
Cerebral Circulation - Cognition and Behavior 3 (2022) 100125

Available online 20 February 2022
2666-2450/© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Cerebral perfusion and the risk of cognitive decline and dementia in 
community dwelling older people 

H Abdulrahman a,b,*,1, M Hafdi a,1, HJMM Mutsaerts c, J Petr d, WA van Gool e, E Richard b,e, 
J van Dalen a,b 

a Amsterdam University Medical Center, University of Amsterdam, Department of Neurology, Meibergdreef 9, Amsterdam, the Netherlands 
b Radboud University Medical Center, Donders Institute for Brain, Cognition and Behavior, Department of Neurology, Reinier Postlaan 4, Nijmegen, the Netherlands 
c Amsterdam University Medical Center, University of Amsterdam, Department of Radiology, Meibergdreef 9, Amsterdam, the Netherlands 
d Helmholtz-Zentrum Dresden-Rossendorf, Institute of Radiopharmaceutical Cancer Research, Dresden, Germany 
e Amsterdam University Medical Center, University of Amsterdam, Department of Public and Occupational Health, Meibergdreef 9, Amsterdam, the Netherlands   

A R T I C L E  I N F O   

Keywords: 
Cerebral blood flow 
Spatial coefficient of variation 
White matter hyperintensities 
Magnetic resonance imaging 
Cognitive decline 
Dementia 

A B S T R A C T   

Background:  The arterial spin labeling-spatial coefficient of variation (sCoV) is a new vascular magnetic reso-
nance imaging (MRI) parameter that could be a more sensitive marker for dementia-associated cerebral 
microvascular disease than the commonly used MRI markers cerebral blood flow (CBF) and white matter 
hyperintensity volume (WMHV). 
Methods: 195 community-dwelling older people with hypertension were invited to undergo MRI twice, with a 
three-year interval. Cognition was evaluated every two years for 6-8 years using the mini-mental state exami-
nation (MMSE). We assessed relations of sCoV, CBF and WMHV with cognitive decline during follow-up. We also 
registered dementia diagnoses, up to 9 years after the first scan. In an additional analysis, we compared these 
MRI parameters between participants that did and did not develop dementia. 
Results: 136/195 completed the second scan. sCoV and CBF were not associated with MMSE changes during 6-8 
years of follow-up. Higher WMHV was associated with declining MMSE scores (-0.02 points/year/ml, 95%CI=- 
0.03 to -0.00). ScOv and CBF did not differ between participants who did (n=15) and did not (n=180) develop 
dementia, whereas higher WMHV was reported in participants who developed dementia after the first MRI (13.3 
vs 6.1mL, p<0.001). There were no associations between longitudinal change in any of the MRI parameters and 
cognitive decline or subsequent dementia. 
Conclusion: Global sCoV and CBF were less sensitive longitudinal markers of cognitive decline and dementia 
compared to WMHV in community-dwelling older people with hypertension. Larger longitudinal MRI perfusion 
studies are needed to identify possible (regional) patterns of cerebral perfusion preceding cognitive decline and 
dementia diagnosis.    

Non-standard Abbreviations and Acronyms 
ASL Arterial spin labeling 
CBF Cerebral blood flow 
FLAIR Fluid-Attenuated Inverse Recovery 
GM Grey Matter 
MMSE Mini-mental state examination 
sCoV Spatial coefficient of variation 
WMHV White matter hyperintensity volume 

