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a b s t r a c t 

Blood pressure variability (BPV) is linked to dementia risk, possibly through cerebral hypoperfusion. We 

investigated BPV over 1 year and concurrent regional cerebral perfusion decline in older adults without 

dementia. Participants underwent 4 blood pressure measurements across 12 months, ASL-MRI at baseline 

and 12-months, and baseline FDG-PET. Regional perfusion was normalized to precentral gyrus. A subset 

had cerebral spinal fluid Alzheimer’s disease biomarker abnormalities. For every SD increase in BPV, per- 

fusion decreased in medial orbitofrontal cortex (ß = -.36; p = 0.008), hippocampus (ß = -.37; p = 0.005), 

entorhinal cortex (ß = -.48; p < 0.001), precuneus (ß = -.31; p = 0.02), inferior parietal cortex (ß = -.44; 

p < 0.001), and inferior temporal cortex (ß = -.46; p < 0.001). Similar patterns emerged in subsets with 

biomarker abnormalities. Older adults with elevated BPV exhibit concurrent regional perfusion decline in 

areas vulnerable to Alzheimer’s disease, independent of cerebral hypometabolism. BPV may be an early 

marker of vascular dysfunction in aging. 

© 2021 Elsevier Inc. All rights reserved. 
Abbreviations: BP, blood pressure; BPV, blood pressure variability; CBF, cerebral 

blood flow; AD, Alzheimer’s disease; CSF, cerebral spinal fluid; ADNI, Alzheimer’s 
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emission tomography; MCI, mild cognitive impairment; FDG-PET, fluorodeoxyglu- 

cose positron emission tomography; ASL-MRI, arterial spin-labelling magnetic res- 

onance imaging; CN, cognitively normal; A β , amyloid-beta; Ptau, phosphorylated 

tau; VIM, variation independent of mean; SD, standard deviation; CV, coefficient 

of variation; mOFC, medial orbitofrontal cortex; IPC, inferior parietal cortex; rMFG, 

rostral middle frontal gyrus; ITC, inferior temporal cortex; FDR, False Discovery Rate. 
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1. Introduction 

Vascular factors in cognitive decline and dementia are in-

creasingly appreciated ( Zlokovic, 2011 ). Both high and low blood

pressure (BP) and reduced cerebral blood flow (CBF) are related

to Alzheimer’s disease (AD) pathology and predictive of cogni-

tive decline with progression to AD dementia ( Lane et al., 2019 ;

Mattsson et al., 2014 ; Qiu et al., 2005 ; Wolters et al., 2017 ;

Yew and Nation, 2017 ). Beyond average BP, there is growing in-

terest in visit-to-visit (e.g., months and years) blood pressure vari-

ability (BPV) in the context of cognitive impairment and dementia.

Recent studies link visit-to-visit BPV to dementia risk, including AD

and vascular dementia, independent of and beyond average BP lev-

els ( Alpérovitch et al., 2014 ; de Heus et al., 2019 ; Lattanzi et al.,

2018 ; Ma et al., 2019 ; Nagai et al., 2017 ; Oishi et al., 2017 ;

Qin et al., 2016 ; Rouch et al., 2020 ; Yoo et al., 2020 ), even in older

adults with well controlled average BP( Cho et al., 2018 ). Visit-to-

visit BPV elevation appears to occur before the onset of major neu-

rocognitive dysfunction and in the context of AD pathophysiology

( Sible et al., 2020 ), suggesting a possible early marker of vascular

dysfunction in the aging process. Although mechanisms linking in-

https://doi.org/10.1016/j.neurobiolaging.2021.04.009
http://www.ScienceDirect.com
http://www.elsevier.com/locate/neuaging.org
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creased BPV to AD remain understudied, it has been hypothesized

that inflated BPV may alter processes both highly dependent on BP

and critical for cognition, such as cerebral perfusion ( Lattanzi et al.,

2018 ; Nagai et al., 2017 ; Oishi et al., 2017 ; Rouch et al., 2020 ).

