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Abstract

Subcortical hyperintensities (SH) on neuroimaging are a prominent feature of vascular dementia (VaD) and SH severity
correlates with cognitive impairment in this population. Previous studies demonstrated that SH burden accounts for a
degree of the cognitive burden among VaD patients, although it remains unclear if individual factors such as cognitive
reserve influence cognitive status in VaD. To address this issue, we examined 36 individuals diagnosed with probable
VaD (age 5 77.56; education 5 12). All individuals underwent MMSE evaluations and MRI brain scans. We predicted
that individuals with higher educational attainment would exhibit less cognitive difficulty despite similar levels of SH
volume, compared to individuals with less educational attainment. A regression analysis revealed that greater SH volume
was associated with lower scores on the MMSE. Additionally, education moderated the relationship between SH volume
and MMSE score, demonstrating that individuals with higher education had higher scores on the MMSE despite similar
degrees of SH burden. These results suggest that educational attainment buffers the deleterious effects of SH burden on
cognitive status among VaD patients. (JINS, 2011, 17, 531–536)
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INTRODUCTION

Vascular dementia (VaD) refers to cognitive impairment
secondary to cerebral vascular disease that is of sufficient
severity to impact activities of daily living. VaD is believed
by some to represent the second most prevalent type of
dementia in the United States after Alzheimer’s disease (AD;
Roman, Erkinjuntti, Wallin, Pantoni, & Chui, 2002). The
prevalence of VaD has been the subject of debate, particu-
larly in terms of the independence of VaD from AD (Di Iorio,
Zito, Lupinetti, & Abate, 1999; Jellinger, 2003; Jellinger &
Attems, 2003; Wallin, 1998). However, many studies have
reported that these diseases are characterized by unique
neuropsychological profiles. VaD patients normally have a
more intact recognition memory system, and greatly impaired
executive functions, compared to AD patients (Graham,
Emery, & Hodges, 2004; Kertesz & Clydesdale, 1994; Tierney
et al., 2001; Traykov et al., 2005).

The expression of VaD is highly variable and dependent
upon lesion size and location. The most commonly affected

areas are the subcortical regions of the gray and white matter,
likely due to the vulnerability of the small anastamosing
vessels that perfuse these regions and are compromised by
aging. As noted above, common cognitive deficits associated
with subcortical VaD are slowed processing speed, memory
impairment, executive dysfunction, and impaired language
fluency (Jokinen et al., 2006; Paul, Garrett, & Cohen, 2003),
although heterogeneity is the rule as the cognitive profile will
depend on the affected underlying neural circuits.

Subcortical hyperintensities (SH), a hallmark feature
of subcortical VaD, are believed to represent necrotic or
inflamed tissue due to small subcortical strokes visualized
as areas of bright white regions on T2 or fluid-attenuated
inversion recovery (FLAIR) MRI (Fischer et al., 2007). The
development of SH appears to be related to both vascular
factors, such as hypertension, as well as degenerative factors,
such as brain shrinkage, due to aging and disease (Fischer
et al., 2007). Other possible causes have been suggested
including blood–brain barrier failure and endothelial leakage
(Warlaw, Sandercock, Dennis, & Starr, 2003). Several
studies have demonstrated that SH in VaD populations are
associated with impairment in processing speed and execu-
tive function (Bombois et al., 2007; Jokinen et al., 2005).
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Additionally, areas of SH in healthy, nondemented older
individuals have been shown to be related to declines in
processing speed (Nebes et al., 2006; Paul et al., 2005;
Schmidt et al., 1993).

