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Abstract

Background
In contrast to middle age, it is unclear whether blood pressure (BP) in 
older persons is associated with cerebral small vessel disease (cSVD). The 
authors evaluated the association of BP with signs of cSVD as well as grey 
and white matter integrity in older persons. 

Methods
In 220 participants aged 75 years and older from the Discontinuation 
of Antihypertensive Treatment in the Elderly (DANTE) study, cSVD 
was assessed with conventional magnetic resonance imaging, and 
microstructural integrity with diffusion tensor and magnetization transfer 
(MT) imaging. 

Results
BP measures were not associated with cSVD. However, lower systolic and 
diastolic BP and mean arterial pressure were associated with decreased 
grey matter MT ratio peak height and MT ratio in cortical grey matter. 
Mean arterial pressure was also associated with increased grey matter 
diffusivity. 

Conclusion
A lower level of BP was especially associated with worse grey matter 
integrity. Results suggest that not only upper but preferably lower 
thresholds of BP values should be observed in older persons.
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Introduction

High blood pressure (BP) is related to increased risk of cerebral small vessel 
disease in middle age, typically including white matter hyperintensities (WMHs),1-

10 lacunar infarcts,11-13 and microbleeds14-17 on magnetic resonance imaging (MRI). 
Apart from these on MRI visual focal changes, more widespread subtle changes in 
the microstructural integrity of the cerebral white matter have been reported.18-21

In older persons, the association of BP with MRI findings may be may be different 
than in middle-aged persons, since low BP, rather than high BP has been associate 
with cerebral damage 1;2;22 and worse outcomes such as risk of ischemic stroke,23;24 
and mortality.25 In these studies it has been suggested that this effect may be 
caused by hypoperfusion, especially in older people with arteriosclerotic damage 
or a history of cardiovascular disease. Thus, these persons may be better off with 
higher BP levels, whereby perfusion is maintained and brain integrity preserved.26;27 
To our knowledge no studies have assessed the relationship between BP and 
manifestation of small vessel disease, in combination with measurements of grey 
and white microstructural brain integrity in older persons. 

The aim of the present cross-sectional study was to explore the associations of 
BP with manifestations of small vessel disease and microstructural brain integrity 
in both grey and white matter in older persons.

Methods

Participants
Participants for this MRI sub-study were included from the Discontinuation 
of Antihypertensive Treatment in the Elderly (DANTE) trial, a community-
based randomized non-blinded clinical trial assessing the effect of temporary 
discontinuation of antihypertensive therapy on neuropsychological functioning 
in older persons with mild cognitive dysfunction. Inclusion criteria were 
age 75 years and older, use of antihypertensive medication, presence of mild 
cognitive dysfunction (according to Mini-Mental State Examination score 21–27), 
and current systolic blood pressure (SBP) ≤ 160 mm Hg (or ≤ 140 mm Hg 
for persons with diabetes, or myocardial infarction, peripheral artery vascular 
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disease, or coronary reperfusion procedures more than 3 years ago). Current BP 
was determined based on the last BP measurement obtained from the general 
practitioners’ electronic medical record. Exclusion criteria were a history of 
stroke or transient ischemic attack, a recent (≤ 3 years) myocardial infarction 
or recent coronary reperfusion procedure, current angina pectoris, cardiac 
arrhythmias, heart failure, use of antihypertensive medication other than for 
hypertension, a clinical diagnosis of dementia, or a limited life expectancy. 

The current study used baseline data of the MRI sub-study. From the 430 DANTE 
participants, 220 non-selected persons underwent MRI of the brain. The Medical 
Ethical committee of the Leiden University Medical Center approved the study, 
and written informed consent was obtained from all participants.

Blood pressure
SBP and diastolic blood pressure (DBP) were measured twice at baseline in a seated 
position in all participants using a fully automatic electronic sphygmomanometer 
(Omron M6 Comfort; Omron Healthcare, Inc, Lake Forest, IL). For analyses, the 
mean of the two measurements was calculated. Mean arterial pressure (MAP) 
was calculated as 1/3(SBP)+2/3(DBP), and pulse pressure (PP) as SBP–DBP.

MRI Acquisition
All MRI scans were acquired on a whole-body magnetic resonance system 
operating at a field strength of 3-T with a 32-channel head coil (Philips Medical 
Systems, Best, The Netherlands). Three-dimensional (3D) T1-weighted images 
were acquired with repetition time (TR)/echo time (TE)=9.7/4.6 ms, flip angle 
(FA)=8°, and a nominal voxel size of 1.1791.1791.4 mm. Fluid-Attenuated Inversion 
Recovery (FLAIR) images (TR/TE=11,000/125 ms, FA=90°), T2-weighted images 
(TR/TE=4200/80 ms, FA=90°), and T2*-weighted images (TR/TE=45/31 ms, 
FA=13°) were acquired. Diffusion tensor images (DTI) (TR/TE=9592/56 ms, 
FA=90°, 64 slices, 32 measurement directions, b value=1000) and magnetization 
transfer images (MTI) with and without a saturation pulse (TR/TE=100/11 ms, 
FA=9°) were acquired. DTI images and MTI images were available for 195 and 
216 participants, respectively.
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White Matter Hyperintensities, Lacunar Infarcts, and Microbleeds 
MRI scans were visualized using Philips DICOM viewer R3.0-SP03 software 
(Philips Medical Systems). Cerebral ischemic damage was evaluated as previously 
reported.28 In short, periventricular and subcortical WMHs were scored semi 
quantitatively. Periventricular WMHs were present when lateral, posterior, and 
anterior periventricular regions were scored ≥2. A lacunar infarct, assessed 
on FLAIR and T2- and 3D T1-weighted images, was defined as a parenchymal 
defect (signal intensity identical to cerebrospinal fluid on all sequences) of at 
least 3 mm in diameter, surrounded by a zone of parenchyma with increased 
signal intensity on T2-weighted and FLAIR images. Microbleeds were defined as 
focal areas of signal void (on T2 images), which increased in size on T2*-weighted 
images (blooming effect). Symmetric hypointensities in the basal ganglia, likely to 
represent calcifications or non-hemorrhagic iron deposits, were disregarded. All 
measurements were obtained blinded to participants’ demographic and clinical 
information.

Image processing and analysis
MRI scans were analyzed with FMRIB software version 5.0.1. Library.29 For 
the automated measurement of WMH volume, 3DT1-weighted and FLAIR 
images were skull stripped30 and co-registered using the FMRIB’s Linear Image 
Registration Tool (FLIRT).31;32 The FLAIR image was affine-registered to MNI152 
standard space using FLIRT. WMHs were extracted from FLAIR images with a 
conservative MNI152 white matter mask and a threshold was set to identify 
which white matter voxels were hyperintense, followed by manually checking and 
editing for quality control.

Using the FDT (FMRIB’s Diffusion Toolbox), individual fractional anisotropy (FA), 
mean diffusivity (MD), axial diffusivity (AxD) and radial diffusivity (RD) images 
were created.33;34 Using FLIRT to a non-diffusion-weighted reference volume, 
original images were corrected for effects of head movement and eddy currents 
in the gradient coils. A diffusion tensor model was fitted to the corrected images 
to create individual FA, MD, AxD and RD images. For global quantification of brain 
tissue FA, MD, AxD, and RD, 3D T1 images were skull stripped,35 segmented, 36 and 
aligned to MNI152 using FLIRT. Lower FA and higher MD, AxD and RD indicate 
poorer integrity. 
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