Over time, chronic BP oscillation may stress arterial walls and pro-

mote microvascular damage, leading to blood-brain barrier break-

down and subsequent neuronal damage ( Lattanzi et al., 2018 ;

Nagai et al., 2017 ; Oishi et al., 2017 ; Rouch et al., 2020 ). These

fluctuations in BP may challenge cerebral autoregulation and risk

cerebral hypoperfusion injury ( Lattanzi et al., 2018 ; Nagai et al.,

2017 ; Rouch et al., 2020 ; Yoo et al., 2020 ), an effect that may

particularly involve brain regions already vulnerable to hypoperfu-

sion in AD ( Iadecola, 2004 ; Lattanzi et al., 2018 ; Nagai et al., 2017 ;

Rouch et al., 2020 ; Yoo et al., 2020 ). Alternatively, neurodegener-

ation of cortical autonomic centers may increase BPV, accounting

for an association between BPV and dementia risk ( Lattanzi et al.,

2018 ; Nagai et al., 2010 ). To address these possibilities, we stud-

ied older adults over a 1-year period to determine whether BPV

is related to cerebral perfusion decline over time, independent of

baseline cerebral metabolism. 

2. Methods 

2.1. Participants 

Data used in preparation of this article were obtained from

the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database

(Alzheimer’s Disease, 2017) . The ADNI was launched in 2003 as a

public-private partnership, led by Principal Investigator Michael W.

Weiner, MD. The primary goal of ADNI has been to test whether

serial magnetic resonance imaging (MRI), positron emission to-

mography (PET), and other biological markers, and clinical and

neuropsychological assessment can be combined to measure the

progression of mild cognitive impairment (MCI) and early AD. Vol-

unteer adults aged 55-91, with or without memory complaints,

were recruited through several sites at Alzheimer’s Disease Re-

search Centers and other academic medical institutions across

North America via newsletters, internet-based communications, di-

rect mail, and news releases. Participants were enrolled if they met

the following criteria: few depressive symptoms (Geriatric Depres-

sion Scale < 6), free of history of neurological disease (other than

suspected AD), no greater than mild dementia symptoms (Clini-

cal Dementia Rating scale ≤ 1), and low vascular risk (Hachin-

ski Ischemic Score ≤ 4). More detailed descriptions of ADNI re-

cruitment and enrollment criteria are described on the ADNI site

( https://adni.loni.usc.edu ). 

The present study included 63 participants who underwent

clinical evaluation and fluorodeoxyglucose (FDG)-PET at study

baseline, BP measurement at study screening, baseline, and 6- and

12- months follow-up, and repeated arterial spin-labelling (ASL)-

MRI at study baseline and 12-months follow-up. A subset of par-

ticipants underwent lumbar puncture to determine abnormal cere-

bral spinal fluid (CSF) AD biomarker levels of amyloid-beta (A β)

( n = 18) and phosphorylated tau (Ptau) ( n = 21) (see Supplemen-

tary Figure 1). 

2.1.1. Standard protocol approvals, registration, and patient consents 

The study was approved by each institution and all participants

provided written informed consent prior to study enrollment. 

2.2. Measures 

2.2.1. Clinical assessment 

Baseline clinical evaluation identified participants as cogni-

tively normal or MCI without history of dementia or stroke
(Alzheimer’s Disease, 2017) . Criteria for a diagnosis of MCI in-

cluded: subjective memory complaint reported by the participant

or informant; Mini Mental State Exam (MMSE) scores between 24

and 30 (inclusive); global Clinical Dementia Rating scale score of

0.5; scores on delayed recall of Story A of the Wechsler Mem-

ory Scale Revised Logical Memory II subtest that are below ex-

pected performance based on years of education; general presen-

tation that would disqualify for a diagnosis of AD ( Petersen et al.,

2010 ). Participants were categorized as cognitively normal if MCI

diagnostic criteria were not met. Cognitively normal and MCI par-

ticipants then were collapsed into 1 category of older adults free

of dementia and used in all analyses. 

2.2.2. CSF AD biomarker assessment 

Baseline lumbar puncture and CSF analysis in a subset of par-

ticipants determined A β and Ptau levels as described elsewhere

( Bittner et al., 2016 ; Hansson et al., 2018 ; Seibyl et al., 2017 ;

Shaw et al., 2016 ). Using established guidelines, CSF A β levels ≤
980 pg/mL and CSF Ptau levels ≥ 21.8 pg/mL were considered ab-

normal ( Hansson et al., 2018 ; Shaw et al., 2018 ). 

