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Les hypersignaux de la substance blanche ne sont pas nécessairement 

associés à un déclin des fonctions cognitives chez les personnes très âgées : 

une étude prospective de 66 participants 

 

Résumé  

 
Introduction :  Le volume d’hyperintensités de la substance blanche (HSB) augmente avec 

l'âge. Les HSB sont corrélés avec le déclin cognitif mais de rares études ont examiné ces 

associations dans une population très âgée. Le but de notre étude est de décrire les HSB puis 

d’évaluer la corrélation entre volume des HSB et fonctions cognitives dans une population très 

âgée. 

Méthodes : Nous avons réalisé une étude prospective et multicentrique incluant soixante-six 

sujets âgés de plus de 82 ans, sans maladie neurologique connue, qui ont eu le même jour une 

IRM cérébrale et une batterie de tests neuropsychologiques. Nous avons segmenté semi-

automatiquement les HSB (extraction du volume et de la topographie) et étudié la relation entre 

volumes régionaux des HSB et indices composites des tests neuropsychologiques (évaluation 

des fonctions exécutives, de la mémoire et de la vitesse de traitement). 

Résultats : Le volume moyen des HSB était de 16,9 mL. Les volumes d’HSB étaient 

respectivement plus élevés dans les régions pariétales, puis frontales et occipitales. Les régions 

pariétales présentaient le plus important volume relatif d’HSB, définit par le volume d’HSB sur 

le volume de substance blanche totale dans une même région.  Les femmes avaient des volumes 

relatifs d’HSB plus élevés que les hommes.  Aucune corrélation n'a été démontrée entre les 

volumes des HSB pour chaque région cérébrale et les indices composites des tests 

neuropsychologiques.  

Conclusion :  Cette étude fournit l'une des premières descriptions des HSB dans une population 

de personnes âgées de plus de 82 ans et démontre que les HSB ne sont pas nécessairement 

associés à un déclin des fonctions cognitives. Un ensemble de facteurs synergiques protecteurs 

pouvant expliquer ces résultats devrait être exploré afin de connaître les clés d'un vieillissement 

cognitif sain. 

 

Mots clés : Hypersignaux de la substance blanche; Fonctions cognitives ; Réserve cognitive 

cérébrale ; Vieillissement en bonne santé ; Segmentation 
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White matter hyperintensities are not necessarily associated with cognitive 

decline in oldest old population: A prospective study about 66 participants 

 

Abstract  

 
Objective : Describe the volume and topography of white matter hyperintensities (WMHs) in 

healthy participants over 82 and to investigate the relationship between regional WMHs 

volumes and cognitive functions. 

Methods : This prospective multicentric study included sixty six participants without 

neurological diseases known aged over 82. Patients underwent brain MRI and 

neuropsychological tests on the same day. WMHs were extracted using a semi-automated 

segmentation and the relationship between regional WMH volumes and composite indices of 

neuropsychological tests (evaluation executive functions, memory and processing speed) were 

studied. 

Results : The mean volume of WMHs was 16.9 mL. WMHs were respectively more extended 

in parietal, than in frontal and occipital regions. The greatest proportion of white matter with 

WMHs was located in the parietal region. Women had a higher proportion of WMHs than men, 

without influence on cognitive functions.  

No correlation was demonstrated between WMH volume for each brain region and the 

composite index for executive functions, memory and processing speed.  

Conclusion : This study provides a rare description of WMHs in a population of people aged 

82 and over, for whom WMHs are not associated with decline in cognitive function. 

A set of synergistic factors seems necessary and should be explored in order to determine the 

keys to cognitively healthy ageing. 

 

Keywords : White matter hyperintensity, cognitive function, cognitive brain reserve, healthy 

aging, segmentation. 
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Introduction  

 

Healthy ageing is part of the global action plans led by the WHO in a context in which 

the number of elderly over 80 years is projected to increase fourfold between the years 2000 

and 20501. White matter hyperintensity of presumed vascular origin2, formerly known as 

leukoaraoisis3, is the common term used to describe white matter changes, detected as 

hyperintensity on T2 weighted MRI or poorly defined hypodensity on CT scan.  

 

WMHs are common in elderly populations4,5 and progress with ageing6,7. The extent 

and topography of these radiological abnormalities, however, may vary considerably between 

individuals of the same age. WMHs are part of the ageing process, but are more extensive in 

individuals with vascular risk factors8–10 or neurodegenerative disease such as Alzheimer’s 

disease11. 

