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Abstract

Background: Arterial stiffness reflects the ageing processes in the vascular system, and stud-
ies have shown an association between reduced cognitive function and cerebral small vessel
disease. Small vessel disease can be visualized as white matter hyperintensities (WMH) and
lacunar infarcts but also as cerebral microbleeds on brain magnetic resonance imaging (MRI).
We aimed to investigate if arterial stiffness influences the presence of microbleeds, WMH and
cognitive function in a population of cognitively healthy elderly. Methods: The study popula-
tion is part of the Swedish BioFinder study and consisted of 208 individuals without any symp-
toms of cognitive impairment, who scored >27 points on the Mini-Mental State Examination.
The participants (mean age, 72 years; 59% women) underwent MRI of the brain with visual
rating of microbleeds and WMH. Arterial stiffness was measured with carotid-femoral pulse
wave velocity (cfPWV). Eight cognitive tests covering different cognitive domains were per-
formed. Results: Microbleeds were detected in 12% and WMH in 31% of the participants.
Mean (+standard deviation, SD) cfPWV was 10.0 (+2.0) m/s. There was no association between
the presence of microbleeds and arterial stiffness. There was a positive association between
arterial stiffness and WMH independent of age or sex (odds ratio, 1.58; 95% confidence inter-
val, 1.04-2.40, p < 0.05), but the effect was attenuated when further adjustments for several
cardiovascular risk factors were performed (p > 0.05). Cognitive performance was not associ-
ated with microbleeds, but individuals with WMH performed slightly worse than those with-
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out WMH on the Symbol Digit Modalities Test (mean = SD, 35 + 7.8 vs. 39 + 8.1, p < 0.05).
Linear regression revealed no direct associations between arterial stiffness and the results of
the cognitive tests. Conclusions: Arterial stiffness was not associated with the presence of
cerebral microbleeds or cognitive function in cognitively healthy elderly. However, arterial
stiffness was related to the presence of WMH, but the association was attenuated when mul-
tiple adjustments were made. There was a weak negative association between WMH and per-
formance in one specific test of attention. Longitudinal follow-up studies are needed to fur-
ther assess the associations. © 2015 S. Karger AG, Basel

Introduction

Cognitive impairment and dementia development is strongly associated with age, and
the prevalence is increasing [1]. Cerebral small vessel disease, such as white matter hyperin-
tensities (WMH) and microbleeds, is involved in the pathogenesis of cognitive impairment
and dementia. Cardiovascular risk factors, and possibly arterial stiffness, also contribute to
their development [2].

Arterial stiffening increases with age and reflects structural and cellular changes in the
vascular system [3]. Measurement of carotid-femoral pulse wave velocity (cfPWV) is con-
sidered to be the gold standard method for estimating arterial stiffness [4]. Increased PWV
has been associated with cardiovascular morbidity and mortality, independently of tradi-
tional cardiovascular risk factors [5]. In community-based samples, a negative association
between increased cfPWV and cognitive performance in at least one domain has been found
in some [6-8], but not in all studies [9, 10]. Hence, these diverging results indicate a need for
further clarification of the field. Numerous publications report a positive association between
higher PWV and increased volume of WMH [6, 10-12]. Only 2 previous studies have investi-
gated cfPWV and cerebral microbleeds. No associations were found in the general population,
except in a subgroup of cases with uncontrolled hypertension [12]. The second study found
no association in hypertensive patients [11].

Cerebral microbleeds are small perivascular haemorrhages and consist of iron deposits,
mainly haemosiderin. They are seen as focal lesions on magnetic resonance imaging (MRI)
and likely occur due to hypertensive arteriopathy or cerebral amyloid angiopathy that causes
small vascular leaks [13, 14]. Several studies report an association between the presence and
number of microbleeds and impaired cognitive function. However, the cognitive domains
affected differ between studies, but speed, attention and executive function seem to be pre-
dominantly affected [15-18].

WMH reflect damage to the deep subcortical and periventricular parts of the brain. Small
vessel disease is believed to contribute to the development of ischaemia and tissue damage.
WMH are considered to be associated with impairment in cognitive function. However, results
from different studies are somewhat inconsistent, although most studies indicate a reduction
in executive function and processing speed [19, 20].