WM White matter 
GM Grey matter 

Introduction 

Dementia is an important health problem, affecting 50 million peo-
ple worldwide [1]. The pathological mechanisms that cause this con-
dition remain largely unknown, but there is growing evidence that these 
mechanisms include a cerebrovascular component [2]. 
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Dementia-related cerebral microvascular changes may be detectable 
years before clinical features become apparent [3]. As potential markers 
of these microvascular changes white matter hyperintensities (WMH) 
and dysregulation of cerebral perfusion have been associated with 
cognitive decline. Cross-sectional studies have demonstrated associa-
tions between reductions in CBF and WMH progression as potentially 
important contributors to cerebral small vessel disease, and thereby to 
old-age dementia, whereas longitudinal reports are inconsistent [4]. 
Whether CBF reductions and WMH progression precede or follow 
cognitive decline is unknown, leaving the circumstances by which these 
associations occur not fully elucidated [5]. Despite the fact that the di-
rection of the associations between CBF, WMH and cognition is not well 
understood, both WMH as well as dysregulation of CBF have been 
associated with cognitive impairment and may be potentially useful for 
identifying those at risk of cognitive decline and dementia [6–10]. 
Magnetic resonance imaging (MRI) can be used for the assessment of 
WMHs and cerebral perfusion using Fluid-Attenuated Inverse Recovery 
(FLAIR) and arterial spin labeling (ASL) sequences respectively. In ASL 
techniques, arterial blood water protons are magnetically labeled [11]. 
This approach can accurately quantify cerebral perfusion, operational-
ized as cerebral blood flow (CBF) [12]. However, the time it takes the 
labeled proton to travel from the labeling plane in the neck to an im-
aging voxel, the arterial transit time (ATT), ideally requires optimal 
acquisition timing. Particularly in the presence of increased vascular 
resistance, for example atherosclerosis, ATT may be prolonged, causing 
heterogeneity in ASL images and less accurate estimation of CBF [13, 
14]. 

The spatial coefficient of variation (sCoV) can be considered a proxy 
measure of ATT, that estimates ATT indirectly by the distribution of 
ASL-signal. In the presence of increased vascular resistance, this dy-
namic vascular parameter has the potential to provide more accurate 
information on dementia-related cerebral vascular changes, compared 
to other commonly used MRI markers such as CBF and WMHV [11]. We 
hypothesize that ASL-sCoV is more strongly related to cognitive decline 
compared to CBF and WMHV in community-dwelling older adults. 

Methods 

Study design and participants 

Fig. 1 provides a brief overview of the study. We performed a post- 
hoc analysis on the MRI substudy (preDIVA-M) of the Prevention of 
Dementia by Intensive Vascular Care (preDIVA) Trial. The preDIVA trial 
and the preDIVA-M substudy have been described in detail previously 
[15,16]. In brief, preDIVA was a cluster-randomized controlled trial in 
community-dwelling older adults, studying the efficacy of nurse-led 
cardiovascular risk management compared to usual care at the general 
practitioner setting [15]. 

For the preDIVA-M substudy, a subset of 195 preDIVA participants, 
equally distributed between intervention arms, with systolic hyperten-
sion (>140 mmHg) and without dementia at the two-year follow-up 
visit, were invited to undergo MRI (scan 1) and again three years later 
(scan 2) [15]. For the current study, we analysed the preDIVA-M pop-
ulation as a single cohort irrespective of treatment allocation, because 
there were no differences between the preDIVA trial arms in WMHV, 
ASL measurements, or dementia incidence [15], nor was it likely that 
the preDIVA intervention affected the relation of WMHs or ASL mea-
surements with cognitive decline or incident dementia. 

Cognitive decline and dementia 

Clinical parameters were evaluated by trained research nurses at 
baseline and every following 2 years for a total of 6-8 years. Assessments 
included anthropometrics, medical history, medication use, risk factors 
for cardiovascular disease and dementia, and assessment of cognitive 
function using the Mini-Mental State Examination (MMSE) [17]. Infor-
mation was cross-checked with the general practitioner’s electronic 
health records. In the current study, we operationalized cognitive 
decline as the course of the MMSE-scores during the 6–8-years of 
follow-up. 

For dementia and mortality, follow-up extended up to 10-12 years 
after preDIVA trial baseline [15]. All potentially relevant information on 
(suspected) dementia during this time was gathered from participants’ 
electronic health records. Incident dementia was defined as a clinical 
diagnosis according to the Diagnostic and Statistical Manual of Mental 
Disorders-IV [16], confirmed by an independent outcome adjudication 
committee, consisting of geriatricians, old-age psychiatrists, general 
practitioners, cardiologists, and neurologists, who evaluated all avail-
able clinical data, including reports on hospital admissions, outpatient 
diagnostic evaluations, neuropsychological examinations, and reports 
by the general practitioner. All dementia diagnoses were re-evaluated on 
the basis of the clinical course after 1 year to minimize the risk of 
false-positive diagnoses. 