 

Previous studies have shown very heterogeneous patterns of correlations between 

volume and progression of WMHs with cognitive functions, such as executive functions and 

memory12–15, processing speed15 or general cognitive function16 during ageing. Despite 

becoming an important area of research in recent years, few studies have investigated the 

correlation between cognitive functions and WMHs, in healthy population with an average 

age > 82 years, a condition that is increasingly common in the world's population.  

 

The aim of our study was to describe the volume and topography of WMHs and 

investigate the association between regional WMHs and cognitive functions in population 

without neurological diseases known aged over 82 years.  
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Methods  

 
Participants 

This prospective multicentric study included 66 patients from the Fibratlas project17. 

Prior to recruiting participants, full approval was obtained from an institutional review board 

(National Reference Number ANSM 150348B-81). An informed written consent was 

obtained from all participants. Each participant had to be 82 or older, right-handed, with no 

major cognitive impairment (MMSE ≥ 24) and be voluntarily enrolled in a body donation 

programme. Patients were excluded in cases of past or present neurological or neurosurgical 

diseases, uncontrolled high blood pressure, diabetes or dyslipidaemia, contraindication MRI, 

or if a brain lesion had been diagnosed on MRI apart from frequent age-related changes.  

 

Neuropsychological testing  

All participants underwent standardized tests on the day of inclusion. Cognitive functions 

were categorized in three domains: 

• Memory was measured using the RL/RI 16 test (sum of 3 free recalls, sum of free and 

cued recalls, total free delayed recall and sum of free and cued delayed recall). 

• Measures of executive functioning included Verbal and categorical fluency (total 

number of correctly produced words of the Animals category), orthographic fluency 

(total number of correctly produced words beginning with the letter P), Stroop test 

(interference score by difference between time card C and time card A) and Trail 

Making Test flexibility score (Times to complete tasks and time difference between 

time card B and time card A). 

• Speed processing was assessed using Digit symbol (total of correct items) and TMTA 

(time card A). 

The Mini Mental State Examination (MMSE) was used to recruit and describe the general 

cognition of the population.  

 

MRI data acquisition 

All patients were scanned on the day of inclusion in the including centre using 

parameters shown in table 1. Concerning centre #1, the first 68 patients included were 

scanned with Siemens Verio 3T, while subsequent patients were scanned with Siemens 

Prisma 3T.  
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Parcellation 

Each participant’s T1 volume was first processed using the automated recon 

all FreeSurfer processing stream (version 6.0.0)18. Topological defects were manually 

corrected if needed. The Destrieux Atlas19 was used to perform the parcellation of cortical and 

subcortical areas and the volumes of the latter regions. These parcellations were also used to 

assign a label to the underlying white matter using a Voronoi diagram in the WM voxels 

based on distance to the nearest cortical parcellation label. T1 volumes were registered onto 

FLAIR volume using FLIRT with a boundary-based registration (BBR) cost function. Finally, 

the registration matrix was use to transform the parcellation into the FLAIR space. The 

relative volumes of each region were computed as a ratio between the absolute volume of 

each region and the estimated cerebral volume.  

 

White matter lesion segmentation  

The WMHs were extracted using a semi-automatic method based on previous 

studies5,20. The segmented lesions corresponded to the following characteristics: 

Hyperintensities in FLAIR images, without cavitation. Brainstem or subcortical grey matter 

lesions were excluded. Figure 1 summarizes the stages of segmentation. First, for each 

participant, we evaluated the mean value (𝜇NAWM) and the standard deviation (𝜎NAWM) of 

the FLAIR signal in normally ageing white matter (NAWM). For this, regions of interest were 

drawn in preserved white matter regions (NAWN ROI). Thus, a threshold was defined as 

𝜇NAWM + (3 * 𝜎NAWM). Then, in each region, we manually performed a coarse and rough 

segmentation of the white matter hyperintensity lesions (WMHs ROI). Both NAWN ROI and 

WMH ROI were drawn by two independent experts, then reviewed by a third one, without 

knowledge of patient characteristics. At the same time, MRI scans were visually assessed 

using a modified Fazekas scale21. Finally, the white matter lesions were extracted by applying 

the threshold within each WMH ROI. For each white matter region, a relative white matter 

lesion volume was computed, defined as the ratio between the volume of the white matter 

lesion and the volume of the white matter region. 
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Statistical methods  

Statistical analyses were performed using Statistica software (version 13) with 

statistical significance set at alpha = 0.001 to protect against type I errors. 