In other dementia populations such as AD, the level
of cognitive impairment associated with neuropathological
burden appears to be mitigated by higher levels of educational
attainment. This level of discrepancy between neuropatholo-
gical features of disease and conserved behavioral competence
may be attributed to modifying factors that support brain
function despite advanced disease. The concept of cognitive
reserve (CR) has been proposed to explain the discrepancy
between individuals with similar degrees of pathology, but
with varying functional capacities (Stern, 2002). Several stu-
dies indicate that this discrepancy may be accounted for
by individual life experiences, such as educational attain-
ment (McDowell, Xi, Lindsay, & Teirney, 2007; Mortimer,
Snowdon, & Markesbery, 2003; Wilson et al., 2009), IQ
(Sole-Padulles et al., 2009), linguistic ability (Riley, Snowdon,
Desrosiers, & Markesbery, 2005; Snowdon et al., 1996),
active social lifestyles (Fratiglioni, Paillard-Borg, & Winblad,
2004), and leisure activities (Helzner, Scarmeas, Cosentino,
Portet, & Stern, 2007; Scarmeas & Stern, 2003).

Individual differences in head circumference, brain volume,
and synaptic density may account for the impact of CR on
behavioral outcomes (Kesler, Adams, Blasey, & Bigler, 2003;
Mortimer et al., 2003). Other models suggest that these effects
are due to redundancy in the normal brain networks, providing
more cognitive strength and flexibility after damage (Helzner
et al., 2007; Riley et al., 2005; Scarmeas, Albert, Manly, &
Stern, 2006; Stern et al., 2005).

The construct of CR has been most extensively studied in
AD (McGurn, Deary, & Starr, 2008; Roselli et al., 2009;
Stern, 2006; Wolf, Julin, Gertz, Winblad, & Wahlund, 2004).
Other studies have identified evidence for the role of
CR in traumatic brain injury (Kesler et al., 2003), Lewy body
dementia (Del Ser, Hachinski, Merskey, & Munoz, 1999),
and hepatitis C (Bieliauskas et al., 2007). Several studies
have examined CR in the context of vascular disease among
nondemented individuals. Results from these studies
revealed that greater CR variables were associated with better
cognitive outcome. A study by Dufouil, Alperovitch,
and Tzourio (2003) revealed that individuals with greater
education withstood greater vascular insult to the brain.
Another study by Nebes et al. (2006) revealed that education
provided protection against poor processing speed due to SH
in normal aging.

To date, studies have not examined the impact of CR in
the context of VaD, yet the issue is important in terms of
identifying factors associated with disease status. The current
study investigated the relationship between educational
attainment, SH volume and global cognitive status in a
sample of patients with VaD. The Mini-Mental State Exam
(MMSE) is a brief measure of global cognitive function, and
is used regularly as a cognitive screening tool by physicians.
We hypothesized that individuals with greater educational
attainment would perform better on the MMSE than individuals

with less education, even if the higher educated individuals
have greater amounts of SH damage.

METHODS

Participants

The study consisted of 36 participants (mean age 5 77.56;
SD 5 5.71; mean education 5 12.03; SD 5 3.38, education
range 5 6–20 years; see Table 1) diagnosed with probable
VaD. All participants were extracted from a larger cohort
of individuals that were originally enrolled in a longitudinal
late phase drug trial to treat VaD. Results of the trial revealed
no significant drug-effects (Cohen, Browndyke, et al., 2003),
and therefore, the treatment and placebo groups were
collapsed for the present study. The current sample was
extracted from the larger cohort based on the presence of
complete baseline data.

All participants were diagnosed with probable VaD by
consensus and met criteria for both the NINDS-AIREN and
DSM-IV criteria. To establish these diagnoses, a thorough
neuropsychological and neurological examination was per-
formed that included a complete medical history from the
patient and an additional informant, and structural neuro-
imaging scans. Due to this study being a pharmacological
study in origin, rigorous efforts were made to identify indi-
viduals with probable pure VaD, rather than probable mixed
dementia. To increase the reliability of the diagnoses, all VaD
diagnoses were made by group consensus between experts in
the field. All participants were between the ages of 67 and
88 years old and had a score below 24 on the MMSE.
Exclusionary criteria included terminal systemic illnesses,
other neurological disorders, major psychiatric disorders, and
contraindications for MRI. Written informed consent was
obtained from each of the participants. All aspects of the
study protocol were approved by the local IRB, and all
research was conducted in compliance with the Helsinki
Declaration.