2.2.3. BP assessment 

Qualified medical professionals obtained BP measurements

from participants at study screening, baseline, and 6- and 12-

months follow-up using a calibrated mercury sphygmomanome-

ter. Participants were seated comfortably and resting, encouraged

to refrain from talking during and shortly before BP measurement,

and to remain as calm and undisturbed as possible. Measurement

was taken from the dominant arm, with the forearm at the hor-

izontal level of the fourth intercostal space at the sternum. BP

was taken from the same arm, at a similar time of day, by the

same person, and using the same device and cuff, whenever pos-

sible (Alzheimer’s Disease, 2017) . The main index of intraindivid-

ual BPV was calculated using the 4 BP measurements over the

12 month period as variation independent of mean (VIM), a com-

monly used index of visit-to-visit BPV that is uncorrelated with av-

erage BP ( de Heus et al., 2019 ; Rothwell et al., 2010 ; Rouch et al.,

2020 ; Sible et al., 2020 ). VIM was calculated as: VIM = standard

deviation/mean 

x , where the power x was derived from non-linear

curve fitting of BP standard deviation (SD) against average BP us-

ing the nls package in R Project ( R Core Team, 2020 ), as described

elsewhere ( Rothwell et al., 2010 ). Intraindividual BPV was also cal-

culated as the SD and coefficient of variation (CV [100 x SD/mean])

using the 4 BP measurements. 

2.2.4. Regional CBF change assessment 

CBF was determined from pulsed ASL-MRI at study screen-

ing and 12-months follow-up for several regions-of-interest previ-

ously identified as vulnerable to cerebrovascular dysfunction in AD

( Mattsson et al., 2014 ; Yew and Nation, 2017 ): medial orbitofrontal

cortex (mOFC), hippocampus, posterior cingulate, entorhinal cor-

tex, precuneus, inferior parietal cortex (IPC), rostral middle frontal

gyrus (rMFG), and inferior temporal cortex (ITC). To adjust for indi-

vidual variation in flow, CBF values were residualized by precentral

gyrus CBF, a region relatively spared in AD and consistent with pre-

vious studies of ASL-MRI using the ADNI dataset ( Mattsson et al.,

2014 ; Yew and Nation, 2017 ). Briefly, regional CBF values were re-

gressed onto precentral gyrus CBF and resulting residual values

were extracted. CBF values were then averaged bilaterally. Change

in CBF was calculated as the difference between regional CBF at

screening and 12-months follow-up and used in all analyses. 

2.2.5. Cerebral metabolism assessment 

Glucose uptake from regions linked to metabolic dysfunction

in AD was determined from baseline FDG-PET to index cerebral

metabolism as previously described ( Yew and Nation, 2017 ). 

https://adni.loni.usc.edu
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2.2.6. Whole brain gray matter volume and white matter 

hyperintensity assessment 

Baseline total gray matter volume across the whole brain and

white matter hyperintensities were determined from baseline MRI

using methods described elsewhere (Alzheimer’s Disease, 2017) . 

2.2.7. Data availability statement 

The datasets generated and/or analyzed during the current

study are available in the ADNI database, https://adni.loni.usc.edu . 

2.3. Statistical analysis 

BPV values were log-transformed to approach a normal distri-

bution. Multiple linear regression examined relationships between

BPV using VIM measure of variability and regional CBF change.

