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Abstract.
Background: There is a paucity of information on the role of microvascular and inflammatory biomarkers in cognitive
dysfunction.
Objective: This study sought to evaluate the relationships between established and a number of peripheral biomarkers on
cognitive patterns in 108 older adults with memory complaints.
Methods: Participants in the AIBL Active study aged 60 years and older with at least one vascular risk factor and memory
complaints completed a neuropsychological test battery and provided cross-sectional health data. Linear regression models
adjusted for covariates examined associations between cognitive performance and a panel of vascular risk factors (Framingham
cardiovascular scores, hs-CRP, homocysteine, fasting glucose, LDL-cholesterol) and peripheral biomarkers (TNF-�, BDNF,
VCAM-1, ICAM-1, PAI-1, CD40L).
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Results: Higher fasting glucose and homocysteine levels were independent factors associated with poorer performance in
Trail Making Test (TMT) B (adjusted � = 0.40 ± 0.10 and 0.43 ± 0.09, respectively). Increasing homocysteine levels were
weakly associated with poorer global cognition and delayed recall (adjusted � = 0.23 ± 0.10 and –0.20 ± 0.10 respectively).
Increasing Framingham cardiovascular scores were related to poorer performance in TMT B (� = 0.42 ± 0.19). There was
early evidence of associations between increasing plasma TNF-� and poorer TMT B (adjusted � = 0.21 ± 0.10) and between
increasing BDNF and better global cognition (� = –0.20 ± 0.09).
Conclusion: This study provides evidence to support the associations between vascular risk factors (Framingham scores,
fasting glucose, and homocysteine) and poorer cognitive functions. Additionally, we measured several peripheral biomarkers
to further investigate their associations with cognition. The relationship between TNF-�, BDNF, and cognitive performance
in various domains may offer new insights into potential mechanisms in vascular cognitive impairment.
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INTRODUCTION

Cognitive impairment commonly accompanies
vascular pathology of the brain [1]. Vascular cog-
nitive impairment refers to a spectrum of cognitive
impairment associated with cerebrovascular disease,
including vascular dementia, mixed Alzheimer’s dis-
ease (AD) with a vascular component, and vascular
cognitive impairment that does not meet dementia
criteria [2]. Research studies indicate a complex inter-
action between cerebrovascular disease and AD [1].
Both conditions share common vascular risk factors
and have overlapping ischemic and neurodegenera-
tive pathology [3].

Early assessment of cardiovascular risk factors is
important in clinical practice as overall cardiovas-
cular health correlates with the risk for coronary
heart disease, stroke, and vascular disease [4]. Midlife
smoking, high cholesterol, hypertension, and dia-
betes were associated with 20–40% increased risk of
dementia in a dose-dependent manner [5]. That the
established cardiovascular risk factors are also risk
factors for cognitive decline is increasingly recog-
nized [2]. The cognitive pattern that reflects a vascular
origin is predominantly subcortical with poorer per-
formance in executive function and psychomotor
slowing, but the cognitive expression of subcorti-
cal small vessel disease in individuals can be highly
variable [1].

Microvascular endothelial dysfunction and inflam-
matory states are considered critical pathways linking
vascular risk factors and dementia [6]. One example
is the observed neuronal and endothelial injury pro-
motion under the effect of homocysteine [7]. There
is much speculation that established risk factors or
other peripheral biomarkers can serve as common
risk factors for both cerebrovascular and cognitive

health. The current study sought to identify the rela-
tionship between several peripheral biomarkers and
cognitive performance in older adults at increased
risk of cognitive decline and dementia. The peripheral
biomarkers [tumor necrosis factor-� (TNF-�), vascu-
lar cell adhesion molecule-1 (VCAM-1), intracellular
adhesion molecule-1 (ICAM-1), PAI-1 (plasmino-
gen activator inhibitor-1), cluster of differentiation
40-ligand (CD40L)] have previously been demon-
strated for their role in contributing to endothelial
dysfunction and inflammation in cardiovascular dis-
ease [8, 9]. Additionally, physical activity has been
reported to influence the levels of brain-derived
neurotrophic factor (BDNF) [10, 11], which has a
role in neuronal survival [12], and there is conflict-
ing data on its relationship to cognition [13–15].
Nonetheless, these biomarkers were chosen for the
plausible mechanisms involving in endothelial dys-
function, neuroinflammation, or protective properties
that may affect the neurovascular unit in the blood-
brain barrier interface. We hypothesized that both
established cardiovascular risk factors and selected
peripheral biomarkers would be associated with cog-
nitive performance in older adults with memory
complaints.