Procedures

All subjects underwent an MRI, and they were administered
the MMSE as part of a larger neuropsychological battery.
Education was used as a proxy measure of cognitive reserve.

Table 1. Demographics

Summary details of VaD sample (N 5 36)

Variable Mean (SD) Minimum Maximum

Education (years) 12.03 (3.38) 6.00 20.00
MMSE 20.00 (4.23) 9.00 24.00
SH volumea 0.04 (0.02) 0.01 0.12

Note. VaD 5 vascular dementia; MMSE 5 Mini-Mental State Examination;
SH 5 subcortical hyperintensities.
aSH volume is calculated as a ratio using total subcortical and periventricular
hyperintensity volumes (mm3) over whole brain volume (mm3).
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Education was quantified as a continuous variable using
highest level of years of education completed. Previous
studies have used education as a proxy measure of CR with
robust results (Dufouil et al., 2003; McDowell et al., 2007;
Nebes et al., 2006; Roselli et al., 2009).

MRI Acquisition

SH volume was determined by MRI using a 1.5 Tesla
Siemens Magnatom Vision scanner within 1 week of neuro-
psychological assessment. FLAIR pulse sequences [repeti-
tion time (TR) 5 6000 ms; echo time (TE) 5 105 ms] were
used to acquire 5-mm-thick axial slices with a 2-mm gap
between slices. Field of view was 24 3 24 cm, with a matrix
of 192 3 256 voxels. MedVision System software was
used to download and reconstruct the neuroimaging data.
SH quantification is described in more detail in previous
studies (Cohen et al., 2002; Garrett et al., 2004). Briefly, SH
volumes were quantified with a semi-automated thresholding
routine performed on a Macintosh computer using the public
domain NIH Image program (developed at the U.S. National
Institutes of Health and available on the Internet at http://
rsb.info.nih.gov/nih-image/). Brain volume and SH volume
were calculated using a semi-automatic thresholding techni-
que that categorized bandwidths of light as white, black, or
gray based on an intensity histogram that was generated for
each individual. A threshold for each light peak was set
manually to represent brain tissue, SH, and cerebrospinal
fluid, and the threshold was then applied across all scan slices
to render volume summations. Brain volume was calculated
by summing all pixels classified as brain tissue (excluding
space) and a ratio of SH was defined as the total SH value in
subcortical and periventricular areas over whole brain
volume. Calculated SH volumes were expressed as a ratio of
total subcortical and periventricular hyperintensity over
whole brain volume, excluding ventricular space. Intrarater
reliability of the SH quantification exceeded .96.

Analyses

Moderated multiple regression was used to determine if
the relationship between MMSE score and SH volume
was dependent on level of education, an indication of CR.

Two regressions were estimated, one we will call the
‘‘main effects’’ model and the other the ‘‘interaction’’ model.
SH volume and level of education were mean centered before
creation of an interaction term to facilitate interpretation
and to reduce multicollinearity that would occur for the first
order variables with the interaction term (Aiken & West,
1991). For the first model, MMSE was regressed onto the
mean centered SH volume and the mean centered education
level. The interaction term was then added to the regression
as a moderator in a second model to determine if the rela-
tionship between SH volume and MMSE scores were
dependent on level of education. Results of both models are
presented below.