Although chronological age is the strongest risk factor for impaired cognitive perfor-
mance, many elderly people maintain a high level of intellectual ability throughout life.
Education, physical activity and social interaction have been suggested to preserve cognitive
function [2], theoretically compensating for different degrees of vascular risk factor load on
the brain. The aim of the present study was to investigate the effects of WMH and cerebral
microbleeds on cognitive results in an elderly group of individuals with well-preserved intel-
lectual abilities. We also aimed to study the association between arterial stiffness and the
presence of WMH and microbleeds in this particular group.
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Methods

Setting and Participants

The cognitively healthy elderly cohort of the Swedish BioFinder study was recruited from
Malmé Diet and Cancer Study (MDCS), a population-based cohort study conducted in Malmg,
Sweden. The original cohort consisted of 28,449 individuals, and details of recruitment and
data collection have been described previously [21]. Of these, 6,103 individuals were ran-
domly selected to take part in the MDCS cardiovascular cohort, focusing on cardiovascular
risk factors. The cardiovascular cohort was first examined between 1991 and 1996. Between
2007 and 2012, the MDCS cardiovascular cohort was re-examined with a participation rate
of 76% of survivors (n = 3,734). Data on health status were collected by questionnaire, clinical
examinations were performed and blood samples were drawn. Measurement of cfPWV and
cognitive screening tests were added to the re-examination protocol. A total of 3,329 indi-
viduals underwent cognitive screening with the Mini-Mental State Examination (MMSE).

Subjects were randomly invited to participate in the Swedish BioFinder study as cogni-
tively healthy elderly if they were aged >60 years, scored >27 points on MMSE and did not
have any subjective cognitive impairment (www.biofinder.se). Exclusion criteria were histo-
ry of transitory ischaemic attacks or stroke, presence of severe neurologic disease (e.g. Par-
kinson disease), severe psychiatric disease (e.g. severe depression or psychotic syndromes),
dementia or mild cognitive impairment (MCI). Data were collected between 2009 and 2013
in accordance with a standard protocol. It was conducted by a physician and consisted of a
review of medical history, extended cognitive testing and physical examination including
neurologic and psychiatric evaluation. The baseline BioFinder protocol also included MRI of
the brain and a lumbar puncture. The 208 participants who had undergone MRI by the time
of the present study were included in the analyses. However, one person terminated MRI
prematurely, and therefore the presence of cerebral microbleeds was estimated in 207 partic-
ipants; WMH were graded in all 208 participants.

Ethics
All individuals gave written consent to participate in the study. Ethical approval for the
study was given by the Ethical Committee of Lund University, Lund, Sweden.

Arterial Stiffness

cfPWV was estimated non-invasively with participants in the supine position after resting
for 5 min. The SphygmoCor system (AtCor Medical, Sydney, N.S.W., Australia) was used.
cfPWV was computed in metres/second as the distance travelled by the wave, divided by the
time it takes for the wave to travel the distance. The procedure has been described in more
detail elsewhere [4]. In brief, the distance was estimated by body surface measurements. The
carotid-femoral transit time was calculated using an electrocardiogram and a tonometer
(pressure-sensitive probe) to register pulse curves. Data on cfPWV measurements were
missing in cases of severe obesity and atrial fibrillation for technical reasons. Therefore,
cfPWV data were available on 196 individuals.

Magnetic Resonance Imaging

MRI was performed on a Siemens 3T (TRIO) imaging system. Axial 4-mm-thick fluid-
attenuated inversion recovery and coronal 4-mm-thick gradient-echo T2*-weighted images
were evaluated in this study. The images were visually rated by a reader (A.-M.G.) trained by
an experienced neuroradiologist (K.A.-K.). They were both blinded to all clinical data except
age and sex. The reader evaluated the images independently, and in cases of uncertainty the
final rating was done by a joined panel with the experienced neuroradiologist.
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Microbleeds were defined as round, hypointense lesions (signal voids) with a maximum
diameter of 10 mm on gradient-echo T2*-weighted images. Flow voids due to blood vessels
were disregarded. Symmetrical foci of low signal intensity in basal ganglia were considered
to be calcifications in the globus pallidus.

The presence of WMH was evaluated on axial fluid-attenuated inversion recovery images
and classified according to Fazeka’s rating scale [22]. Periventricular hyperintensities (PVH)
were graded as follows: 0, absence; 1, caps or pencil-thin lining; 2, smooth halos, or 3, irregular
PVH extending into the deep white matter. Deep WMH (DWMH) were graded as follows: 0,
absence; 1, punctuate foci; 2, beginning confluence of foci/coalescing, or 3, large confluent
areas. PVH grade 0 or 1 and DWMH grade 0 or 1 were considered normal. The presence of
either PVH or DWMH grade 2 or 3 was considered abnormal. Based on this, white matter
changes were dichotomized into normal or abnormal, and abnormal was referred to as the
presence of WMH.