MATERIALS AND METHODS

Study participants

Participants in this study were selected from the
Australian Imaging Biomarkers & Lifestyle (AIBL)
flagship study of ageing, following 1,112 older
volunteers longitudinally from two sites in Mel-
bourne and Perth. Participants in the AIBL Active
study were selected from the AIBL cohort in light
of their vascular risk only if they met the inclu-
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sion criteria: community-dwelling individuals over
60 years old from the Melbourne site, with Mini-
Mental State Examination (MMSE) >23 and with
at least one vascular risk factor [16]. The AIBL
Active trial was designed to investigate whether a
home-based physical activity program of 24 months
delays the progression of white matter changes
on MRI in older adults with memory complaints
and mild cognitive impairment [17] (Trial registra-
tion: Australia New Zealand Clinical Trials Registry
ACTRN 12611000612910). Participants selected for
this analysis (n = 108) either had a subjective memory
complaint without cognitive impairment on testing
(SMC) or had mild cognitive impairment (MCI).
Exclusion criteria included diagnosis of dementia
with MMSE <24, depression with baseline Geri-
atric Depression Scale (GDS) >6 (254), and severe
visual or hearing impairment [17]. All participants
provided written informed consent. Ethics approval
was obtained from the Melbourne Health Human
Research Ethics Committee.

Global cognitive tests

The MMSE (score 0–30) [18] and the Alzheimer’s
disease Assessment Scale-Cognitive Section
(ADAS-cog) (score range 0–70), incorporating a
delayed verbal recall task, were used for analysis
[19]. ADAS-cog consists of an 11-item battery
of short neuropsychological tests. Both MMSE
and ADAS-cog are common tools used to monitor
cognitive performance in clinical trials. Lower
MMSE and higher ADAS-cog scores indicate
increasing severity of cognitive impairment. The
Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD) tool is sensitive to early cognitive
impairment and was used to determine the presence
or absence of MCI (defined as any CERAD subset
equal or lower than –1.5 SD or more compared to
the AIBL Active control group scores on any of the
CERAD subtest) [20].

Executive function and verbal memory tests

Individual tests in the CERAD in verbal fluency
and delayed recall were used to assess executive
function and verbal memory respectively. Verbal flu-
ency examines the contribution of verbal retrieval
and executive control. It is a timed task that requires
participants to provide as many words as possi-
ble, starting with a specified letter. Word list recall
requires subjects to reproduce from memory lists of

words after a 10-s exposure (0 to 10, a higher score
indicating better function) [20].

All cognitive test scores were standardized due to
a differing magnitude of variance according to the
task. Trail Making Tests (TMT) A & TMT B are
two parts of a test of executive function that provides
information about visual search, scanning, process-
ing speed, and mental flexibility [21]. Trail A requires
participants to draw lines sequentially connecting 25
encircled numbers. Similarly, Trail B involves draw-
ing lines but alternates between numbers and letters.

The severity of affective symptoms was measured
using the Hospital Anxiety and Depression Scale
(HADS) [22]. HADS is a 14-item self-rating tool
used to assess the presence and severity of anxiety
and depressive symptoms in medical patients. The
seven-item subscales for anxiety and depression are
valid and reliable measures and are suitable to use
in hospital outpatient, primary care, and community
settings for all ages.

Vascular risk factors

A Framingham General 10-year Cardiovascular
Risk Score was calculated using the office-based car-
diovascular risk score algorithm derived from the
Framingham Heart Study [23]. The Framingham risk
score is one of the most widely used methods in the
clinical setting to estimate the future risk of a car-
diovascular event, which increases with a higher risk
score [24]. It is recommended for use in the Australian
primary care setting by Diabetes Australia, Kidney
Health Australia, Heart Foundation and the Stroke
Foundation [4]. The model takes into account age,
sex, body mass index, blood pressure, smoking, and
diabetes, with higher scores indicating an increased
risk of cardiovascular events. We used self-reporting
of cardiovascular health including smoking status,
diagnosis and listing medications, and a physician
researcher (ML) adjudicated the medical records. All
participants provided written informed consent to
access medical records from general practitioners and
specialist cardiologists. This method of data collec-
tion is highly accurate with a low false negative rate
of 2% [25].