Primary analyses investigated relationships in the total sample of

older adults without history of dementia or stroke. Exploratory

analyses examined relationships in participant subsets with AD

biomarker abnormality. All analyses controlled for age, sex, aver-

age BP, and cerebral metabolism. Primary analyses also controlled

for use of antihypertensive medication at baseline. Supplementary

analyses examined relationships using SD and CV measures of vari-

ability, as well as with average BP over the 12-month period (see

Supplementary Materials). Based on a power analysis for detect-

ing moderate-to-large effect sizes using G 

∗Power ( Faul et al., 2009 ),

multiple linear regression ( α = .05, 5 covariates) with a sample

size of 56 older adults will yield 95% power. As such, the cur-

rent study is adequately powered to detect moderate-to-large ef-

fect sizes in primary analyses. Additional analyses were performed

to test the robustness of primary findings by substituting baseline

cerebral metabolism, to preserve statistical power, with: 1) base-

line whole brain gray matter volume; 2) baseline CBF in each cor-

responding ROI; 3) baseline white matter hyperintensities; and 4)

baseline MMSE. All analyses were 2-tailed with significance at p <

0.05. False Discovery Rate (FDR) was set at p < 0.05 ( Benjamini and

Hochberg, 1995 ). Reported values for multiple linear regression in-

clude: standardized beta (ß), p value ( p ), and partial eta-squared

( ηp 
2 ) with 95% confidence interval. All analyses were carried out

in R Project ( R Core Team, 2020 ). 

3. Results 

Demographic and clinical descriptive data (means and SDs) are

shown in Table 1 . 

In the primary analysis total sample, elevated systolic BPV was

related to decline in CBF in mOFC (ß = -.36; p = 0.008; ηp 
2 = .11

[95% .01, .28]), hippocampus (ß = -.37; p = 0.005; ηp 
2 = .12 [.01,

.29]), entorhinal cortex (ß = -.48; p < 0.001; ηp 
2 = .20 [.05, .38]),

precuneus (ß = -.31; p = 0.02; ηp 
2 = .07 [.00, .22]), IPC (ß = -

.44; p < 0.001; ηp 
2 = .19 [.04, .37]) and ITC (ß = -.46; p < 0.001;

ηp 
2 = .17 [.02, .35]), but findings did not reach statistical signif-

icance in posterior cingulate or rMFG (all p’s > .11) ( Fig. 1 ). In-

creased diastolic BPV was related to decline in CBF in mOFC (ß = -

.38; p = 0.009; ηp 
2 = .08 [.00, .24]), hippocampus (ß = -.51; p <

0.001; ηp 
2 = .20 [.05, .38]), entorhinal cortex (ß = -.45; p = 0.002;

ηp 
2 = .14 [.01, .31]), precuneus (ß = -.42; p = 0.003; ηp 

2 = .09

[.00, .25]), posterior cingulate (ß = -.38; p = 0.008; ηp 
2 = .09 [.00,

.26]), IPC (ß = -.32; p = 0.03; ηp 
2 = .05 [.00, .20]) and ITC (ß = -

.40; p = 0.008; ηp 
2 = .10 [.00, .27]), but findings did not reach

statistical significance in rMFG ( p = 0.15) (Data not shown). 

After FDR correction, systolic and diastolic BPV findings re-

mained significant for all regions in the primary analysis total sam-

ple. See Supplementary Table 1 for FDR-corrected p values (i.e., q -

values). 
Analyses using SD and CV indices of variability showed simi-

lar relationships with regional CBF change in the primary analysis

total sample (see Supplementary Results). No significant relation-

ships were observed between average BP and CBF change for any

ROI in the primary analysis total sample ( p ’s = .09 to .99) (see Sup-

plementary Results). 

Among participants with A β abnormality in the exploratory

analysis, increased systolic BPV was related to decline in CBF

in mOFC (ß = -.59; p = 0.008; ηp 
2 = .55 [95% .12, .76]),

entorhinal cortex (ß = -.50; p = 0.03; ηp 
2 = .42 [.03,

.69]), precuneus (ß = -.55; p = 0.03; ηp 
2 = .36 [.00, .65]),

IPC (ß = -.73; p < 0.001; ηp 
2 = .79 [.48, .89]) and ITC

(ß = -.48; p = 0.03; ηp 
2 = .44 [.02, .72]), but findings

did not reach statistical significance in hippocampus, posterior

cingulate or rMFG (all p ’s > 0.10) ( Fig. 2 ). Elevated diastolic BPV

was related to decline in CBF in hippocampus (ß = -.58; p = 0.02;

ηp 
2 = .40 [.02, .68]) and entorhinal cortex (ß = -.60; p = 0.009;

ηp 
2 = .49 [.07, .73]), but findings did not reach statistical signif-

icance in mOFC, posterior cingulate, precuneus, IPC, ITC or rMFG

(all p ’s > 0.07) (Data not shown). 

