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White Matter Microstructural Damage in Small Vessel
Disease Is Associated With Montreal Cognitive Assessment
But Not With Mini Mental State Examination Performances
Vascular Mild Cognitive Impairment Tuscany Study

Marco Pasi, MD; Emilia Salvadori, PhD; Anna Poggesi, MD, PhD; Laura Ciolli, MD, PhD;
Alessandra Del Bene, MD, PhD; Sandro Marini, MD; Serena Nannucci, MD;
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Nicola Toschi, PhD; Stefano Diciotti, PhD; Mario Mascalchi, MD, PhD;
Domenico Inzitari, MD; Leonardo Pantoni, MD, PhD; for the VMCI Study Investigators

Background and Purpose—Montreal Cognitive Assessment (MoCA) has been proposed as a screening tool in vascular
cognitive impairment. Diffusion tensor imaging is sensitive to white matter microstructural damage. We investigated if
diffusion tensor imaging-derived indices are more strongly associated with performances on MoCA or on the widely used
mini mental state examination in patients with mild cognitive impairment and small vessel disease.

Methods—Mild cognitive impairment patients with moderate/severe degrees of white matter hyperintensities on MRI were
enrolled. Lacunar infarcts, cortical atrophy, medial temporal lobe atrophy and median values of mean diffusivity and
fractional anisotropy of the cerebral white matter were studied and correlated with cognitive tests performances.

Results—Seventy-six patients (mean age 75.1+6.8 years, mean years of education 8.0+4.3) were assessed. In univariate analyses,
a significant association of both MoCA and mini mental state examination scores with age, education, cortical atrophy, and
medial temporal lobe atrophy was found, whereas mean diffusivity and fractional anisotropy were associated with MoCA. In
partial correlation analyses, adjusting for all demographic and neuroimaging variables, both mean diffusivity and fractional
anisotropy were associated only with MoCA (mean diffusivity: =—0.275, P=0.023; fractional anisotropy: r=0.246, P=0.043).

Conclusions—In patients with mild cognitive impairment and small vessel disease, diffusion tensor imaging-measured white matter
microstructural damage is more related to MoCA than mini mental state examination performances. MoCA is suited for the cognitive
screening of patients with small vessel disease. (Stroke. 2015;46:262-264. DOI: 10.1161/STROKEAHA.114.007553.)
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he term vascular cognitive impairment refers to cognitive

impairment, of any degree, associated with cerebrovascu-
lar diseases, among which small vessel disease (SVD) is the
most frequent cause.'?

Montreal Cognitive Assessment (MoCA) has been proposed
as a screening tool in vascular cognitive impairment because,
differently from the widely used mini mental state examina-
tion (MMSE), it includes attentional, psychomotor speed, and
executive tasks.>*

Diffusion tensor imaging (DTI) is an MRI technique able to
detect changes in white matter microstructure that are not evi-
denced on conventional MRI, but may have a clinical effect.’

We assessed whether white matter microstructural damage
as measured with DTI in patients with mild cognitive impair-
ment (MCI) and SVD is more strongly reflected by MoCA than
MMSE performances. If this holds true, it would support the
hypothesis that MoCA is more suited than MMSE as a cogni-
tive screening tool to assess patients with MCI related to SVD.

Methods

The Vascular Mild Cognitive Impairment Tuscany (VMCI-Tuscany)
study is a multicenter, prospective, observational study designed to
estimate the effect of a large set of clinical, neuroimaging, and bi-
ological markers of SVD in predicting the transition from MCI to
dementia.® To be included, patients had (1) MCI (Winblad criteria)’
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and (2) moderate to severe degrees of white matter hyperintensities
(WMH) on MRI, (modified Fazekas scale).!” The local ethics com-
mittee approved the study and informed consent was obtained from
all participants.

At baseline, demographic variables (age, education, and sex) were
collected, and both MoCA and MMSE were administered. For cut-
off values and correction of age and education effect, we used norms
validated in the Italian population.>® Conventional MRI features in-
cluded lacunar infarcts, WMH, global cortical atrophy, and medial
temporal lobe atrophy. Median values of mean diffusivity (MD) and
fractional anisotropy of the cerebral white matter were used as DTI-
derived indices (Figure). Other details of study methodology, clinical
and MRI protocol are presented in the online-only Data Supplement.

Statistical analysis included adjusted partial correlation analysis
between MoCA, MMSE, and DTI-derived indices (see online-only
Data Supplement).