Covariates

Blood pressure, anthropometric measurements and blood samples were collected during
the MDCS re-examination. Blood pressure was measured twice after 5 min of rest in the
supine position, immediately before the assessment of cfPWV. The equipment used was an
OMRON M5-I IntelliSense (Omron Healthcare, Kyoto, Japan). Use of medication, prevalent
diseases and lifestyle factors were derived from the MDCS questionnaire. Information on
years of education, smoking status and prevalent diseases was collected during the BioFinder
baseline visit. Cardiovascular disease was considered present when the participants reported
myocardial infarction, angina pectoris or intermittent claudication. Ischaemic heart disease
was considered present when the participants reported angina pectoris, myocardial infarc-
tion or coronary artery bypass operation.

Cognitive Function

Global cognitive function was assessed with the MMSE [23]. Episodic memory was
tested with Alzheimer’s Disease Assessment Scale delayed word recall [24]. The Symbol
Digit Modalities Test (SDMT) [25] and Trail Making Test part A [26] were used to assess
speed and attention. Executive function was tested with the Stroop test [27] and Trail Making
Test part B [26]. A Quick Test of Cognitive Speed [28] was used to test executive function as
well as attention and speed. Language fluency was evaluated with Letter S and Animal
Fluency [29].

Statistical Analysis

All statistical analyses were performed using SPSS statistical software (version 22 for
Windows). A p value <0.05 was considered significant. The independent samples t test was
used to estimate group differences for numerical variables, and the x? test was used for
categorical variables. If the expected count was <5 in one cell, the Fisher’s exact test was
used for categorical variables. The results are shown as mean * standard deviation (SD) or
number (%). The waist/hip ratio was logarithmically transformed due to the skewness of
the data.

MRI variables were dichotomized into the presence or absence of WMH and microbleeds,
respectively. Logistic regression models were used to assess the association between MRI
data and arterial stiffness. cfPWV was transformed to a z score (individual cfPWV measure
minus mean cfPWV measure divided by SD) when entered in the logistic regression models
in order to evaluate the odds ratio (OR) per SD increase in cfPWV. The covariates were chosen
based on previous literature on the assessment of cfPWV and risk factors for cerebral small
vessel disease. Model 1 was adjusted for age and sex. Model 2 was further adjusted for mean
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Table 1. Characteristics of the cognitively healthy elderly in the Swedish BioFinder study compared with the
MDCS re-examination cohort

Characteristics n Cognitively healthy MDCS p
(n=208) (n=3,526) value
Age, years 3,734 71+£4.8 73+5.6 <0.001
Male sex 3,734 85 (41) 1,437 (41) 0.98
Higher education 3,619 104 (51) 1,037 (30) <0.001
Ever smoking 3,614 127 (62) 1,842 (54) 0.033
Waist/hip ratio 3,696 0.89+0.1 0.90+0.1 0.36!
Sedentary lifestyle 3,679 5(2.4) 298 (8.6) 0.002
Systolic blood pressure, mm Hg 3,694 137+17 144+19 <0.001
Diastolic blood pressure, mm Hg 3,692 82+10 8310 0.31
Total cholesterol, mmol/1 3,692 5.3+1.1 52+1.1 0.07
Fasting plasma glucose, mmol/1 3,694 59+£1.0 6.2+15 0.006
Cardiovascular disease 3,127 12 (6.7) 478 (16) 0.001
PWV, m/s 3,056 10.0£2.0 11.#2.5 0.001
MMSE score 3,329 29+0.8 28+19 <0.001
AQT, s 3,310 65+11 75+21 <0.001
Blood pressure-lowering medication 3,734 86 (41) 1,796 (51) 0.007
Lipid-lowering medication 3,734 57 (27) 1,072 (30) 0.36
Antidiabetic medication 3,734 13 (6.3) 300 (8.5) 0.25
Antiplatelet medication (ASA) 3,734 28 (14) 861 (24) <0.001
Anticoagulant medication (warfarin) 3,734 9 (4.3) 165 (4.7) 0.82

Values are presented as mean = SD or n (%). Group differences were analysed using the independent
samples t test (numeric variables) or y? test (categorical variables). ASA = Acetylsalicylic acid; AQT = A Quick
Test of Cognitive Speed.

