secondly, not all individuals with stroke subsequently end up
with VaD. Moreover, the relationship between VaD and
cholesterol could vary depending on the type of vascular lesion
contributing to VaD, which could have different risk factor
profiles and may lead to different types of VaD. However,
these VaD subtypes have not been well defined within current
diagnostic criteria (33).

Examining the relationship between nutritional factors and
VaD is fraught with challenges, which were consistently
observed in this review. The limited number of existing studies
on this subject matter is a limitation in itself. The paucity of
VaD cases was also cited in several studies as a potential
methodological issue, making it difficult to statistically
evaluate the relationship between nutritional factors and VaD
risk (28, 29, 31, 34). Huang et al. (31) cited insufficient power
to assess VaD risk and fish consumption through further
stratification of the APOE ¢4 allele, a recognized genetic risk
factor for AD. Likewise, the second Rotterdam study failed to
confirm an association between dietary lipids and risk of VaD
due to limited number of cases (29). An additional challenge in
identifying VaD cases in the clinical and research setting is
that, at present, there are eight unique sets of diagnostic criteria
used for VaD (41). It is not surprising that variations in the use
of diagnostic criteria were encountered in the studies reviewed.
VaD represents a large group of heterogeneous lesions which
have multifactorial pathogeneses. Cognitive decline, in VaD,
has been attributed to different mechanisms such as multiple
cortical infarcts, strategic infarct in the thalamus and striatum,
and sub-cortical small vessel disease. Others have further
subdivided VaD based on etiology, size of infarct, and location.
That is why VaD is not a single disease entity, but rather a
spectrum of diseases. In two separate cross-sectional
investigations of HCY, folate, and vitamin B12, Quadri et al.
(26) used Consortium to Establish A Registry for Alzheimer’s
Disease (CERAD), while Koseoglu et al. (25) used NINDS-
AIREN. NINDS-AIREN was the most commonly used
criteria. It requires focal neurological deficits for diagnosis of
VaD, and is thus the most exclusive criteria. Although the use
of NINDS-AIREN criteria exclusively may decrease the
sensitivity and increase the specificity, thereby limiting the
chances of including false positives in the study, it may also
exclude subjects that have VaD without prominent imaging and
focal findings. The challenges of diagnosing VaD in
epidemiological studies have been cited elsewhere, and it has
been shown that the use of different diagnostic criteria may
result in the identification of unique cohorts of disease cases
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(42). This is believed to be partly attributed to the low
concordance between clinical diagnostic criteria such as
NINDS-AIREN and DSM-1V, shown to be as low as 40% (43).
Therefore, a more cohesive and integrated diagnostic definition
of VaD would be helpful in future studies in order to accurately
assess the risk factors, incidence, and prevalence of VaD.

Conclusion

Thus far, the most convincing evidence as to the relationship
between VaD and nutrition exists for micronutrients,
particularly antioxidants including Vitamin C and E, which
demonstrate a beneficial effect on cognitive performance, and
reducing the risk of CVD and VaD It has been suggested that
supplementation may influence the onset and progression of the
disease (21, 24). With a great deal of evidence supporting the
role of nutrition in cognitive health and aging, the prospect of
other nutritional parameters having a role in VaD should be
explored in order to formulate appropriate nutritional
recommendations for prevention and clinical management of
VaD. Studying well defined long-term prospective cohorts can
help elucidate beneficial effects of nutritional factors that can
be instituted early in life, and allow clinically effective
prevention measures. In addition, exploring the relationship
between nutrition and VaD at the macronutrient and food group
level may also allow greater insight into the disease and
provide feasible and implementable prevention programs at the
individual and community level. Finally, establishing a unified
diagnostic criteria for VaD is crucial for the sake of accurate
clinical diagnosis and consistency across studies.
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