Results
At baseline, 76 patients had both clinical and DTI assessment
(Table 1; see online-only Data Supplement).

Univariate analyses showed a significant association of
both MoCA and MMSE with age, education, cortical global
atrophy, and medial temporal lobe atrophy, whereas no associ-
ation emerged with WMH and lacunar infarcts. MD and frac-
tional anisotropy only correlated with MoCA score (Table 2).

In partial correlation analysis between MoCA, MMSE,
and DTI-derived indices, adjusted for demographics and con-
ventional MRI variables, only MoCA proved significantly
associated with MD (r=-0.275, P=0.023) and fractional
anisotropy (r=0.246, P=0.043). No significant correlation
was observed between MMSE- and DTI-derived indices
(MD: r=-0.107, P=0.385; fractional anisotropy: r=0.219,
P=0.073).

Concerning MoCA subtests, correlation analysis showed
a significant association between MD and visuoexecutive
(p=-0.372, P=0.001) and attentional (rbp=—0.259, P=0.026)
tasks (Table in the online-only Data Supplement).

Figure. Automatic white matter segmentation mask in 1 patient
with Fazekas grade 2 white matter hyperintensities on fluid-atten-
uated inversion recovery.
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Table 1. Demographic, Clinical, and MRI Characteristics

Mean=SD or
n=76 Percentage (%)
Age (y) 75.1+6.8
Education (y) 8.0+4.3
Sex

Female 447
Male 55.3
MMSE score 26.1+3.3

MMSE performance (impaired) 14.6
MoCA score 18.9+5.7
MoCA performance (impaired) 26.7
Lacunar infarcts

n=0 28.9

n=1-3 329

n>3 38.2
Fazekas

Grade 2 48.7

Grade 3 51.3
Global atrophy

Grade 1 18.4

Grade 2 67.1

Grade 3 145
MTA 3.1+0.9
Median MD cerebral WM 0.82x10-°+0.37x10~
Median FA cerebral WM 0.4+0.2

FA indicates fractional anisotropy; MD, mean diffusivity; MMSE, mini mental
state examination; MoCA, Montreal cognitive assessment; MTA, medial temporal
lobe atrophy; and WM, white matter.

Discussion
In our sample of patients with MCI and SVD, white matter
microstructural damage, as evaluated by DTI-derived indi-
ces, was related to MoCA but not to MMSE performances,
supporting the hypothesis that MoCA is more sensitive to the
presence of subtle SVD.

One limitation of the study is that our cohort might not be
purely vascular as imaging markers of neurodegeneration, are
present. This reflects the frequent coexistence of vascular and
degenerative mechanisms in the aging brain.

We found no statistically significant difference between
patients with moderate and severe WMH in terms of MMSE
or MoCA scores. This maybe due to a loss of accuracy in
discriminating among patients subgroup using cognitive
screening tests once a certain degree of SVD is reached.
However, patients with severe WMH had on average a
2-point lower score on MoCA in comparison with those
with moderate WMH.

Consistent with our hypothesis and results, other studies
showed that DTI-derived indices correlated with executive
dysfunction in patients with SVD,” whereas conflicting results
derive from previous studies comparing MoCA and MMSE in
patients with SVD.!!

Our data confirm the hypothesis that microstructural
damage related to SVD is more expressed by MoCA than
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Table 2. Univariate Analysis: Association Between

Demographic, Neuroimaging Variables, and MMSE and

MoCA Score
MMSE PValues MoCA PValues
Age -0.246* 0.032 —-0.435* <0.001
Education (y) 0.428* <0.001 0.522* <0.001
Sex
Female 25.3+3.5 0.041t 17.6+6.0 NSt
Male 26.8+2.9 19.9+5.4
Lacunar infarcts
n=0 25.2+4.0 NS§ 19.5+5.6 NS§
n=1-3 26.6+3.3 18.0+6.0
n>3 26.4+2.5 19.2+5.7
Fazekas
Grade 2 26.5+3.1 NSt 20.1+5.6 NSt
Grade 3 25.8+3.4 17.8+5.7
Global atrophy
Grade 1 28.3+1.2 0.0048§ 23.5+2.8 0.0068§
Grade 2 26.0+3.1 18.0+5.7
Grade 3 24.1+4.5 17.6+6.4
MTA —0.284* 0.013 —-0.293* 0.011
Median MD cerebral WM -0.210* NS —-0.415* <0.001
Median FA cerebral WM 0.176* NS 0.251* 0.030

FA indicates fractional anisotropy; MD, median diffusivity; MMSE, mini
mental state examination; MoCA, Montreal cognitive assessment; MTA, medial
temporal lobe atrophy; NS, not significant; and WM, white matter.