1 p value on log data.

arterial pressure (MAP), heart rate, height, weight, smoking, total cholesterol, use of lipid-
lowering medication and use of blood pressure-lowering medication. MAP was calculated as
diastolic pressure + 1/3 (systolic pressure - diastolic pressure). The results are shown as the
OR with 95% confidence interval (CI).

Analysis of covariance was used to assess differences in cognitive performance between
the groups with presence or absence of microbleeds and WMH, including age, sex and years
of education as covariates. Linear regression models were used to explore any association
between cognitive test results and cfPWV.

Results

Participants

The characteristics of the cognitively healthy elderly cohort are compared with the larger
MDCS cohort in table 1. The differences in the two cohorts remained significant after adjust-
ments for age. A history of smoking was less common among the cognitively healthy elderly,
but the difference did not reach significance after adjustments for age (age adjusted p > 0.05).

The study population consisted of 208 individuals. The mean (*SD) age at BioFinder
study entry was 71.8 (+4.7) years and 59% were women. The mean (+SD) cfPWV was 10.0
(¥2.0) m/s. Twenty-five of 207 individuals (12%) had cerebral microbleeds and 65 of 208
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Table 2. Characteristics of the study population grouped by the presence of cerebral microbleeds (CMB) and WMH

Characteristics n CMB- CMB+ p n WMH- WMH+ p

(n = 182) [n = 25) value (n = 14-3) [n = 65) value
Age, years 207 72+4.6 73+5.5 0.36 208 71+4.6 73+4.7 0.001
Male sex 207 69 (38) 15(60) 0.035 208 61 (43) 24 (37) 0.44
Education, years 207 12+3.6 13+4.5 0.29 208 12+3.7 12+3.7 0.65
Currently smoking 207 15 (8.2) 5(20) 0.07 208 13(9.1) 7(11) 0.70
Waist-to-hip ratio 207 0.88+0.1 0.93%0.1 0.027' 208 0.89+0.1 0.89x0.1 1.0
Sedentary lifestyle 206 4(2.2) 1(4.0) 048 207 3(2.1) 2(3.1) 0.65
Systolic blood pressure, mm Hg 207 13717 139+21 0.62 208 135%17 142+18  0.005
Diastolic blood pressure, mm Hg 207 82+10 85+12 0.23 208 81+9.4 84+12  0.08
Total cholesterol, mmol/I 207 53+1.1 5.3%1.0 0.82 208 53+1.1 54+1.1 0.59
Fasting plasma glucose, mmol/] 207 59+1.0 5.6+0.7 0.10 208 59+1.1 58+0.8 0.33
Ischemic heart disease 207 11 (6.0) 4(16) 0.09 208 10 (7.0) 5(7.7) 1.00
PWV, m/s 195 10+2.0 10+2.0 0.76 196  9.7%£1.9 11+19 0.002
Blood pressure-lowering medication 207 74 (41) 11 (44) 0.75 208 58 (41) 28 (43) 0.73
Lipid-lowering medication 207 49 (27) 8(32) 0.59 208 41 (29) 16 (25) 0.54
Antidiabetic medication 207 12 (6.6) 1(4.0) 1.00 208 10 (7.0) 3(4.6) 0.76
Antiplatelet medication (ASA) 207 23(13) 5(20) 0.35 208 18 (13) 10 (15) 0.58
Anticoagulant medication (warfarin) 207 6(3.3) 3(12) 0.08 208 2(14) 7 (11) 0.005

Values are presented as mean * SD or n (%). Group differences were analysed using the independent samples t test (numeric
variables) or x? test/Fisher’s exact test (categorical variables). ASA = Acetylsalicylic acid.
! p value on log data.

Table 3. Association between arterial stiffness and the presence of cerebral microbleeds (CMB) and WMH

PWV per SD increase CMB WMH

n OR (95% CI) p value n OR (95% CI) p value
Unadjusted 195  1.09 (0.63-1.88) 0.75 196 1.83 (1.24-2.72) 0.003
Model 1 195  0.88(0.48-1.19) 0.69 196 1.58 (1.04-2.40) 0.03
Model 2 195  0.67 (0.31-1.44) 0.31 196 1.29 (0.81-2.08) 0.29

Logistic regression models with MRI-derived markers as dependent variables. Model 1 adjusted for age
and sex. Model 2 adjusted for age, sex, MAP, heart rate, height, weight, smoking, total cholesterol, use of lipid-
lowering medication and use of blood pressure-lowering medication.

