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The impact of hypertension on cerebral perfusion
and cortical thickness in older adults

Michael L. Alosco, MAa,*, John Gunstad, PhDa, Xiaomeng Xu, PhDb, Uraina S. Clark, PhDc,
Donald R. Labbe, PhDd, Hannah H. Riskin-Jones, BAe, Gretel Terrero, BSf,
Nicolette F. Schwarz, MSg, Edward G. Walsh, PhDh, Athena Poppas, MDi,

Ronald A. Cohen, PhDj, and Lawrence H. Sweet, PhDd,g

aDepartment of Psychology, Kent State University, Kent, OH, USA;
bDepartment of Psychology, Idaho State University, Pocatello, ID, USA;

cDepartment of Neurology, Icahn School of Medicine at Mount Sinai, New York, NY, USA;
dAlpert Medical School of Brown University, the Department of Psychiatry and Human Behavior, Providence, RI, USA;

eBrain Behavior and Aging Research Center, VA Greater Los Angeles Healthcare System, Los Angeles, CA, USA;
fAlpert Medical School of Brown University, Providence, RI, USA;

gDepartment of Psychology, University of Georgia, Athens, GA, USA;
hBrown University, Departments of Neuroscience and Diagnostic Imaging., Providence, RI, USA;
iAlpert Medical School of Brown University, Department of Medicine, Providence, RI, USA; and

jCognitive Aging and Memory Program, Clinical Translational Research Program, Institute on Aging, University of Florida,
Gainesville, FL, USA

Manuscript received February 25, 2014 and accepted April 7, 2014

Abstract

Hypertension may increase risk for dementia possibly because of its association with decreased cortical thickness.
Disturbed cerebral autoregulation is one plausible mechanism by which hypertension impacts the cerebral structure, but
the associations among hypertension, brain perfusion, and cortical thickness are poorly understood. The current sample
consisted of 58 older adults with varying levels of vascular disease. Diagnostic history of hypertension and antihypertensive
medication status was ascertained through self-report, and when available, confirmed by medical record review. All par-
ticipants underwent arterial spin labeling and T1-weighted magnetic resonance imaging to quantify total and regional
cortical perfusion and thickness. Analysis of covariance adjusting for medical variables showed that participants with hy-
pertension exhibited reduced temporal and occipital brain perfusion and total and regional cortical thickness relative to
those without hypertension. The effects of hypertension on total brain perfusion remained unchanged even after adjustment
for age, although no such pattern emerged for cortical thickness. Decreased total brain perfusion predicted reduced thick-
ness of the total brain and of the frontal, temporal, and parietal lobe cortices. Antihypertensive treatment was not associated
with total cerebral perfusion or cortical thickness. This study provides initial evidence for the adverse effects of a diag-
nostic history of hypertension on brain hypoperfusion and reduced cortical thickness. Longitudinal studies are needed
to investigate the role of hypertension and its interaction with other contributing factors (eg, age) in the manifestation
of cerebral hypoperfusion and reduced cortical thickness. J Am Soc Hypertens 2014;8(8):561–570. � 2014 American
Society of Hypertension. All rights reserved.
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Introduction

Approximately one of three U.S. adults has hyperten-
sion and nearly 50% of these individuals do not have it
controlled.1 This is concerning, as hypertension elevates
mortality risk and leads to chronic medical conditions
such as cardiovascular disease (CVD).1 Hypertension is
also associated with poor neurocognitive outcomes, in-
cluding increased risk for Alzheimer’s disease and vascular
dementia.2,3 These adverse outcomes may in part be attrib-
uted to the negative impact of hypertension on the brain.
Hypertension is linked with stroke, greater white matter
hyperintensity volume, and total and regional (eg, hippo-
campus) brain atrophy.4–6 Although poorly understood, hy-
pertension may also be associated with decreased cortical
thickness—a sensitive risk factor for cognitive decline
and Alzheimer’s disease conversion.7–11

Hypertension is associated with reduced cerebral blood
flow (CBF), which in turn, may serve as one possible etiol-
ogy for adverse brain changes in hypertensive older adults.
Specifically, hypertension may contribute to reduced CBF
to cortical and subcortical structures.12,13 Reduced brain
perfusion has been correlated with decreased integrity of
the cerebral structure, including decreased thickness of
the cortex. Poorer cerebral circulation is linked with
reduced cortical thickness in older adults, with specific ef-
fects found on frontal and temporal lobe cortices.14 Individ-
uals susceptible to lower brain perfusion levels (eg,
Apolipoprotein E epsilon 4 carriers) also exhibit reduced
thickness of regions vulnerable to aging (eg, medial pre-
frontal cortex) and Alzheimer’s disease (eg, occipitotempo-
ral and basal temporal cortices).8,15–17

The adverse effects of hypertension on the brain may be
attenuated through medication therapy. Blood pressure

lowering in older adults has been suggested to reduce the
risk of stroke and the development of dementia.18,19 Anti-
hypertensive treatment is associated with better cerebral
perfusion levels20 and may also reduce risk of brain atrophy
and lesions.21 Nonetheless, the effects of antihypertensive
drugs on the brain appear to be complicated. As an ex-
ample, past work also shows antihypertensive treatment
has limited effects on the brain structure and does not
reduce dementia risk.22,23 Furthermore, there is also extant
evidence suggesting that antihypertensive medications may
have no impact on cerebral perfusion levels.24

As reviewed previously, past studies have examined the
effect of hypertension on CBF and brain morphometry, yet,
no study has simultaneously investigated the associations
among hypertension, brain perfusion, and cortical thickness.
The purpose of the present study was to examine the associ-
ations among hypertension, CBF, and cortical thickness in a
representative sample of older adults using T1-weighted
magnetic resonance imaging (MRI) and arterial spin labeling
(ASL), a perfusion MRI technique. We also examined
whether antihypertensive treatment was associated with bet-
ter cerebral perfusion and increased cortical thickness.

Methods

Participants

A total of 58 older adults were recruited from a larger
National Institutes of Health study examining the effects
of CVD on the brain. The present sample consisted of 58
participants with complete MRI, medical, and demographic
data (Table 1). Participants were recruited from outpatient
cardiology offices and advertisements in local papers and
screened for study eligibility. The inclusion criteria

Table 1
Demographic and medical characteristics of older adults with and without hypertension

Characteristic Hypertension No Hypertension Total Sample t/c2

Demographic characteristic
N 23 35 58
Age, mean (SD) 69.61 (9.13) 64.29 (9.21) 66.40 (9.47) 2.16*
Gender (% women) 47.8 65.7 58.6 1.83
Years of education, mean (SD) 15.91 (2.63) 16.15 (2.55) 16.05 (2.56) �0.34
Race (% Caucasian) 91.3 97.2 94.8 4.37

Medical characteristic
Cardiac index, mean (SD) 2.80 (0.61) 2.75 (0.54) 2.77 (0.56) 0.31
Coronary artery disease (%) 30.4 11.4 19.0 3.26
Atrial fibrillation (%) 8.7 8.6 8.6 0.00
Diabetes (%) 17.4 2.9 8.6 3.72
Elevated total cholesterol (%) 73.9 34.3 50.0 8.72y

Antihyperlipidemics (%) 82.6 34.3 53.4 13.03y

Antihypertensive agents (%) 95.7 22.9 51.7 29.45y

SD, standard deviation.
Test statistics compare between group differences for those with and without hypertension.
*P < .05.
yP < .01.
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