*Pearson r.
1Student ttest.
§ANOVA.

MMSE performances and that MoCA is a suited screening
tool for patients with SVD. This is probably because of the
psychometrical structure of MoCA, in particular the pres-
ence of items reflecting executive functions and psychomo-
tor speed.
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Supplemental material

White matter microstructural damage in SVD is associated with MoCA but not with MMSE
performances: VMCI-Tuscany Study

Methodology and study protocol of the VMCI-Tuscany Study

The Vascular Mild Cognitive Impairment (VMCI) Tuscany Study is a multicenter, prospective,
observational study, carried out in the Tuscany region of Italy, and aimed at estimating the role of a
large set of clinical, cognitive, neuroimaging, and biological markers of SVD as independent
predictors of the transition from MCI to dementia. According to the study protocol, at baseline, each
enrolled patient undergoes an extensive clinical, functional and neuropsychological assessment, an
MRI examination, and the collection of blood samples.

MRI assessment

MRI protocol

Patients were examined on a 1.5 T system (Intera, Philips Medical System, Best, The Netherlands)
with 33 mT/m gradients capability and a head coil with SENSE technology. The examination
protocol was previously described and included a sagittal T1 sequence, an axial FLAIR sequence,
and an axial single-shot echo planar imaging sequence for DTI (diffusion sensitizing gradients
applied along 15 non-collinear directions using b value of 0 (b0 image) and 1000 s/mm?) [1].
Conventional MRI features

For the purpose of the present investigation the following features were evaluated: a) lacunar
infarcts visible on MRI were defined as hypointense lesions on T1 imaging with corresponding
hyperintense lesion on FLAIR images with a diameter <20 mm; lacunar infarcts were classified as
absent, 1-3, and >3; b) deep WMH on FLAIR graded according to the modified Fazekas scale [2].
A score of 2 (moderate) was attributed to beginning confluent lesions and a score of 3 (severe) to
large confluent lesions [2]; d) global cortical atrophy using the scale of Pasquier et al. that assesses
sulci opening of sulci and narrowing of gyri [3]. Scores 0-3 represent absent, mild, moderate, and
severe cortical atrophy, respectively; e) medial temporal lobe atrophy (MTA) assessed by means of
the Scheltens' scale [4]. This scale assesses coronal T1-weighted images acquired parallel to the
brainstem. Scores 0—4 indicate progressive medial temporal volume loss. The above MRI features
were visually evaluated in all patients by one experienced neurologist (AP).

Patients with incidental non-lacunar infarcts in the cerebral cortex, cerebellum, or brainstem were
excluded to avoid a possible confounding effect on DTI analysis and also to have a more
homogenous patients sample.

DTI and analysis of microstructural damage of cerebral WM

Diffusion-weighted images were corrected for head motion and eddy current distortions using FDT
(FMRIB’s Diffusion Toolbox 2.0), part of FSL 5.0.2 [5] after which brain tissue was segmented
using BET, also part of FSL [6]. The b-matrix was reoriented by applying the rotational part of the
affine transformation employed in the eddy-correction step [7]. A tensor model was fitted to the raw
data using a constrained nonlinear least squares procedure implemented in the software package
CAMINO, and residual non-positive definite tensors (in isolated regions where the nonlinear
algorithm failed to converge, mainly located at the edge of the brain) were removed by tensor
interpolation in the log-euclidean domain [8]. Mean diffusivity (MD) and fractional anisotropy (FA)
maps were then computed from the estimated tensor field.

The segmentation method employed to obtain cerebral WM masks was previously detailed [9].
Briefly, WM segmentation on T1-weighted images was carried out using FAST 4, part of FSL [10].
To reduce partial volume effects, a preliminary WM mask was obtained by retaining only those



voxels which had a tissue class probability equal to or above 0.75. In order to select identical
cerebral regions across subjects, a standard space (MNI152 average normal brain) WM mask was
mapped onto each subject's native space and multiplied by each subject's WM mask (Figure 1).
Resulting WM masks were successively mapped onto native diffusion space by applying intra-
subject affine transformations (12 degrees of freedom) between the T1 and b0 images [11] in order
to compute WM-wide MD and FA statistics for each subject. The inter-subject agreement of our
WM segmentation was assessed by using inverse transformations to map single subject WM masks
to standard space, averaging and calculating descriptive statistics of the resultant agreement image.
The inter-subject agreement was substantial (median 87%, mode: 97%, s.d. 19%).