(31%) had WMH on MRI. Six individuals (3%) had multiple microbleeds and 10 (5%) had
both WMH and microbleeds.

Univariate statistical analysis of the study population, grouped by the presence of micro-
bleeds and WMH, is presented in table 2. Individuals with microbleeds were more often male
(p < 0.05) and had a higher waist/hip ratio (p < 0.05). No other differences could be detected
between individuals with or without microbleeds (table 2). Individuals with WMH were
significantly older (p = 0.001), had higher systolic blood pressure (p = 0.005), higher PWV
(p = 0.002) and were more frequently prescribed warfarin (p = 0.005). No other differences
between individuals with or without WMH were found (table 2).
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Table 4. Cognitive test results grouped by the presence of cerebral microbleeds (CMB) and WMH

Cognitive test results n CMB- CMB+ p n WMH- WMH+ p
(n=182) (n=25) value (n=143) (n=65) value
MMSE, n 207  29%0.9 29+0.8 0.66 208 29+0.9 29+09 036
AQT, s 207 63%11 62+88 0.54 208 63+12 64+8.4 0.83
ADAS delayed word recall,n 207 8.2%#1.8 7.9+19 0.72 208 8.1+19 8.2+1.6 0.51
SDMT, n 207 38%8.2 36+8.5 042 208 39+8.1 35+7.8 0.049
Stroop, s 207  28%59 27+6.0 034 208 28%6.2 28+54 0.22
TMT-A, s 207  44+14 4211 0.33 208 42+23 47+15 0.23
TMT-B, s 164 96+50 92+35 0.64 165 97+54 93+35  0.15
Letter S, n 207 16%5.6 15458 053 208 1654 16+6.2 0.97
Animal fluency, n 207  22+5.1 22+6.5 0.54 208 22#5.1 21+5.7 0.98

Values are presented as mean * SD. Group differences were analysed using analysis of covariance, adjusted
for age, sex and years of education. AQT = A Quick Test of Cognitive Speed; ADAS = Alzheimer’s Disease
Assessment Scale; TMT-A/B = Trail Making Test part A/B; n = number of correct answers.

Association between cfPWV and Microbleeds or WMH

PWV measures were available for 195 individuals with microbleed ratings and 196 with
WMH ratings. There was no association between the presence of microbleeds and arterial
stiffness in the univariate or adjusted logistic regression models (table 3). There was an asso-
ciation between arterial stiffness and WMH in the crude analysis (unadjusted OR, 1.83; 95%
Cl, 1.24-2.72; p = 0.003). The association was attenuated, but remained significant, after
adjustment for age and sex (OR, 1.58; 95% CI, 1.04-2.40; p = 0.03). When further adjustments
were made, the association was no longer statistically significant (table 3).

Cognitive Test Results

There was no difference in cognitive performance between individuals with or without
microbleeds (table 4). Individuals with WMH performed slightly worse than individuals
without WMH on the SDMT (mean + SD; 35 + 7.8 correct answers vs. 39 + 8.1 correct answers;
p value = 0.049). No other differences between those with or without WMH were found
(table 4). All models were adjusted for age, sex and years of education.

Usinglinear regression models, we found no statistically significant associations between
arterial stiffness and different cognitive test results in the study population. All models were
adjusted for age, sex and years of education (data not shown).

Discussion

In this observational study of cognitively healthy individuals, arterial stiffness was not
related to the presence of cerebral microbleeds, and their presence did not affect cognitive
performance. Higher measures of arterial stiffness were related to the presence of WMH, and
individuals with WMH had a reduced outcome in one test reflecting the cognitive domains of
speed and attention (SDMT).

Our neutral results regarding microbleeds are in line with previous studies by Henskens
etal. [11] and Poels et al. [12] and therefore support these findings also in cognitively healthy
individuals. Studies that have shown a positive association between arterial stiffness and
microbleeds used brachial-ankle PWV [30, 31], which is not considered to be as reliable as
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cfPWV measurements because the first method includes not only elastic arteries but also
muscular arteries in the limbs [4].