RESULTS

Education Moderates SH Volume and MMSE Score

The regression of MMSE onto mean centered SH volume and
mean centered education was significant (F(2,33) 5 5.77;
p , .05) accounting for 26% of the variance in MMSE (see
Table 2). Without accounting for the interaction, SH volume
had an overall negative relationship with MMSE and educa-
tion had an overall positive. However, these effects should
only be interpreted with the following model which includes
the interaction. The interaction accounted for an additional
13% (R2 5 .39) of the variance (F(3,32) 5 6.76; p , .05).
The effect size is modest at f 2 5 .21. The most important
point to note for this interaction model is the form of the
interaction. Figure 1 shows the simple slopes for the rela-
tionship between MMSE and SH volume when education
is high (defined as the mean11 standard deviation ,15.4
years) and when education is low (defined as the mean – 1
standard deviation , 7.6 years). These values are arbitrary
and sample dependent, but this method of illustrating the
effects is well-documented and accepted (Aiken & West,
1991; Cohen, Cohen, Aiken, & West, 2003). Figure 1 shows
that the overall relationship of SH volume with MMSE scores
when education is low is negative. That is, when individuals
with lower education experience high SH volume, they are
more inclined to experience lower MMSE. On the contrary,
when individuals have higher education the relationship
between SH volume and MMSE scores is attenuated.

Table 2. Moderation

Summary of regression analysis for the moderating effects of education on SH and MMSE scores

Variable B SE B SE

Intercept 20.03* 0.63 20.33* 0.59
SH vol. 261.23* 26.25 0.075 33.85
Education 0.40* 0.19 0.313 0.178
SH*Education 26.81* 10.34
R2 0.259 0.388

Note. N 5 36. SH vol. is mean centered. Education is mean centered. SH*Education is the interaction of mean centered SH and mean
centered Education. MMSE 5 Mini-Mental State Examination; SH 5 subcortical hyperintensities.
*p , .05.
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The overall pattern expressed in Figure 1 is consistent with a
buffering hypothesis (Cohen, Cohen et al., 2003) whereby edu-
cation buffers the relationship between SH volume and MMSE.

DISCUSSION

Our cross-sectional results suggest that education, a proxy
measure of CR, provides protection against decline in cog-
nitive function due to SH damage in the brain. To our
knowledge, these are the first data that describe a relationship
between CR and SH burden in a VaD cohort. Additionally,
our results are consistent with previous studies indicating that
increased SH volume has a negative outcome on global
cognitive function in patients diagnosed with VaD.

The main hypothesis investigating whether the protection
of CR extended to a VaD group was supported in this study.
On a test of overall cognitive function, individuals with
higher educational attainment, a proxy measure of CR, per-
formed better than individuals with similar degrees of SH
pathology. To the extent that educational attainment serves as
a valid proxy for mental activity, our findings indicate that
greater amounts of mental activity in young adulthood are
beneficial later in life. These effects may provide a buffer
against functional decline in the face of damage to the brain.
This is important because it provides a means by which
an individual can modify their risk factors for dementia.
Furthermore, the results may provide information regarding
their prognosis following clinical diagnosis.

A few studies have investigated the role of CR in popula-
tions with varying degrees of vascular burden. A study by
McGurn et al. (2008) reported that individuals who scored
higher on an early life test of premorbid ability were less
likely to develop VaD later in life. Nebes et al. (2006)
reported that white matter lesions in a healthy older popula-
tion were related to deficits in processing speed. This rela-
tionship was further influenced by education level, but only

in individuals with less than a college level education.
Of interest is that the Nebes et al. (2006) study included
individuals with greater than 12 years of education. Dufouil
et al. (2003) also reported that education moderated the
relationship between neuropsychological performance and
SH burden among healthy older adults with SH. Our data
suggest that the protective effect of education is evident
among individuals with a range of educational attainment,
and a clinical diagnosis of dementia.