Among participants with Ptau abnormality in the exploratory

analysis, elevated systolic BPV was related to decline in CBF in

mOFC (ß = -.57; p = 0.02; ηp 
2 = .38 [95% .03, .64]), hippocampus

(ß = -.65; p = 0.002; ηp 
2 = .53 [.15, .74]), entorhinal cortex (ß = -

.46; p = 0.04; ηp 
2 = .39 [.04, .65]), precuneus (ß = -.53; p = 0.02;

ηp 
2 = .39 [.04, .65]), IPC (ß = -.60; p = 0.001; ηp 

2 = .66 [.32, .82])

and ITC (ß = -.62; p = 0.01; ηp 
2 = .48 [.06, .73]), but findings did

not reach statistical significance in posterior cingulate or rMFG (all

p ’s > 0.25) ( Fig. 3 ). Elevated diastolic BPV was related to decline in

CBF in hippocampus (ß = -.62; p = 0.02; ηp 
2 = .36 [.03, .63]) but

findings did not reach statistical significance in mOFC, entorhinal

cortex, posterior cingulate, precuneus, IPC, ITC or rMFG (all p ’s >

0.06) (Data not shown). 

After FDR correction of exploratory analyses in participants

with A β biomarker abnormality, systolic BPV findings remained

significant for all regions and diastolic BPV findings in the hip-

pocampus ( q = .08) and entorhinal cortex ( q = .07) were no

longer significant. After FDR correction of exploratory analyses in

participants with Ptau biomarker abnormality, systolic BPV find-

ings remained significant for all regions except entorhinal cortex

( q = .053), and the diastolic BPV finding in the hippocampus was

no longer significant ( q = .16). See Supplementary Table 1 for FDR-

corrected p values (i.e., q -values). 

Analyses using SD and CV indices of variability showed simi-

lar relationships with regional CBF change in participants with AD

biomarker abnormality in exploratory analysis (see Supplementary

Results). Findings similarly survived FDR correction using SD and

CV indices of variability in exploratory analysis (see Supplemen-

tary Results). 

Sensitivity analyses revealed essentially the same primary re-

sults when controlling for baseline whole brain gray matter vol-

ume, baseline CBF for each ROI, baseline white matter hyperinten-

sities, and baseline MMSE (see Supplementary Results). 

4. Discussion 

Findings indicate elevated visit-to-visit BPV is related to concur-

rent cerebral perfusion decline over time in regions susceptible to

AD pathophysiology, independent of cerebral hypometabolism. This

pattern of regional cerebral perfusion decline was also observed in

exploratory analysis of older adults with AD biomarker abnormali-

ties based on CSF A β and Ptau levels. Results support the hypothe-

sized link between increased BPV and CBF compromise, which may

underpin increased risk for dementia associated with elevated BPV

https://adni.loni.usc.edu


60 I.J. Sible, B. Yew, S. Dutt et al. / Neurobiology of Aging 105 (2021) 57–63 

Table 1 

Baseline clinical and demographic data 

Total sample ( N = 63) A β abnormality ( n = 18) Ptau abnormality ( n = 21) 

Age (years) 70.5 (7.0) 72.4 (7.2) 72.8 (7.3) 

Sex (M/F) 27 / 36 7 / 11 7 / 14 

Education (years) 16.8 (2.5) 16.7 (2.9) 16.5 (2.8) 

APOE- ε4 carriers ( n ,%) 17 (27.0%) 6 (33.3%) 6 (28.6%) 

MMSE score 27.5 (4.4) 24.5 (7.5) 25.1 (7.0) 

Diagnosis (% MCI) 65.1% 61.1% 52.4% 

BMI (kg/m 

2 ) 26.6 (3.5) 25.2 (2.8) 26.3 (3.3) 

Antihypertensive use ( n ,%) 25 (39.7%) 8 (44.4%) 9 (42.9%) 

Systolic BP (mmHg) 132.5 (14.4) 133.6 (14.6) 135.4 (16.0) 