On assessment, microbleeds are often categorized according to location, separating
strictly lobar microbleeds from deep or infratentorial microbleeds. Poels et al. [12] found an
association between arterial stiffness and deep or infratentorial microbleeds in individuals
with uncontrolled hypertension. This may be explained by the theoretical assumption that
deep or infratentorial microbleeds appear due to hypertensive vasculopathy, whereas lobar
microbleeds are a result of amyloid angiopathy [32]. Other studies also investigated the
number of microbleeds when exploring associations with cognitive performance, and multiple
microbleeds were associated with worse cognitive performance than solitary microbleeds
[15, 16]. In our data, we did not apply these categorizations due to the relatively low number
of cases with microbleeds (n = 25) and the low prevalence of multiple microbleeds (n = 6).
The lack of significant associations between microbleeds and arterial stiffness and cognition
is therefore mainly based on the presence of solitary microbleeds.

Our results on a positive association between increasing cfPWV and the presence of
WMH remained significant when age and sex were included in the logistic regression
model. However, the effects did not remain significant when MAP, heart rate and other
cardiovascular covariates were entered into the model. Other studies have shown more
robust associations [6, 11, 12, 33]. These discrepancies may be due to their larger study
populations, evaluation of high-risk populations and assessment of WMH volume instead
of visual rating.

Arterial stiffness was not associated with cognitive performance in our population. A
recent review concluded that the current evidence is highly suggestive of an association
between arterial stiffness and cognitive function but it is not conclusive due to the imprecise
measurements often used, such as brachial-ankle PWV (as discussed above) and MMSE [34].
MMSE is mainly a screening test and is not precise enough to test more detailed cognitive
function. The domains affected also differ between studies [6, 7, 34]. This may indicate that
the associations are weak as a result of the complexity of brain ageing, cognitive reserve and
its effect on cognitive performance. Because our population was selected based on the absence
of cognitive disabilities, it is probable that any cross-sectional association with cognitive
performance is difficult to establish, even though the inclusion criteria of MMSE score >27
does not rule out impairments in more domain-specific tests.

The cognitively healthy elderly cohort of the Swedish BioFinder study consists of a
selected population of elderly individuals with a higher level of education, less cardiovascular
disease, and who are more physically active than the general population. This might be
regarded as a selection bias, but is probably an underlying prerequisite for preserving
cognitive function. Since the aim of the study was to investigate a group of cognitively healthy
elderly, these differences from the general population are anticipated and support the notion
that this is the intended study population.

Although cognitive impairment is common among the elderly, a majority have generally
preserved cognitive abilities. Many studies are carried out in memory clinic settings, thus
focusing on diseased brains. Our study aimed to focus on individuals who did not have
subjective or objective cognitive impairment in order to study whether previously reported
disease-generating mechanisms are clinically important in this population. Our findings
imply that elderly people with structural brain changes, evident on MRI, may perform well on
cognitive tests and lead a symptom-free life. This supports the assumption that cognitive
reserve plays an important role in cognitive function and further underlines the importance
of combining neuroimaging with symptom analyses and detailed cognitive testing in clinical
practice when the aim is to differentiate between normal cognitive aging and MCI. Itis of great
significance to further evaluate these individuals longitudinally in order to pursue cognitive
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assessment over time and evaluate if markers of cerebral small vessel disease on MRI predict
conversion to MCI and dementia.

One limitation of the study is its cross-sectional design, which does not address causality.
In addition, the grading of structural brain damage was done visually, and this mightintroduce
subjectivity in the grading. Susceptibility-weighted imaging has been suggested to be more
sensitive for the detection of microbleeds compared to T2*-weighted MRI used in our study.
This may possibly underestimate the prevalence of microbleeds. The study sample is rela-
tively small, and this prevented us from doing separate analyses based on the number and
location of microbleeds, as previously mentioned. Furthermore, including multiple covariates
in the analyses with few positive events might attenuate the statistical effects and hence
possibly underestimate the strength of the underlying association.

Conclusions

In this cross-sectional study of a population of cognitively healthy individuals, arterial
stiffness did not influence the presence of cerebral microbleeds or cognitive function. Arterial
stiffness was related to the presence of WMH, but the association was attenuated when
multiple adjustments were made. There was a weak negative association between WMH and
performance in one specific test of attention. Longitudinal follow-up studies are ongoing to
further assess the role of microbleeds and WMH on the development of cognitive decline.
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