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Background: Old age and hypertension are consistently reported to be the main risk factors of leukoaraiosis. The
association between white matter lesions (WMLs) and other cardiovascular risk factors (CVRF) remains contro-
versial.We evaluated the association between CVRF andWMLs in a cohort study and determined the blood pres-
sure variables that could predict WML severity.
Methods: 830 subjects (65 +/− 1 years of age, 60% women) from the PROOF study, with a reliable ABPM and
brain MRI, were included. The exclusion criteria included prior myocardial infarction, stroke, heart failure, atrial
fibrillation, type 1 diabetes mellitus, and pacing. White matter changes on MRI were defined as hyperintensities
N5 mmon FLAIR images. We used the total degree ofWML (range: 0–30) by adding the region-specific scores of
both hemispheres.
Results: Linear regression analyses demonstrated a significant relationship between total leukoaraiosis score and
24 h systolic blood pressure (SBP), 24 h diastolic BP, daytime SBP and DBP and nighttime SBP. No significant re-
lationship was found between leukoaraiosis score and clinical SBP, clinical DBP, or nocturnal DIP. There was also
no significant relationship between leukoaraiosis and other recognized cardiovascular risk factors. Based on a
ROC curve analysis, we identified the optimal threshold separating high-risk WML patients for a mean 24 h
SBP above 123 mm Hg (p b 0.05).
Conclusions: Even moderate increases in 24 h SBP promote arteriolar fragility of the cerebral white matter in a
population aged 65. The prognostic implications of such abnormalities in asymptomatic andmoderate cardiovas-
cular risk populations remain to be evaluated.

© 2013 Published by Elsevier Ireland Ltd.

1. Introduction

White-matter lesions (WMLs) are frequently observed on cerebral
magnetic resonance imaging (MRI) of elderly patients, even when
they have no apparent neurological symptoms [1], and are an important
prognostic factor for stroke [2], cognitive impairment, dementia [3,4],
and premature death. WMLs are associated with degenerative changes
in brain arterioles that are related to atherosclerosis. This suggests that
cerebral arteriosclerosis of the penetrating vessels is a major factor in
the pathogenesis of ischemic WMLs [5]. Old age and hypertension are
consistently reported to be the main risk factors [6–8] for these lesions.

Both average systolic blood pressure (BP) and the variability of systolic
blood pressure have been linked to the presence of WMLs [9], although
the results vary somewhat across published studies [10,11]. Twenty-
four-hour ambulatory blood pressure monitoring (ABPM) has become
an important tool that is used to improve the diagnosis and manage-
ment of hypertension [12]. It is known that ABPMmore strongly corre-
lates with hypertension-related organ damage and cardiovascular
events than do office blood pressure measurements [13]. The associa-
tion between WMLs and other cardiovascular risk factors, such as type
2 diabetes, dyslipidemia or metabolic syndrome, remains controversial
[14,15]. To our knowledge, no prospective study has examined the rela-
tionship between tobacco use, dyslipidemia, metabolic syndrome and
WMLs in the elderly.

The aim of this study was to evaluate the associations between car-
diovascular risk factors and WMLs in an elderly French cohort (i.e., the
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PROOF study cohort) in subjects free of patent cerebrovascular disease
and to determine the blood pressure parameters (measured using
ABPM) that are most highly correlated with WMLs.