While the exact mechanisms of CR are largely unknown
several studies have revealed that greater brain volume and
head circumference may provide a buffer, likely by support-
ing synaptic complexity (Kesler et al., 2003; Mortimer et al.,
2003). However, this passive model, or brain reserve model,
does not take into account individual variability in response
to damage or compensation, which has led to the introduction
of ‘‘active’’ models of reserve (Stern, 2002). These active
models postulate that the systems involved in processing
a task are more efficient among individuals with greater
reserve, perhaps through redundancy, allowing an individual
to better cope with damage (Stern, 2006, 2009). Our study
provides further support for the active model of reserve. We
observed that it may not be simple neuronal or synaptic
density that accounts for the differences in cognitive ability,
since some individuals with greater education may still have
less brain volume. Instead, there appears to be supportive
value to the greater amount of education that these indivi-
duals have received. While the above discussion is of interest,
it is important to note that our study was not designed to
determine the mechanisms associated with CR and therefore
future work in this area is needed.

It should be noted that in the many VaD cases reviewed at
autopsy, the pathology is of mixed origin and often shared
with AD pathology. Significant efforts were undertaken in
the parent pharmaceutical study to ensure that the sample
included individuals with VaD rather than a mixed sample.
Nevertheless, a measure of caution is warranted since it is not
possible to determine the fidelity of the diagnosis in the
absence of autopsy data. Additionally, since we believe this
to be a pure VaD group, the current findings would only be
applicable to individuals with pure VaD, and it is unknown if
these findings can be generalized to a mixed pathology group.

A limitation of the current study is the small sample size
used for the regression analyses. It is worth noting that in
general, it is difficult to detect interactions in small sample
sizes. Thus, given both the form and magnitude of this
interaction, the sample size becomes less a concern. It is very
unlikely that the effects determined here are spurious (see
Evans, 1985). To address concerns about the stability of the
results, we used a bootstrapping technique to provide further
evidence of the interaction reported in the results (Davison &
Hinkley, 1999; Efron & Tibshirani, 1993). By replicating the
procedure using random sampling with replacement 999
times, we determined that the effect size of the interaction
shows little bias (median f 2 5 .22; median R2 5 .42). Another
weakness in the current study is the use of the MMSE as an
overall measure of cognitive function. We chose to use the

Fig. 1. Moderator high represents individuals with 1 standard
deviation above the mean in educational attainment. Moderator low
represents individuals with 1 standard deviation below the mean in
educational attainment. Individuals with a higher level of education
perform better on the MMSE, despite greater amounts of SH. By
contrast, individuals with lower levels of education perform worse
on the MMSE with greater SH volumes. MMSE 5 Mini-Mental
State Examination; SH 5 subcortical hyperintensities.
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MMSE because it is a highly used test in clinical practice,
however it may not be ideal for a VaD sample due to the
limited assessment of executive function using this scale.
This is important as the executive domain is relatively more
impaired than other domains in some forms of VaD (Boyle,
Paul, Moser, & Cohen, 2004; Jokinen et al., 2006; Paul et al.,
2003). Additionally, our study provides evidence that even
with the limitations of the MMSE in a VaD population, the
impact of CR on this test is evident and therefore impacts
clinical performance. Relatedly, previous studies of healthy
adults indicate that assessment of individual cognitive
domains rather than global function may provide additional
insight into the nature of the relationships between CR and
neuropsychological performance (Kaplan et al., 2009).

Finally, previous studies have indicated that the effects of
education on the vascular system and cognitive performance
are not related to higher socioeconomic status or health
advantages in more educated individuals (McDowell et al.,
2007). Our study did not investigate whether the influence of
education would still be significant when these other factors
are taken into account. Future studies should focus on con-
trolling the effects of these factors to investigate if the CR
hypothesis remains valid in a VaD population.

The findings of this study suggest that individuals with a
greater amount of educational attainment are able to cogni-
tively withstand greater amounts of damage related to VaD
than individuals with comparable damage and less education.
There are several implications that can be derived from these
findings. First, individuals should be encouraged to engage in
mental activity to mitigate the neuropsychological compro-
mise associated with vascular pathology. While education
was the focus of the current study, education is believed to
represent a proxy for focused mental activity. Second, our
data may aid clinicians in determining with greater certainty
the prognosis of patients diagnosed with VaD based on
educational attainment.
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