Blood analysis for established vascular risk
factors and peripheral biomarkers

Blood samples for analysis of established vascu-
lar risk factors were collected at baseline and sent
to a certified medical laboratory (Melbourne Pathol-
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ogy, Melbourne, Australia) for determination of
lipid concentrations (i.e., Total Triglycerides, LDL-
C, HDL-C, and Triglycerides), fasting insulin, plasma
glucose, homocysteine, and hs-CRP. Additionally,
plasma samples collected at baseline were screened
in duplicate for a number of peripheral biomark-
ers known to be associated with vascular health
and/or cognition such as TNF-�, soluble ICAM-1
(sICAM-1), soluble VCAM-1 (sVCAM-1), PAI-1,
monocyte chemoattractant protein-1 (MCP-1), solu-
ble CD40L (sCD40L), and BDNF using Milliplex®
MAP human disease panels (Millipore, Billerica,
MA, USA) and analyzed using the Luminex®
xMAP® technology with the Bio-Rad Bio-Plex Sys-
tem (Gladesville, NSW, Australia). The limit of
detection for each biomarker ranged from 0.23 to
6.44 pg/ml. For all biomarker assays, the intra-assay
and inter-assay coefficients of variation were less
than 10%.

Statistical analysis

All analyses were conducted using SPSS (ver-
sion 23) and STATA (version 11.2, StataCorp, TX,
USA). The neuropsychological assessment consisted
of tests to examine performance in related cognitive
domains and, therefore, required a factor analysis of
the cognitive domains. The scores of each neuropsy-
chological test entered into an exploratory factor
analysis to extract factors accounting for the pat-
tern of correlations. The selection of oblimin rotation
allowed factors to correlate. Preanalysis utilized the
Kaiser-Meyer-Olkin (KMO) test of sampling ade-
quacy (should be greater than 0.5) and Bartlett’s test
of sphericity (p should be <0.05). A KMO test above
0.5 and p < 0.05 in the Bartlett’s test should indicate
that the data were appropriate for exploratory factor
analysis [26, 27]. Factor scores were used as cognitive
outcomes for the regression analyses.

Covariates were identified a priori based on
theoretical relevance with cognitive function and
cardiovascular variables: age, sex, education, and
depression [28, 29]. All regression models for the
biomarkers were fit independently to identify any
univariate association between cognitive domains
(dependent variables) and the peripheral biomarker
levels (independent variables). The association of
each of the four cognitive domains (dependent vari-
able) and established risk factors and peripheral
biomarkers (independent variable) were assessed in
four separate multivariable linear regression anal-
yses adjusting for the covariates. The analysis

was repeated separately for fasting glucose, LDL-
cholesterol, and Framingham scores. Regression
diagnostics confirmed that the standard assumptions
of the linear regression models were adequately met.
There were 48 separate models (four response vari-
ables x 12 predictors), and to adequately control for
type I errors associated with multiple tests, we have
generally highlighted only those results which were
significant at p < 0.001 (0.05/48 >0.001). Other asso-
ciations which were less significant have been given
less weight.

A sample size of 108 would provide approximately
80% power to detect a two-point difference between
groups with a significant level of 0.05, based on an
SD of 3.5 in ADAS-cog in the AIBL Active study.

RESULTS

Table 1 summarizes the characteristics of the par-
ticipants. The mean age was 73 years, and 54% were
female.

Table 1
Sample characteristics (n = 108)

Clinical characteristics Mean SD

Age, y 73.17 5.78
Female, n (%) 58 53.7
Education, y 14.06 3.65
Mild cognitive impairment, n (%) 32 29.6
Subjective memory complaint, n (%) 76 70.4
HADS - depression 2.98 2.52

Established VRF

Fasting glucose (mmol/L) 5.38 1.16
Triglyceride (mmol/L) 1.32 0.61
Total cholesterol (mmol/L) 5.18 1.09
LDL-cholesterol (mmol/L) 3.06 0.95
HDL-cholesterol (mmol/L) 1.52 0.39
Framingham score 10.02 7.12
hs-CRP (mmol/L) 2.22 3.18
Homocysteine (�mol/L) 9.44 3.46

Peripheral biomarkers

sVCAM-1 (ng/ml) 1,118 317
sICAM-1 (ng/ml) 128 689
PAI-1 (ng/ml) 74 37
TNF-� (pg/ml) 11.56 5.91
BDNF (pg/ml) 702.43 1163.24
MCP-1 (pg/ml) 256.11 90.87
sCD40L (pg/ml) 61.59 38.47