2. Methods

2.1. The PROOF study

The PROOF (PROgnostic indicator OF cardiovascular and cerebrovascular events)
study is a large representative community survey of older adults who were recruited
from the town of Saint-Étienne (France) and aged 65 years at the inclusion date [16].
The population of the study was selected among healthy volunteers who were expected
to be at a low risk for cardiac or cerebrovascular events. The exclusion criteria were
prior myocardial infarction, prior stroke, heart failure, atrial fibrillation, type 1 diabetes
mellitus, cardiac pacing, and diseases limiting life expectancy to b5 years. The final popu-
lation sample included 1011 subjects (60% of women). Detailed primary and secondary
objectives of the PROOF study have been published elsewhere. In summary, the PROOF
study was conducted to assess the role of decline in autonomic nervous system activity
as a risk factor for cardiovascular events or death due to any cause. Subject assessment in-
cluded clinical evaluation at the hospital by a cardiologist, an analysis of cardiovascular
risk factors, and a survey of the concomitant therapeutic drugs prescribed to these volun-
teers. Ambulatory blood pressure and ECG Holter monitoring was then performed on an
outpatient basis. Lastly, a brainMRIwas conducted in subjects forwhomMRIwas not con-
traindicated to ensure the absence of silent stroke. Of the 1011 subjects identified, 830
were includedwho completed reliable ABPMs andbrainMRIs,which allowed for the pres-
ence of white matter lesions to be evaluated.

The PROOF studywas approved by an ERB (CCPRB Rhône-Alpes Loire) and all subjects
signed a written informed consent.

2.2. Brain MRI

The brain MRIs were obtained using a 1-Tesla clinical MR unit (Magnetom
Harmony; Siemens) equipped with an 8-channel phased array coil. The scanning pro-
tocol included axial sections of T2-weighted conventional spin-echo (TE = 121 ms,
TR = 6620 ms, FOV = 173 ∗ 230 mm2, matrix size 115 ∗ 256) and fluid-attenuated
inversion recovery (FLAIR) (TR = 9000 ms, TE = 104 ms, inversion time = 2200 ms,
FOV = 173 ∗ 230 mm2, matrix size = 182 ∗ 256) sequences. The slice orientation was
the axial plane perpendicular to the posterior margin of the pons, and the slice thickness
was 5 mm, with a 1 mm inter-slice gap.

Only the FLAIR images were used to rate WMLs in this study because this sequence
suppresses the cerebrospinal fluid (CSF) signal and it is sensitive to visualizing
hyperintensities. Each scan was screened for other confounding neurological disorders.

2.3. Assessment of WML

The degree ofWMH severity was rated using the axial FLAIR images via the visual age
relatedwhitematter changes scale (ARWMC) [17].Whitematter changeswere defined as
ill-defined hyperintensities N5 mm on FLAIR images [18] and were rated as shown in
Table 1.

Five different regions were rated in the right and left hemispheres separately: 1) the
frontal area, which comprised the frontal lobe anterior to the central sulcus; 2) the
parietooccipital area, which consisted of the parietal and occipital lobes together; 3) the
temporal area, which included the temporal lobe (the border between the parietooccipital
and temporal lobes was approximated as the line drawn from the posterior part of the
Sylvian fissure to the trigone areas of the lateral ventricles); 4) the infratentorial area,
which included the brain stem and cerebellum; and 5) the basal ganglia, which included
the striatum, globus pallidus, thalamus, internal and external capsules, and insula. The
total degree of WMH (range: 0–30) was calculated by adding the region-specific scores
of both hemispheres. All of the visual ratings were centrally conducted by a single rater
whowas blinded to subjects' clinical information.We did not use semi-automated thresh-
old methods to quantify WMLs.

2.4. Blood pressure measurements

Clinical blood pressurewas defined as themean of 2 consecutive blood pressuremea-
surements obtained by a physician with a mercury sphygmomanometer after the patient
had been lying down for 15 min.

Twenty-four-hour ambulatory BP monitoring was assessed using valid, non-invasive
auscultatory methods (Diasys Integra, Novacor, Rueil-Malmaison, France) [19]. Measure-
ments were taken on a weekday beginning in the early morning. Automatic measure-
ments were taken every 15 min during daytime and every 30 min during the night
from the non-dominant arm. Subjects were instructed to continue their daily activities
and regular sleeping habits as normal.

Average values of clinical systolic blood pressure (SBP) and diastolic blood pressure
(DBP), 24-hour SBP and DBP, awake SBP and DBP, and sleep SBP and DBP were obtained
for all of the subjects. Moreover, we calculated systolic and diastolic Dip as Dip = (1 − [-
sleep BP / awake BP]), pulse pressure (PP) as PP = 24-hour SBP − 24-hour DBP, and
mean arterial BP (MAP) as MAP = (24-hour SBP + [2 × 24-hour DBP]) / 3.