Relationships between regional WMHs (right and left frontal, parietal, temporal, occipital, 

central, insular and cingular) and cognitive functions were explored by means of Pearson 

correlations. Given that age can be associated with cognitive functions, this variable was 

added to the analyses as a covariate. 

An Oblimin rotation (Varimax) principal component analysis was conducted on the various 

cognitive measures to determine whether they loaded on a single factor. The analysis 

identified 3 factors, interpreted as corresponding to the 3 main cognitive functions assessed in 

this study: 1) episodic memory: total recall (Factorial score, FI = 0.88) , total free recall (FI = 

0,58), total delayed recall (FI = 0,82), total delayed free recall (FI = 0.46), 2) Executive 

functions: TMT score (FI = -0.51), categorical fluency (FI = 0.38), orthographic fluency (FI = 

0.70), Stroop test interference score (FI = -0.46), 3), processing speed: digit symbols (FI = 

0.76), Stroop A (FI = -0.85). These results enabled us to compute 3 composite scores 

corresponding to the average of the z scores associated with each cognitive function: episodic 

memory index, executive functions index and speed of processing index.  

Thus, we conducted correlational analyses (with age partialled out) between these 3 cognitive 

indexes and regional leukoariosis in the different brain regions (left and right frontal, parietal, 

temporal, occipital, cingular, insula and central) 
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Results 
 

Volume and topography of WMHs 

Table 2 illustrates the characteristics of participants. All older elderly participants 

presented WMHs. The mean volume of WMHs was 16.9 mL. WMH volume was respectively 

greater in parietal, then in frontal and occipital regions. Proportionally to the overall white 

matter by region, the parietal white matter is more impact by WMHs followed by occipital, 

insula, frontal, cingulate, central and temporal region (Figure 2). Women had a higher 

proportion of WMHs than men in different regions (Figure 2), without influence on cognitive 

functions. Unexpectedly, age was not associated with greater WMH volumes (p=0.08). Mean 

intracranial volume (VIC) was 1546479 mm3 for Women and 1374954 mm3 for men (mean 

1460717 mm3). 

 

Relationships between WMH measures and neuropsychological testing  

Post hoc tests using Bonferroni correction revealed no significative correlation 

between WMH volume for each brain regions and composite index for executive functions, 

memory and processing speed. 

Regarding executive functions, the volume of WMHs in the left parietal area reached the 

threshold of significance and to a lesser extent, that of WMHs in the right and left cingular 

areas. 
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Discussion 

 
The major finding of this study is that WMHs were not correlated with cognitive 

decline in our most older elderly participants. Moreover, we provide a rare description of 

WMHs in population with mean age > 82 years. 

 

The first step of our study was to detect and quantify the WMHs of each participant. 

Several methods were used, ranging from semi-quantitative assessments like the Fazekas 

visual rating scales16,21, to quantitative techniques by manual, semi-automated or fully 

automated segmentation. None of these have been fully validated, leading to difficulties in 

comparison between studies. The semi-automatic segmentation method seemed to us to be a 

good compromise for research. Like the fully automatic method, this technique saves time, 

while keeping human control like the manual method, which is the gold standard. This 

method has already been proven and the good inter-observer reproducibility, as found in 

previous studies5,22, confirms our choice. This method has been the most widely used in recent 

years23, improving the comparison with the existing literature. Moreover, we chose to study 

the effect of WMHs on cognition by spatial specificity as performed in previous studies 24–26. 

This allows a more accurate clinicoanatomical correlation and indicates the anatomical 

substrates of the impacted cognitive functions. For example, we can appreciate the impact of 

WMHs in the cingulate region belonging to the limbic system with memory, rather than a 

total volume with no topographic value.  

 

The mean WMH volume was higher in our sample compared to younger elderly in 

other studies with a mean age between 63 and 75 years old5,6,26, which is consistent with the 

progressive nature of WMHs with age6,27. In a population including old patients with normal 

cognition, mild cognitive impairment or Alzheimer's disease, an extension of existing WMHs 

by approximately 2.5 ml and the emergence of new WMHs of approximately 0.6 ml over a 

mean delay of 4 years has been shown6. We didn’t, however, find any correlation between 

WMH volume and age. This can be explained by a low age range in our sample. Slower 

progression of WMHs at older ages may also be an explanation. 