Diastolic BP (mmHg) 73.1 (7.1) 74.3 (5.8) 74.1 (6.0) 

Systolic BPV (mmHg) 8.2 (4.4) 8.7 (4.3) 8.5 (4.2) 

Diastolic BPV (mmHg) 3.7 (2.8) 3.9 (3.2) 4.6 (3.4) 

Cerebral metabolism (SUV) 1.3 (0.1) 1.2 (0.1) 1.2 (0.1) 

CSF A β (pg/mL) – 761.2 (153.0) 776.4 (182.9) 

CSF Ptau (pg/mL) – 30.5 (15.9) 33.1 (12.8) 

Means and standard deviations shown unless otherwise indicated. 

Key: A β , amyloid-beta; BMI, body mass index; BP, blood pressure; BPV, blood pressure variability; CSF, cerebral spinal 

fluid; F, female; M, male; MCI, mild cognitive impairment; MMSE, mini mental state exam; Ptau, phosphorylated tau; 

SUV, standardized uptake value. 

Fig. 1. Elevated systolic BPV is related to regional CBF decline in older adults without dementia. Scatterplots display the results of the linear regression between systolic 

BPV using VIM measure of variability and regional CBF change (mL/100g/min) over 12 months in older adults without dementia. 95% confidence interval is shaded around 

the regression lines. Abbreviations: BPV, blood pressure variability; CBF, cerebral blood flow; mOFC, medial orbitofrontal cortex; IPC, inferior parietal cortex; ITC, inferior 

temporal cortex; rMFG, rostral middle frontal gyrus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

( Lattanzi et al., 2018 ; Ma et al., 2019 ; Rouch et al., 2020 ; Yoo et al.,

2020 ). Increased BPV may represent an understudied aspect of vas-

cular dysfunction in aging, with potential diagnostic and treatment

implications. 

Increased BPV is also associated with white matter hyper-

intensities, cerebral microbleeds and increased risk for stroke

( Brickman et al., 2010 ; Yoo et al., 2020 ). Present study findings sug-

gest BPV is related to perfusion decline in regions associated with

cerebrovascular dysfunction in AD ( Yew and Nation, 2017 ) even

in a sample with limited cerebrovascular disease (e.g., Hachin-

ski score ≤ 4). Sensitivity analyses revealed study findings to be

largely unchanged when controlling for baseline white matter hy-

perintensities, although the sample notably had minimal white

matter hyperintensity burden. Additionally, ASL-MRI only provides
reliable perfusion estimates for gray matter structures, limiting any

conclusions regarding relationships with white matter pathology.

Future work should explore potential interactions between BPV,

microvascular injury and CBF in older adults with and without

cognitive impairment and varying levels of cerebrovascular disease

burden. 

A study strength is the use of longitudinal BPV and CBF data.

However, both longitudinal measurements were collected over the

same period, limiting interpretation of the temporal order of find-

ings. However, our cross-sectional findings are consistent with a

potential effect of BPV on susceptibility to cerebral hypoperfusion

injury. Alternatively, neurodegeneration could impact both regional

cerebral perfusion and BPV through effects on cortical autonomic

centers ( Nagai et al., 2010 ). However, findings were independent



I.J. Sible, B. Yew, S. Dutt et al. / Neurobiology of Aging 105 (2021) 57–63 61 

Fig. 2. Elevated systolic BPV is linked to regional CBF decline in older adults with A β abnormality. Scatterplots display the results of the linear regression between systolic 

BPV using VIM measure of variability and regional CBF change (mL/100g/min) over 12 months in older adults with A β abnormality. 95% confidence interval is shaded 

around the regression lines. Abbreviations: BPV, blood pressure variability; CBF, cerebral blood flow; mOFC, medial orbitofrontal cortex; IPC, inferior parietal cortex; ITC, 

inferior temporal cortex; rMFG, rostral middle frontal gyrus; A β , amyloid-beta. 