While several metrics can be used to evaluate the MD and FA properties of brain tissue [12], in the
present study we employed median values of MD and FA to characterize the microstructural
properties of cerebral WM.

Statistical analysis

Descriptive analyses were used to briefly characterize the baseline sample in terms of demographic,
clinical and neuroimaging features. Bivariate statistical analyses (independent samples t test,
ANOVA, Pearson’s r) were used to exclude statistical significant differences between the group
composed by the excluded patients for DTI data unavailability and presence of non-lacunar infarcts
and the final sample (data not shown). The considered variables were age, education, gender,
MoCA, MMSE, lacunar infarcts, WMH, global cortical atrophy, MTA, and median value of MD
and FA of the cerebral WM.

Bivariate statistical analyses (independent samples t test, ANOVA, Pearson’s ) were used to
evaluate the association of demographic and neuroimaging variables, with MoCA and MMSE total
score. The considered variables were: demographic characteristics (age, education level, and
gender), conventional MRI features (lacunar infarcts, WM hyperintensities, global cortical atrophy,
MTA), DTI-derived features (median value of MD and FA of the cerebral WM), and MoCA and
MMSE total score.

To evaluate which test was more strongly associated with DTI-derived indices we performed a
model of partial correlation analysis adjusting for demographic variables (age, education level, and
gender) and conventional MRI features (lacunar infarcts, WMH, global cortical atrophy, MTA).

In order to evaluate if psychometrical structure of MoCA influenced the possible association with
DTI parameters, correlation analysis (Spearman’s Rho and biserial point 7;,) were performed for
each single subtest (visuoexecutive, naming, digit span, attention, calculation, language, verbal
fluency, abstraction, recall, and orientation). All data analyses were performed using SPSS 20.

Definition of the final sample included in this study

From December 2011 to March 2013, 104 patients were enrolled in the VMCI-Tuscany Study in the
Florence center, where the MRI protocol included also DTI evaluation. For the purposes of the
present study, 7 patients were excluded because DTI imaging was not available for technical
reasons, 21 patients were excluded for the presence of non-lacunar infarcts in the cerebral cortex,
cerebellum or brainstem. No statistically significant differences between excluded and final sample
patients were found in terms of age, education, gender, MoCA, MMSE, and MRI features.
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Supplemental table 1.

Association between each MoCA subtest and DTI parameters

MoCA subtest

Median MD
cerebral WM

Median FA
cerebral WM

Visuoexecutive

Naming

Digit Span

Attention

Calculation

Language

Verbal fluency

Abstraction

Recall

Orientation

-0.372", p=0.001
-0.148", p=0.206
-0.255", p=0.028
-0.259%, p=0.026
-0.077", p=0.514
-0.1417, p=0.232
-0.095%, p=0.421
-0.239", p=0.040
-0.2417, p=0.039

-0.138", p=0.238

0.279", p=0.015
0.026", p=0.825
0.185", p=0.114
0.147%, p=0.212
0.061", p=0.608
0.156", p=0.185
0.030%, p=0.797
0.139", p=0.237
0.057", p=0.628

0.001", p=0.997

MD: mean diffusivity
FA: fractional anisotropy

*
Spearman rho

Y biserial point 75,



Appendix. List of participating centers and personnel in the VMCI-Tuscany.

University of Florence: (Coordinating Center): Domenico Inzitari (Study coordinator), Rosanna
Abbate, Maria Boddi, Francesca Cesari, Laura Ciolli, Mirella Coppo, Alessandra Del Bene, Stefano
Diciotti, Andrea Ginestroni, Betti Giusti, Anna Maria Gori, Sandro Marini, Mario Mascalchi,
Serena Nannucci, Leonardo Pantoni, Marco Pasi, Francesca Pescini, Anna Poggesi, Giovanni
Pracucci, Emilia Salvadori, Raffaella Valenti.

University of Pisa: Ubaldo Bonuccelli, Paolo Cecchi, Alberto Chiti, Mirco Cosottini, Giovanni
Orlandi, Cristina Pagni, Gabriele Siciliano, Gloria Tognoni.

University of Siena: Antonio Federico, Nicola De Stefano, Ilaria Di Donato, Maria Teresa Dotti,
Patrizia Formichi, Claudia Gambetti, Antonio Giorgio, Francesca Rossi, Laura Stromillo, Enza
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