Values are in mean (SD) or n (%). VRF, vascular risk factor;
TNF-�, tumor necrosis factor-alpha; sVCAM-1, soluble vascular
cell adhesion molecule-1; sICAM-1, soluble intercellular adhe-
sion molecule-1; BDNF, brain-derived neurotrophic factor; MCP,
monocyte chemotactic protein-1; PAI-1, plasminogen activating
inhibitor-1; sCD40L, soluble CD40 ligand.
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Table 2
Cognitive domains and scores in neuropsychological testing

Cognitive domains and skills Tests Raw scores (n = 108)
Mean SD

Global cognition ADAS-cog 7.56 3.81
MMSE 28.65 1.60

Verbal memory

Immediate verbal memory Immediate recall 4.88 1.79
Delayed verbal memory Delayed recall 6.95 2.05

Visuospatial skills/ psychomotor speed

Visual scanning, Psychomotor speed Trail making test A 40.20 13.15
Trail making test B 70.98 61.61

Verbal fluency

Executive function Verbal fluency 20.33 4.34

MMSE, Mini-Mental State Examination; ADAS-cog, Alzheimer’s Disease Assessment Scale – cogni-
tive subscale. The Trail Making Test A and B are measured in seconds.

Table 3
Separate linear regression models of individual vascular risk factor, peripheral biomarker, and cognitive performance

Cognitive Global Verbal Verbal Visuospatial/
domains cognition memory fluency psychomotor

speed
Tests ADAS-cog CERAD delayed CERAD verbal Trail making

recall fluency test B

Established vascular risk factors

Fasting glucose 0.25 (0.09) –0.14 (0.10) –0.03 (0.10) 0.40 (0.10)
LDL-cholesterol –0.02 (0.10) –0.04 (0.10) 0.07 (0.10) –0.09 (0.11)
Homocysteine 0.23 (0.10) –0.20 (0.10) 0.02 (0.10) 0.43 (0.09)

Framingham score –0.12 (0.19) –0.09 (0.19) 0.33 (0.19) 0.42 (0.19)
hs-CRP –0.04 (0.09) 0.11 (0.10) –0.04 (0.10) –0.01 (0.10)

Novel biomarkers

sVCAM-1 0.03 (0.09) 0.09 (0.09) –0.06 (0.10) 0.05(0.10)
sICAM-1 –0.11 (0.09) 0.17 (0.09) 0.11 (0.09) –0.06 (0.10)
PAI-1 –0.03 (0.09) 0.01 (0.10) –0.03 (0.10) 0.02 (0.10)
TNF-� 0.16 (0.09) –0.05 (0.10) –0.01 (0.10) 0.21 (0.10)
BDNF –0.20 (0.09) 0.17 (0.09) 0.10 (0.09) –0.07 (0.10)
MCP –0.07 (0.09) 0.09 (0.09) 0.14 (0.10) 0.01 (0.10)
sCD40L –0.16 (0.09) 0.13 (0.09) –0.03 (0.09) –0.03 (0.10)

Values are standardized coefficient (SE). Separate linear regression models for vascular risk factors and peripheral
biomarkers were adjusted for age, sex, education in years, and depression score (HADS-D). ADAS-cog, Alzheimer’s
Disease Assessment Scale – cognitive subscale; sVCAM-1, soluble vascular cell adhesion molecule-1; sICAM-1,
soluble intercellular adhesion molecule-1; PAI-1, plasminogen activating inhibitor-1; TNF-alpha, tumor necrosis factor-
�; BDNF, brain-derived neurotrophic factor; MCP, monocyte chemotactic protein-1; sCD40L, soluble CD40 ligand.

Cognitive domains

In factor analysis, the KMO test of sampling
adequacy (0.57) and Barlett’s test of sphericity
(p < 0.001) indicated that the data were appropri-
ate for exploratory factor analysis. Three factors
were extracted: 1) verbal memory (CERAD word list
immediate recall 86.4% and delayed recall 87%), 2)
verbal fluency (CERAD verbal fluency 98.1%), and
3) visual-spatial/processing speed (TMT A 82.6%
and TMT B 86.2%) (Table 2). The three components
explained 80.2% of the variance of the original data.