MR Imaging measures 

MRI acquisition details have been described previously [16]. Studied 
MRI measures included WMHV, and CBF and sCoV in the grey matter 
(GM). CBF and sCoV were evaluated both with use of vascular crushing 
gradients in ASL (crushed; more sensitive for microvasculature perfu-
sion) and without vascular crushing (non-crushed; including both micro- 
and macrovascular perfusion). The most relevant value for CBF would 
be the crushed measure, providing the best proxy for cerebral perfusion, 
and for sCoV the non-crushed value, providing the best proxy for dis-
tribution of ASL signal. However, for completeness both crushed and 
non-crushed are reported in this paper. Brain volumes were calculated 

Fig. 1. Study Flowchart  
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from 3DT1 scans using Statistical Parametric Mapping (SPM12) [18]. 
Image processing for the structural and ASL images was performed 

with ExploreASL [19]. Structural processing employed Lesion Segmen-
tation Toolbox (LST) (WMH segmentation and T1w lesion-filling before 
GM/WM segmentation) [20,21] and CAT12 (T1w segmentation and 
spatial normalization).[22] GM masks were defined as pGM>0.7 [23]. 
ASL image processing included motion correction, motion outlier 
detection and rigid-body registration of CBF to the GM map [19]. CBF 
was quantified from ASL images using a single compartment model [14]. 
The sCoV was defined as the standard deviation of CBF divided by the 
mean CBF in the total GM [24]. To affirm the validity of our CBF esti-
mations, we compared the associations of CBF with age and sex in our 
study, which are both well-documented modifiers of CBF, to those found 
in other studies in similar populations of community-dwelling older 
people [8,25,26]. 

Statistical analysis 

In our primary analysis, we assessed the relation of CBF, sCoV, and 
WMHV with cognitive decline, by using repeated measurement models 
of the change in MMSE score during the preDIVA trial relative to the 
preDIVA baseline. In these models, we used the preDIVA two-yearly 
follow-up visits’ MMSE scores prior to MRI as outcomes, predicted by 
each individual MRI measure, adjusted for baseline MMSE score, sex, 
age at MMSE assessment, age at MRI, antihypertension medication use, 
and MRI visit number (scan 1/scan 2), with a random intercept per 
participant to account for multiple measurements within individuals. 
These models included both MRI measures collected at scan 1 and scan 2 
for the main model. WHMV and sCoV were logistically transformed to 
approach a normal distribution [27,28]. 

To affirm the robustness of our findings, we repeated analyses 
assessing MRI measures at scan 1 and 2 separately. We also assessed the 
relation between change in MMSE score and change in MRI measures in 
similar models, with the change per year in MRI measure from scan 1 to 
scan 2 as predictor, additionally adjusted for the MRI value at scan 1 for 
WMHV. Two previous studies from the preDIVA-M cohort did not report 
an association between blood pressure levels and global WMH pro-
gression, which is why we did not adjust for blood pressure levels in the 
current study [27,29]. 

As a secondary analysis, we investigated whether the evaluated MRI 
parameters differed between individuals who developed dementia dur-
ing the 6-9 years follow-up following MRI, using a case-cohort design, 
and performing Student’s t tests and Wilcoxon rank-sum tests comparing 
MRI measures. In addition, we compared mean and median annual 
change in imaging measures between these groups, operationalized as 
the difference between MRI measures at scan 1 and 2 divided by the time 
between measurements. To evaluate the influence of potential con-
founders, repeated measurement models were performed with MRI 
measures on scan 1 and scan 2 as outcomes and subsequent dementia as 
predictor. Again, WHMV and sCoV were logistically transformed to 
approach a normal distribution [27,28]. All repeated measurement an-
alyses were adjusted for age, sex, and antihypertension medication use. 
WMHV was additionally adjusted for total brain volume. We verified the 
findings of our repeated measurement models using linear regression 
models for the baseline and follow-up MRI separately. All analyses were 
carried out using R statistical software v3.6.1 [30]. 

Results 

Population characteristics 

In total, 195 participants underwent the first MRI scan of whom 136 
(69%) also attended the follow-up scan, on average 34 (SD1.2) months 
later (Fig. 1). Table 1 lists the population characteristics. The mean age 
of the population at the first scan was 77.3±2.5 years. 