 

We assume that the volume of WMHs was low in our population because the 

individuals presented few vascular risk factors and these were mostly controlled. Indeed, there 
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is a relationship between vascular risk factors and severe WMHs, particularly 

hypertension28,29. Those with two or more vascular risk factors would have a greater loass of 

white matter integrity compared to patients with single vascular risk factor30. The absence of 

neurological disease is also a guarantee of white matter preservation. Higher WMH volumes 

have been shown in younger patients with cerebral amyloid angiopathy than our 

participants20. Moreover, most of our elderly subjects had non-confluent punctate WMHs, 

classified grade I according to the modified Fazekas scale, which would be in favour of non-

progressive and benign lesions7,31,32 indicating some preservation of their white matter despite 

their age.  

 

The lack of correlation between WMHs and neuropsychological testing doesn't imply 

the absence of causation. As a matter of fact, the effect of WMHs on the decline of all 

cognitive functions in the populations closest to our participants has been observed, though it 

is weak, as reported in a meta-analysis33. We suspect several protective factors in our 

population leading us to discuss the concept of neurocognitive reserve34,35. Many remarkable 

observations of successful cognitive ageing have been described in very old people, some of 

whom had numerous cardinal lesions associated with Alzheimer’s disease at autopsy36,37 or 

severe leukoaraoisis38 implying a compensatory mechanism. Neurocognitive reserve can be 

separated into two synergistic categories: cerebral reserve, a passive model linked to 

anatomical factors, and cognitive reserve, an active process attempting to compensate for 

brain damage35,39.  

Concerning cerebral reserve, the mean VIC of our elderly subjects was similar to or higher 

than other studies40,41. It has been shown that the size of the premorbid brain in patients with 

Alzheimer’s disease may be a factor in the age at onset of symptoms37,41. A meta-analysis also 

showed that VIC is generally positively correlated with cognitive functions42. Thus, a larger 

premorbid VIC could provide more functional brain tissue and delay the onset of symptoms. 

Regarding cognitive reserve, our very elderly and healthy participants are probably special 

because they might have been exposed to high educational attainment. Moreover, they were 

volunteers for a body donation programme reflecting a stimulating intellectual and social life, 

all of these life experiences being able to provide a reserve43. A recent study44 showed that 

these complex mental activity variables, especially during later life, are associated with a 

reduced incidence of dementia. Moreover, this cognitive reserve at the end of life would have 

a greater protective effect than that at the beginning of life45.  It should be noted that the role 

of education is debated43,46 and aside from the sustained and complex mental activity, a high 
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level of education could be associated with a healthier lifestyle, in particular through the 

previously mentioned control of cardiovascular risk factors. 

In summary, the synergy between cerebral reserve and cognitive reserve would allow the 

brain to cope better in the event of pathology, for example WMHs, compared to other patients 

whose clinical expression threshold would be lower. Longitudinal follow-up of our patients 

could highlight delayed cognitive deterioration corresponding to the inflection point at which 

the level of pathology allows symptoms to develop at a more advanced biological stage35,47. 

 

Our recruitment is a strength but can be considered as a possible selection bias. Our 

oldest elderly participants probably had low or moderate WMH volumes, approaching the 

age-related effect but limiting the conclusions of the impact of WMHs on this segment of the 

population. We must remain cautious about the volumes of WMHs in the left parietal and 

bilateral cingulate areas. The participation of the parietal region, combined with the frontal 

lobes, in executive functions is recognized48. Additional studies on a larger cohort are needed 

to validate our results. Additionally, we did not separate the volume of periventricular and 

deep WMHs, which can have different cognitive repercussions49. The lack of direct measures 

of cognitive reserve is one of the limitations of our study. This direct evidence is currently 

very limited but does exist. A higher functional connectivity has been demonstrated in 

patients with prodromal AD with more years of study, direct evidence of cognitive reserve50. 

 

 

Conclusion 

 
This study provides a rare description of WMHs in older elderly, which may be used 

for future studies. Data from our population suggest that WMHs are not necessarily associated 

with a decline in cognitive functions during very old age. A set of synergistic factors seem 

necessary for this and should be explored in order to determine the keys to cognitively healthy 