Fig. 3. Elevated systolic BPV is linked to regional CBF decline in older adults with Ptau abnormality. Scatterplots display the results of the linear regression between systolic 

BPV using VIM measure of variability and regional CBF change (mL/100g/min) over 12 months in older adults with Ptau abnormality. 95% confidence interval is shaded 

around the regression lines. Abbreviations: BPV, blood pressure variability; CBF, cerebral blood flow; mOFC, medial orbitofrontal cortex; IPC, inferior parietal cortex; ITC, 

inferior temporal cortex; rMFG, rostral middle frontal gyrus; Ptau, phosphorylated tau. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of cerebral metabolism and whole brain gray matter volume, sug-

gesting BPV may influence cerebral perfusion through a vascular

mechanism. Dynamic autoregulatory functions governing the re-

lationship between BP changes and CBF have been well studied

by transcranial doppler ( Aaslid et al., 1989 ). However, transcranial

doppler is limited to measuring blood flow velocity through larger

intracranial arteries ( D’Andrea et al., 2016 ). The present study adds

to our understanding of the relationship between BP change and
CBF by utilizing ASL-MRI to assess BPV in relation to regional tis-

sue perfusion decline in areas with known importance in cognition

and AD. 

The current study is limited by the small sample size, partic-

ularly in the CSF AD biomarker exploratory analysis. As such, in-

terpretation of findings from the exploratory analysis is limited.

However, primary analyses were adequately powered to detect

moderate-to-large effect sizes according to a power analysis us-
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ing G 

∗Power ( Faul et al., 2009 ). Nevertheless, findings indicate in-

creased BPV is associated with decline in CBF over time in older

adults with AD biomarker abnormality, potentially implicating BPV

in CBF changes observed in AD patients. Importantly, study partic-

ipants were cognitively unimpaired or MCI, and primary findings

were essentially unchanged when controlling for baseline MMSE

score, suggesting the relationship between BPV and CBF decline

is not due to a spurious association with major neurocognitive

dysfunction. The current study examined all participants free of

dementia due to sample size limitations. Future studies should

evaluate the timeline of BPV changes linked to cerebral perfusion

decline in older adults with normal cognition and MCI. Relatedly,

ASL-MRI was obtained only from a subset of participants enrolled

in a particular wave of the overall ADNI study, and those with lon-

gitudinal ASL-MRI at study baseline and 12-months follow-up rep-

resent an even smaller sample. Fortunately, 100% of these partici-

pants had 4 BP measurements collected over the same time period.

Despite the completeness of the BP data within this ADNI partici-

pant subset, there is always the possibility of selection bias. While

several methods are available to assess relative change in CBF,

we chose to residualize regional CBF values by precentral gyrus

CBF to be consistent with the methods in 2 other ASL-MRI stud-

ies using the ADNI dataset ( Mattsson et al., 2014 ; Yew and Na-

tion, 2017 ). Another study limitation is that data were collected

from several sites ( n = 14). Although 2 studies on BPV using ADNI

data included BP measurements from several study sites out of

the potential 50 + sites contributing to ADNI ( Epstein et al., 2013 ;

Sible et al., 2020 ), limiting the number of sites for data collec-

tion may lower measurement error. Additionally, the study sam-

ple was largely comprised of non-Hispanic White older adults with

limited cerebrovascular disease. Some evidence suggests that the

relationship between cerebrovascular disease and cognitive impair-

ment may differ by ethnicity ( Johnson et al., 2014 ). Therefore, gen-

eralizability of study findings to other racial and ethnic groups

is limited. While the current investigation took into account an-

tihypertensive medication use at baseline, we were not able to

address the potential influence of treatment initiation or discon-

tinuation. Finally, although the present study could not address

potential class effects of antihypertensive treatment on BPV, var-

ious antihypertensive medications have differential effects on BPV

( Webb et al., 2010 ), independent of mean BP, suggesting there may

be clinical implications for studies of BPV in AD. 

5. Conclusions 

Findings indicate older adults with elevated visit-to-visit BPV

exhibit concurrent cerebral perfusion decline in AD vulnerable re-

gions over the same 1-year period, a finding that remained in

those with AD biomarker abnormality, independent of cerebral hy-

pometabolism. Increased BPV may convey susceptibility to demen-

tia through links with cerebral hypoperfusion injury. 
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