Cognitive decline 

CBF and sCoV were not associated with annual MMSE change during 
the preDIVA trial (-0.00 points per mL/100g/min, 95%CI=-0.01-0.00, 
p=0.46 and 0.04 points/SD, 95%CI=-0.08-0.16, p=0.55, respectively) 
(Table 2). These relations were also absent when looking at scan 1 and 2 
separately (Supplementary Table 1). Higher volume of WMH was 
associated with greater annual decline in MMSE (-0.02 points/mL, 95% 
CI=-0.03-0.00, p=0.03) during preDIVA (Table 2), with comparable 
effect sizes for scan 1 (-0.02 points/mL, 95%CI=-0.03-0.00, p=0.03) and 
scan 2 (-0.01 points/mL, 95%CI=-0.02-0.01, p=0.28, Supplementary 
Table 1). There were no significant associations between annual change 
in MMSE during the study and change in MRI measures between scan 1 
and scan 2 (Supplementary Table 2). 

The effect sizes for the associations of CBF with age and sex were 
similar to those in previous studies in similar populations, with CBF 
being lower with higher age (standardized beta: -0.21, 95%CI=-0.27 to 
-0.15, p<0.001), and lower in women (standardized beta: -0.41, 95% 

Table 1 
Population characteristics of participants.   

Scan 1n=195 Scan 2n=136 

Women, % 103 (52.8) 72 (52.9) 
Age in years, mean (± SD) 77.3 (2.5) 80.0 (2.6) 
History stroke (incl. cortical 

infarctions), % 
13 (6.8) 10 (7.5) 

History DM2, % 20 (10.3) 14 (10.3) 
History CVD, % 40 (21.3) 26 (19.8) 
MMSE, mean (±SD) 28.6 (1.5) 28.9 (1.3) 
Smoking status, 

Never / Former/ Current % 
14 (7.2) /3 (1.5) 
/178 (91.3) 

6 (4.4) /3 (2.2)/119 
(87.5) 

Antihypertension medication use, 
% 

79 (40.5) 75 (55.2) 

Antiplatelet use, % 52 (36.3) 35 (27.3) 
Antithrombotic use, % 60 (30.8) 43 (33.6) 
SBP, mean (±SD) 151.2 (21.5) 156.4 (18.3) 
DBP, mean (±SD) 81.8 (11.6) 79.5 (11.0) 
Cholesterol, mean (±SD) 5.4 (1.2) 5.2 (1.1) 
LDL, mean (±SD) 3.3 (1.1) 2.8 (1.0) 
HDL, mean(±SD) 1.6 (0.4) 1.6 (0.5) 

Abbreviations: SD= standard deviation, DM2=diabetes mellitus type 2, CVD =
cardiovascular disease, MMSE=mini mental state examination, SBP=systolic 
blood pressure, DBP=diastolic blood pressure, LDL=low-density lipoprotein, 
HDL=high-density lipoprotein. 
Missings scan 1/2: Sex 0/0, age: 0/0, history of stroke 3/2, DM2 0/0, CVD 7/5, 
MMSE 1/2, smoking status 0/8, antiplatelet use 0/8, antithrombotic use 0/8, 
SBP 1/9, DBP 1/9, cholesterol 35/19, LDL 40/19, HDL 37/19. 

Table 2 
Association between MRI parameters and annual change in MMSE during the 
study. Results of repeated measurements mixed models with each individual 
MRI parameter as predictor and annual MMSE change per 1.0 point during the 
study as outcome, adjusted for age, sex, antihypertension medication use, and 
MMSE at baseline.  

MRIparameter n MMSE /n 
individuals 

ES 95%CI p- 
value 

WMH volume (mL) 833/179 -0.02 -0.03 to 
-0.00 

0.03 

CBF GM (mL/100g/min) 840/186 -0.00 -0.01 to 
0.00 

0.40 

CBF GM, crushed (mL/ 
100g/min) 

840/186 -0.00 -0.01 to 
0.00 

0.46 

CBF spatial CoV (SD) a 840/186 0.04 -0.08 to 
0.16 

0.55 

CBF spatial CoV, crushed 
(SD) a 

840/186 0.02 -0.10 to 
0.13 

0.79 

Abbreviations: ES= Effect Size, CI= confidence interval GM = grey matter, 
WMH = white matter hyperintensity, CBF = cerebral blood flow, CoV = coef-
ficient of variation 

a These variables were introduced on a log scale. 
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CI=-0.65- -0.16, p=0.001) (Supplementary Table 3) [8,25,26]. 