Vascular risk factors

Table 3 shows the relationship between vascular
risk factors, peripheral biomarkers. and cogni-
tive performance. Performance in verbal fluency
decreased as age increased. Higher fasting glu-
cose was a factor associated with an increase
in psychomotor speed using TMT B (adjusted
� = 0.40 ± 0.10, p < 0.001), and there was some evi-
dence of it being associated with higher scores
using ADAS-cog, reflecting poorer global cog-
nition (adjusted � = 0.25 ± 0.09, p < 0.01). Higher
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homocysteine levels were associated with poorer
performance in TMT B (adjusted � = 0.43 ± 0.09,
p < 0.001), and more weakly associated with poorer
performance in global cognition using ADAS-cog
(adjusted � = 0.23 ± 0.10, p < 0.05), and delayed
recall (adjusted � = –0.20 ± 0.10, p < 0.05).

There was some evidence of increasing Framing-
ham scores being associated with poorer performance
in TMT B (adjusted standardized � = 0.42 ± 0.19,
p < 0.05). LDL-cholesterol and hs-CRP almost
showed no association with cognitive performance.

Peripheral biomarkers

Possible associations were evident between
increasing TNF-� and lower performance in
TMT B (adjusted standardized � = 0.21 ± 0.10,
p < 0.05) and between increasing BDNF and better
global cognitive performance (adjusted standardized
� = –0.20 ± 0.09, p < 0.05), after controlling for age,
sex, education, and depressive symptoms. MCP-1
and sCD40L showed almost no association with any
cognitive domains.

After controlling for age, sex, education, and
depressive symptoms, sVCAM-1, sICAM-1, and PAI
showed almost no relationship with cognitive perfor-
mance.

DISCUSSION

This study confirmed the positive linear association
between increasing fasting glucose, homocysteine
levels, and decreased performance in executive dys-
function as reported elsewhere [30]. The relationships
remain significant after adjustment for age, sex, edu-
cation, and depressive symptoms. The findings in the
peripheral biomarker analyses add to the early evi-
dence of associations between TNF-�, BDNF, and
cognitive deficits, which are not well established in
the current cognitive literature.

Established vascular risk factors

Diabetes and impaired fasting glucose increase the
risk of dementia and cognitive impairment [31]. How-
ever, the relationship between preceding stages of
diabetes, including high normal blood glucose and
cognitive pattern has not been fully demonstrated
[31]. Our study found that higher glucose levels are
associated with poorer global cognition and TMT
B, a sensitive test for executive functioning. One
possible explanation may involve lower grey/white

matter regional volumes in the frontal cortices, which
are associated with higher blood glucose levels in
the normal range in a study of people in late life
[31]. Other factors impacting on cognitive perfor-
mance may include hyperglycemia, hypoglycemia,
and insulin deficiency and resistance observed in
established diabetes [32].

This study demonstrated associations between
homocysteine levels and cognitive performance in
three cognitive tests. The association was strongest
in the TMT B, requiring executive function with
multiple skills such as visual screening ability and
psychomotor processing speed. This observation is
consistent with previous studies [33], suggesting
that homocysteine may be a risk factor for cog-
nitive deficits. Elevated homocysteine is a strong
risk factor for cardiovascular disease and stroke.
A 25% lower homocysteine level was found to
show an associated 11% lower IHD risk and 19%
lower stroke risk (homocysteine studies collabo-
ration) [34]. Researchers have also reported an
association between elevated homocysteine levels
and an increased incidence of AD and vascular
dementia [35].

The Framingham algorithm provides calculated
risks based on blood test results, age, sex, and smok-
ing status and inform whether an individual has
optimal control of the modifiable risk factors in the
primary prevention of cardiovascular disease and the
risk scores predict stroke risk and cognitive perfor-
mance [29, 36]. The use of the Framingham algorithm
has identified people with cerebral atrophy and inef-
ficiencies in executive function using TMT A, TMT
B, and visual-spatial function [30]. Similar to these
results, the current study showed its relationship with
TMT B but did not find changes in verbal memory
[29]. As the Framingham scores consistently corre-
late with cognitive deficits in similar domains, our
findings supported the appropriate use of Framing-
ham scores as a collective measure to capture the total
burden of vascular disease of the brain [1]. Further-
more, only four participants were smokers (3.7%);
therefore, the smoking status did not affect the results
materially in our study population.