ageing.  
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Tables  

 
Table 1. Scanning parameters 
Center #1 #2 #3 #4 #5 #6 #7 

MRI models Siemens 

Verio 3T 

Siemens 

Prisma 3T 

Siemens 

Skyra 3T 

Philips 

Achieva 3T 

Philips 

Achieva 3T 

Siemens 

Prisma 3T 

Siemens 

Prisma 3T 

 n=48 n=1 n=3 n=2 n=3 n=6 n=3 

T1 GE               

Sequence GR/IR GR/IR GR/IR GR GR GR/IR GR/IR 

TR (ms) 2300 2300 2300 7.2 7.2 2300 2300 

TE (ms) 2.98 2.98 2.96 3.3 3.3 2.98 2.98 

TI (ms) 900 900 900 - - 900 900 

Flip angle (°) 9 9 9 9 9 9 9 

Resolution (mm) 1x1 1x1 1x1 1x1 1x1 1x1 1x1 

Slice thickness (mm) 1 1 1 1 1 1 1 

Number of slices 176 176 176 176 176 176 176 

Matrix 256x256 256x256 256x256 256x256 256x256 256x256 256x256 

T2 FLAIR               

TR (ms) 9000 9000 9000 11000 11000 9000 9000 

TE (ms) 95 95 78 90 90 78 95 

TI (ms) 2500 2500 2500 2800 2800 2500 2500 

Flip angle (°) 90 90 90 90 90 150 150 

Resolution (mm) 1x1 1x1 1x1 1x1 1x1 1x1 1x1 

Slice thickness (mm) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

Number sof lices 70 70 66 65 65 70 70 

Matrix 256x256 256x256 256x256 240x240 240x240 256x256 256x256 

Abbreviations : TR = repetition time; TE = echo time; TI = inversion time. 
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Table 2. Participant Characteristics 

Characteristics n=66 

Mean age (SD) 85.16 (2.94) 

Women (%) 33 (50) 
Educational level (years) 10.69 

MMSE 27.08 

Weight. kg (SD) 69.00 (11.62) 

Height. cm (SD) 

Tobacco 

non-smoker (%) 

stopped smoking (%) 

ongoing smoking cessation (%) 
Diabetes mellitus (%) 

High Blood Pressure (%) 

Dyslipidaemia (%) 

163.60 (10.44) 

 

46 (69.70) 

18 (27.27) 

2 (3.03) 
6 (10) 

43 (65.15) 

30 (45.45) 

VIC. mean mm3 

Women mm3 

Men mm3 

WMHs. mL 
Fazekas score (I/II/III) 

1460717 

1374954 

1546479 

16.9 
40/10/6 
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Figures  

 
Figure 1. Overview of the WMH segmentation process 

 
(A) An original axial slice of FLAIR-weighted brain MRI images showing distribution of 

WMHs. (B) Corresponding to segmentation of preserved normal ageing white matter regions 

in blue (NAWM ROI) and (C) coarse segmentation of WMHs in yellow (WMH ROI). (D) 

Green colour indicates WMH-labelled regions after thresholding. 
 

Figure 2. Percentage WMHs of each cerebral region vs white matter of the same region 

by sex.  

 
Black histogram refers to men, white histogram to women and grey histogram to the whole 

population. WMHs = white matter hyperintensities; WM = white matter. 
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Résumé : 
 
Introduction :  Le volume d’hyperintensités de la substance blanche (HSB) augmente avec l'âge. Les HSB 
sont corrélés avec le déclin cognitif mais de rares études ont examiné ces associations dans une population 
très âgée. Le but de notre étude est de décrire les HSB puis d’évaluer la corrélation entre volume des HSB 
et fonctions cognitives dans une population très âgée. 
Méthodes : Nous avons réalisé une étude prospective et multicentrique incluant soixante-six sujets âgés de 
plus de 82 ans, sans maladie neurologique connue, qui ont eu le même jour une IRM cérébrale et une 
batterie de tests neuropsychologiques. Nous avons segmenté semi-automatiquement les HSB (extraction 
du volume et de la topographie) et étudié la relation entre volumes régionaux des HSB et indices composites 
des tests neuropsychologiques (évaluation des fonctions exécutives, de la mémoire et de la vitesse de 
traitement). 
Résultats : Le volume moyen des HSB était de 16,9 mL. Les volumes d’HSB étaient respectivement plus 
élevés dans les régions pariétales, puis frontales et occipitales. Les régions pariétales présentaient le plus 
important volume relatif d’HSB, définit par le volume d’HSB sur le volume de substance blanche totale 
dans une même région.  Les femmes avaient des volumes relatifs d’HSB plus élevés que les hommes.  
Aucune corrélation n'a été démontrée entre les volumes des HSB pour chaque région cérébrale et les indices 
composites des tests neuropsychologiques.  
Conclusions :  Cette étude fournit l'une des premières descriptions des HSB dans une population de 
personnes âgées de plus de 82 ans et démontre que les HSB ne sont pas nécessairement associés à un déclin 
des fonctions cognitives. Un ensemble de facteurs synergiques protecteurs pouvant expliquer ces résultats 
devrait être exploré afin de connaître les clés d'un vieillissement cognitif sain. 
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