Dementia 

Fifteen (7.7%) participants developed dementia during a median 
follow-up of 7.0 years (interquartile range (IQR) 6.4-8.3) since the first 
scan, eight of whom also underwent a second scan before developing 
dementia. 

Mean and longitudinal change in CBF and sCoV (non-crushed and 
crushed) were similar for individuals who developed dementia versus 
those who did not in the years following MRI at either scan (Table 3). 

WHMV at scan 1 was higher in participants who developed dementia 
following MRI (Table 3; Fig. 2) compared to those who did (13.3 vs 6.1 
mL, p<0.001). This difference was similar at scan 2, albeit not signifi-
cant due to less power (15.0 vs 7.9 mL, p=0.14). Annual WHMV pro-
gression did not significantly differ between dementia vs no dementia 
groups (1.2 vs 0.5 ml/year, p=0.10). Results were similar when only 
including participants who attended both scan waves, but not significant 
due to less power (Supplementary table 4). 

Repeated measurement models combining scan 1 and scan 2, showed 
that participants who developed dementia had higher WMHVs than 
those who did not (8.59 mL, 95%CI 4.62 – 13.1; Table 4). These results 
were consistent in separate regression analyses of scan 1 and scan 2 
(Supplementary table 5). 

Discussion 

This study has three main findings. First, both sCoV and CBF were 
not associated with changes in MMSE score during 6-8 year of follow-up, 

whereas higher WMHV was associated with declining MMSE scores 
during the trial. Second, sCoV and CBF did not differ between partici-
pants who did and did not develop dementia in the 8 years follow-up 
period, whereas WMHV was significantly higher in those who devel-
oped dementia. Finally, there were no associations between longitudinal 
change from the first to second MRI and cognitive decline nor subse-
quent dementia for any of the investigated MRI measures. 

Our findings from the repeated measurement models imply that, 
compared to WMHV, CBF and sCoV were not sensitive markers to detect 
longitudinal vascular or perfusion correlates of cognitive decline or 
dementia in community-dwelling older adults. This finding may have 
several explanations. First, our study might have been underpowered to 
detect differences in the ASL-outcomes between the group, especially 
given the low incidence of dementia in our cohort. Despite this relatively 
small sample size, we did observe significant associations between 
higher WMHV and more rapid cognitive decline, and that WMHV was 
significantly higher in individuals who later developed dementia. 
Although the difference was not significant, WMHV progression was 
higher in those who developed dementia compared to those who did not. 
Next to the relatively low number of individuals who developed de-
mentia, the relatively short time-interval between scans (mean: 2.8 
years) may have also contributed to the lack of an association with CBF 
and sCoV, although WMHV was not affected by this [28]. 

The macrovascular assessment of cerebral hemodynamic status, 
using CBF and sCoV, seems less sensitive for identifying individuals at 
risk of cognitive decline and possibly incipient dementia than WMHV. 
These findings are in line with previous reports [31–34]. 

CBF heterogeneity may also occur at the microvascular level of ce-
rebral capillaries as the result of progressive disturbances in CBF pat-
terns caused by (incipient) dementia [35]. Local, rather than global, 
dysregulation of CBF has particularly been associated with tissue dam-
age – manifesting as WMH [36,37]. Ultimately, the micro- and macro-
vascular properties of CBF heterogeneity may help improve our 
understanding on the pathological mechanisms that underlie cerebral 
small vessel disease and dementia. 

A second explanation to our findings lies in the large physiological 
variability that CBF and, to a lesser extent, sCoV are prone to throughout 
the day. This large intra-individual variability may negatively affect the 
suitability of these markers to study between group differences, both 
cross-sectionally and longitudinally. WMHV is a parameter that is less 
subject to this variability [38]. 

Third, CBF estimations might have been insufficiently accurate, but 
cross-checking the associations of CBF and established CBF modifiers (i. 
e., age, sex) with findings from previous studies, confirmed the validity 
of our measurements in comparison with previous cohorts, making this 
less plausible [8,25,26]. 