Hypertensionwas defined as either being treated (with at least onemedication), having
a mean DBP N 85 mm Hg and/or mean SBP N 130 mm Hg. An awake SBP N 135 mm Hg
and a 24 h SBP N 130 mm Hg were defined as two markers of elevated BP on ABPM.

2.5. Cardiovascular risk factors

Risk factors other than blood pressure were evaluated in the PROOF study including
the following: biological measures (fasting blood glucose, total cholesterol, HDL and LDL
cholesterol, and triglyceride levels) as well as clinical anthropometric measurements
(body mass index (BMI), waist circumference (WC), and tobacco smoking). In this
study, the following thresholds were used: WC N102 cm for men and N88 cm for
women, fasting plasma glucose concentration N6.1 mmol/L or use of hypoglycemic med-
ication, plasma HDL-cholesterol concentration b1.03 mmol/L for men and b1.29 mmol/L
for women, and plasma triglycerides concentration N1.69 mmol/L [20].

2.6. Statistical methods

We performed statistical analyses using a linear regression model with each blood
pressure measurement (clinical SBP and DBP, ambulatory SBP and DBP, PP, MAP) and
common risk factors (age, tobacco use, waist circumference, BMI, fasting blood glucose
level, total cholesterol, HDL-cholesterol, LDL-cholesterol, LDL/HDL cholesterol and triglyc-
erides) as dependent variables and leukoaraiosis, gender and hypertension status as inde-
pendent variables. A linear regression was then performed using the subjects who were
free of antihypertensivemedications; each bloodpressuremeasurementwas used as a de-
pendent variable, and gender and leukoaraiosis were used as independent variables.

Common metabolic syndrome thresholds were used to separate our population into
two groups: those with metabolic syndrome and those without metabolic syndrome.
Student's t-test was applied to compare mean leukoaraiosis scores/severity between
these two groups.

Using ROC curves, we also attempted to define a blood pressure threshold to discrim-
inate between individualswith low levels of leukoaraiosis and individuals with high levels
of leukoaraiosis; these groupswere definedusing themedian leukoaraiosis score observed
in the entire sample.

3. Results

For a total of 830 subjects, biological measurements, ambulatory
blood pressure recordings and validated brain MRIs were obtained.
Table 2 presents the characteristics of the population of study and
Table 3 summarizes regional leukoaraiosis scores.

Evaluating the two subgroups in relation to the known thresholds
for fasting blood glucose, WC, BMI, HDL cholesterol, HDL/LDL or triglyc-
erides or blood pressuremeasurements, the leukoaraiosis score was de-
termined to be significantly different only between subjects with
elevated blood pressures or with treatment and normotensive subjects.
As expected, leukoaraiosis severity was found higher in subjects under
anti-hypertensive medication (p = 0.015).

Linear regression analyses revealed a significant relationship be-
tween total leukoaraiosis scores and 24 h SBP and 24 h DBP, daytime
SBP and DBP and nighttime SBP. No significant relationship was found
between leukoaraiosis scores and clinical SBP, clinical DBP or systolic
and diastolic DIP. The relationship between total leukoaraiosis and
nighttime DBP approached significance but was non-significant. The
total leukoaraiosis score was also significantly associated with PP and
MAP. These results are summarized in Table 4.

In untreated and supposedly normotensive subjects, the total
leukoaraiosis score was significantly associated with all of the BP mea-
surements, except for clinical SBP and DBP, and systolic and diastolic

Table 1
The ARWMC rating scale for MRI.

Score Definition

White matter lesions
0 No lesions
1 Focal lesions
2 Beginning confluence of lesions
3 Diffuse involvement of the entire region, with or without involvement of U

fibers
Basal ganglia lesions
0 No lesions
1 1 focal lesion N 5 mm
2 More than 1 focal lesion
3 Confluent lesions

White matter changes on MRI were defined as bright lesions N5 mm on FLAIR images.
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