Peripheral biomarkers

Inflammation is a key component in AD and
cerebrovascular diseases [37, 38]. TNF-� is an
inflammatory cytokine upstream of IL-1, which has
a potential role in the hippocampus after surgery.
Animal models also support that this inflammatory
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marker may mediate through inducing upregula-
tion of adhesion molecules such as sVCAM-1 [39].
Our result indicated that TNF-� had a possible
linear relationship with TMT B (adjusted standard-
ized � = 0.21 ± 0.02, p < 0.05), indicating that such
inflammation can play a role in cognitive deficit and
is consistent with the notion that TNF-� may be a
marker of future risk of developing AD [40].

BDNF, a growth factor member of the neurotrophin
family, plays a pivotal role in neuronal survival and
synaptic plasticity [12]. The growth factor has anti-
diabetic properties with low levels in type 2 diabetes
mellitus and an inverse correlation with plasma glu-
cose and insulin resistance. Reduced serum BDNF
levels associated with cognitive deficits in diabetic
patients [41]. The marker is also important for learn-
ing and memory by long-term potentiation in the
hippocampus with structural changes in synapses.
In a genetic polymorphism study in preclinical AD
using samples obtained from participants in the AIBL
flagship study, allelic variation in BDNF Val66Met
accelerated amyloid-� (A�) related neurodegenera-
tion with decline in hippocampal volume and episodic
memory loss [42]. While further analysis did not
demonstrate a relationship between serum BDNF
with episodic memory [43], there was some evidence
in this current study that low BDNF levels were
related to reduced global cognitive performance on
the ADAS-cog. This relationship is consistent with
another study in which BDNF levels in the brain
were reduced in patients with MCI and had a posi-
tive correlation with cognitive performance [44, 45].
Furthermore, lower serum levels were observed in
patients with stroke, vascular dementia and late-onset
AD comparing with controls [12]

Upregulation of sVCAM-1 and sICAM-1 can
reduce the permeability of small vessels through
interaction with leucocytes [39], therefore, their high
levels may serve as a marker for endothelial activation
or dysfunction in the pathogenesis of atherosclerosis.
Increased plasma ICAM-1 can be present in patients
with coronary heart disease. Its association with white
matter lesion suggests underlying inflammatory pro-
cesses in large and small vessel diseases [46]. Plasma
VCAM-1 levels were higher in patients with AD and
vascular dementia than controls, indicating existence
of endothelial dysfunction in both types of dementia
[47], but did not predict new onset of dementia in a
cohort of 727 healthy adults In the Rotterdam study
[48]. It is possible that our study sample including 32
people with MCI and 76 with SMC has limited power
to detect a small association.

The strength of the current biomarker study
involves the use of comprehensive cognitive tests, in
contrast to many biomarker studies that have exam-
ined cognitive performance using a single screening
test, specifically MMSE with inadequate sensitiv-
ity, or using limited batteries that have not assessed
cognitive function broadly [33]. Our factor analysis
supports the extraction of the specific components
to characterize the cognitive profile in our popula-
tion. Such factors are consistent with the cognitive
domains identified as vulnerable in other studies of
vascular cognitive impairment [30].

Our study sample included older adults with SMC
and MCI and may not be generalized to people with
no memory complaints or people living with demen-
tia. Because the AIBL study excluded volunteers with
history or neuroimaging evidence of strokes, our find-
ings could not be generalized in older adults who
perform poorly on cognitive tests due to stroke. The
observational data allowed cross-sectional examina-
tion of the relationship between vascular risk factors
and cognitive performance, hence, does not imply
causative relationships. The Framingham scores have
some limitations. Cardiovascular factors captured in
the Framingham risk scores included the non-clinical
factor of smoking behavior, but the smoking rate is
very low (n = 4) among our participants. Therefore,
adding this behavioral factor to the scores may not be
particularly useful in our study population. Further-
more, Framingham risk scores do not account for the
effects of central obesity in the algorithm, but over-
weight and obesity was prevalent (69.4%) in the study
population.

Our study identified that established vascular risk
factors (fasting glucose levels, Framingham scores,
homocysteine) are associated with cognitive perfor-
mance in various domains. These findings together
with the potential association with the peripheral
biomarker (TNF-� and BDNF) offer new insights
and future directions for research into the molecular
mechanisms in vascular cognitive impairment. Ade-
quately powered longitudinal studies are required to
examine their causal relationship and possible use in
risk stratification or future clinical value in identify-
ing individuals at risk of cognitive decline.
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