Fourth, although the association of CBF and CBF velocity with 
cognitive deterioration has frequently been described in midlife [8,39], 
the null findings in this study could reflect the absence of an association 
of CBF and sCoV with cognitive decline and incipient dementia in older 
populations. A possible explanation is that CBF loses its discriminative 
properties in older age due to age-related changes in CBF and sCoV 
occurring with normal ageing, which might reflect microvascular 
changes such as decreased elasticity and increased tortuosity of the 
small vessels [40,41]. In addition, most studies investigated CBF asso-
ciations in participants with advanced disease, whereas our study sam-
ple included relatively healthy participants [42]. It is possible that 
certain correlations may be stronger and easier to detect in study pop-
ulations with (advanced) cerebrovascular pathology. 

Fifth, previous studies mainly suggest an association between spe-
cific regional cerebral differences (e.g., cingulate, precuneus, parietal 
lobes and inferior frontal regions among others) in perfusion measures 
in participants with and without dementia [43]. These regional de-
creases in CBF have also been reported in the preclinical phase of de-
mentia, predicting cognitive decline and progression to dementia in 
patients with mild cognitive impairment [44–48]. 

Table 3 
Imaging characteristics for participants who did and did not develop dementia  

Imaging 
variable 

Radiological 
assessment 

No 
DementiaScan 1 
n=180,Scan 2 
n=128 

DementiaScan 1 
n=15,Scan 2 n=8 

p- 
value 

WMH 
Volume 
(mL), 
Median 
(IQR) 

Scan 1 6.1 (3.4 – 10.5) 13.3 (9.4 – 20.0) < 
0.001 

Scan 2 7.9 (4.4 – 12.3) 15.0 (9.5 – 28.0) 0.14 
Δ /year (SD) 0.5 (0.7) 1.2 (1.0) 0.10 

CBF GM 
(mL/ 
100g/ 
min), 
Mean 
(±SD) 

Scan 1 67.89 (22.11) 60.49 (17.97) 0.17 
Scan 2 64.45 (24.74) 67.83 (16.18) 0.68 
Δ/year (SD) -1.78 (7.9) 1.57 (8.1) 0.41 

CBF GM 
crushed 
(mL/ 
100gr/ 
minute), 
Mean 
(±SD) 

Scan 1 79.43 (18.24) 78.99 (19.80) 0.94 
Scan 2 80.39 (24.33) 79.32 (27.39) 0.94 
Δ/year (SD) -0.02 (8.3) 0.72 (10.55) 0.88 

CBF spatial 
CoV 
(SD), 
Median 
(IQR) 

Scan 1 0.46 (0.40 – 0.57) 0.51 (0.48 – 
0.60) 

0.24 

Scan 2 0.45 (0.39 – 0.54) 0.46 (0.42 – 
0.48) 

0.72 

Δ/year (SD) - 0.01 (0.0) 0.00 (0.1) 0.93 
Scan 2 0.46 (0.42 – 0.55) 0.48 (0.46 – 

0.52) 
0.76 

Δ/year (SD) 0.00 (0.1) -0.01 (0.1) 0.49 

Abbreviations: GM = grey matter, WMH = white matter hyperintensity, CBF =
cerebral blood flow, CoV = coefficient of variation, IQR=interquartile range, 
SD= standard deviation, crushed = measure for cerebral microvasculature, Δ =
scan 2-scan 1/number of years between scan 1 and scan 2. 
Missings no dementia scan 1/2: WMH Volume 10/8, CBF GM 8/8, CBF GM 
crushed 8/8, CBF spatial CoV 8/8, CBF spatial CoV crushed 8/8. 
Missings dementia scan 1/2: WMH Volume 0/2, CBF GM 1/3, CBF GM crushed 
1/3, CBF spatial CoV 1/3, CBF spatial CoV crushed 1/3. 
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Our study has several strengths, including a very complete follow-up 
of cognition and dementia over a long period of time. In addition, both 
longitudinal and cross-sectional data were available for a large cohort of 
older participants with ASL, allowing to study the associations of MRI 
measures and dementia both at a certain point and over time. 

This study also has limitations. First, we had a limited number of 
dementia cases available for analysis. However, these analyses on de-
mentia only served as secondary analyses to confirm our findings 
regarding cognitive decline. Furthermore, although the number of de-
mentia cases was limited, we did clearly identify differences in WMHV 
between those with and without incipient dementia, suggesting that CBF 
and sCoV in our study were clearly not superior markers of late life 
cognitive deterioration compared to WMHV. 

Second, our longitudinal time-interval was relatively short, reducing 
statistical power to detect potential longitudinal between-group differ-
ences. As opposed to WMHV, the perfusion parameters CBF and sCoV 
are greatly susceptible to physiological variability. Prolonged longitu-
dinal investigation of these parameters may reveal specific patterns of 
long-term longitudinal changes in sCOV and CBF preceding dementia 
that may have more value for the identification of individuals with 
cognitive decline and dementia. 

Third, the reliability of estimating sCoV in WM is limited compared 
to GM, because of the longer WM ATT and low WM CBF, which will lead 
to WM sCoV being dominated by noise [24]. 

In addition, similar to normal CBF calculations, ASL-sCoV can be 

affected by WM contamination of GM signal and potentially biased by 
cortical thinning in certain subjects, until methods for partial volume 
correction in ASL-sCoV are developed. 

Fourth, besides use of antihypertension medication, other medica-
tions with vasoactive properties that may influence CBF (e.g. nitro-
glycerine, benzodiazepines) were not considered, because these data 
were not available. 

Finally, as a more general limitation, CBF is measured with partici-
pants in a supine position, potentially concealing impaired cerebral 
autoregulation that may become apparent when the participant is up-
right [49,50]. 

Conclusion 

HMs Therefore, further research into white matter hyperintensities 
and the exact role in the pathophysiology of dementia is required and 
should involve imaging- neuropathology studies, and in-vivo research 
with advanced MRI sequences, such as diffusion tensor imaging to 
quantify the microstructural damage of the white matter Therefore, 
further research into white matter hyperintensities and the exact role in 
the pathophysiology of dementia is required and should involve imag-
ing- neuropathology studies, and in-vivo research with advanced MRI 
sequences, such as diffusion tensor imaging to quantify the micro-
structural damage of the white matter Therefore, further research into 
white matter hyperintensities and the exact role in the pathophysiology 
of dementia is required and should involve imaging- neuropathology 
studies, and in-vivo research with advanced MRI sequences, such as 
diffusion tensor imaging to quantify the microstructural damage of the 
white matter Therefore, further research into white matter hyper-
intensities and the exact role in the pathophysiology of dementia is 
required and should involve imaging- neuropathology studies, and in- 
vivo research with advanced MRI sequences, such as diffusion tens 

In this cohort of community dwelling hypertensive older adults, 
global sCoV and CBF were not associated with cognitive decline or de-
mentia onset, whereas WMHV was. This suggests that sCoV and CBF are 
not superior markers of late life cognitive decline and incipient dementia 
compared to WMHV. Larger and longer longitudinal MRI perfusion 
studies may be needed to identify possible patterns of cerebral perfusion 
preceding cognitive decline and dementia diagnosis, and whether this 
would add information over and above the predictive information of 
changes in WMHV. 

Fig. 2. Density map on white matter hyperintensity location and volume of participants with and without dementia.  

Table 4 
Difference in radiological measures in individuals with and without incipient 
dementia.  

Imaging variable ß (95% CI) p-value 

WMH volume (mL) 8.59 (4.62– 13.1) <0.001 
CBF GM (mL/100gr/minute) -3.04 (-14.25 – 8.17) 0.60 
CBF GM crushed (mL/100gr/minute) -0.05 (-10.51 – 10.41) 0.99 
CBF spatial CoV (SD) a 0.17 (-0.34 – 0.67) 0.52 
CBF spatial CoV, crushed (SD) a 0.12 (-0.37 - 0.62) 0.64 

Results of repeated measurements mixed models. 
a These variables were introduced on a log scale. All measures adjusted for 

age, antihypertension medication use, and sex. WMH additionally adjusted for 
TBV. Abbreviations: CI=confidence interval. GM = grey matter, WMH = white 
matter hyperintensity, CBF = cerebral blood flow, CoV = coefficient of varia-
tion, crushed = measure for cerebral microvasculature Δ = scan 2-scan 1/ 
number of years between scan 1 and scan 2. 
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