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Diffusion Kurtosis Imaging: A Possible MRI
Biomarker for AD Diagnosis?
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Abstract. The purpose of this explorative study was to investigate whether diffusion tensor imaging (DTI) and diffusion
kurtosis imaging (DKI) parameter changes are reliable measures of white matter integrity changes in Alzheimer’s disease (AD)
patients using a whole brain voxel-based analysis (VBA). Therefore, age- and gender-matched patients with mild cognitive
impairment (MCI) due to AD (n = 18), dementia due to AD (n = 19), and age-matched cognitively healthy controls (n = 14) were
prospectively included. The magnetic resonance imaging protocol included routine structural brain imaging and DKI. Datasets
were transformed to a population-specific atlas space. Groups were compared using VBA. Differences in diffusion and mean
kurtosis measures between MCI and AD patients and controls were shown, and were mainly found in the splenium of the corpus
callosum and the corona radiata. Hence, DTI and DKI parameter changes are suggestive of white matter changes in AD.

Keywords: Alzheimer’s disease, biomarker, diffusion kurtosis imaging, diffusion tensor imaging, early diagnosis, magnetic
resonance imaging, mild cognitive impairment

INTRODUCTION

Structural and functional disruptions in the relation-
ship between anatomically distinct brain regions occur
in patients with dementia, supporting the notion of a

∗Correspondence to: Prof. Dr. Sebastiaan Engelborghs, Refer-
ence Center for Biological Markers of Dementia (BIODEM),
Institute Born-Bunge, University of Antwerp, Universiteitsplein 1,
BE-2610 Antwerp, Belgium. Tel.: +32 3 265 23 94; Fax: +32 3 265
26 18; E-mail: Sebastiaan.Engelborghs@uantwerpen.be.

disconnection syndrome [1, 2]. Brain connectivity can
be studied by means of advanced diffusion magnetic
resonance imaging (MRI) techniques, and could serve
as a potential biomarker for early Alzheimer’s disease
(AD) diagnosis.

Recent advancements in MRI provide an insight into
themajorwhitematter (WM)bundles in thebrain,using
diffusion tensor imaging (DTI). DTI, which is sensitive
to the Brownian motion of water, enables the measure-
ment of restricted and/or hindered movement of water
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molecules as they diffuse in the brain. Due to the highly
organized nature of the WM, the main diffusion ori-
entation will generally coincide with the orientation of
the axons in this tissue. Therefore, DTI can character-
ize the orientation and integrity of WM fibers [3, 4].
Increased mean diffusivity (MD) and decreased frac-
tionalanisotropy(FA)havebeenfoundinmildcognitive
impairment (MCI) and AD dementia as compared to
controls [5]. The differences between MCI and controls
are similar to those found between AD and controls,
although fewer regions reached statistical significance
[5]. In addition, a correlation between cognitive decline
and reduced FA and increased MD has been demon-
strated in AD [6].

DTI has limitations with respect to quantitative anal-
ysis as well as to qualitative fiber tractography [7, 8].
Despite the high sensitivity of DTI to detect WM dam-
age, its specificity to discriminate between different
micro-structural WM changes and between different
brain disorders remains relatively low [9]. Therefore,
diffusion kurtosis imaging (DKI) was introduced [10].
Basedontheestimationofnon-Gaussiandiffusion,DKI
parameters can be calculated. In addition, by estimating
Gaussian and non-Gaussian diffusion, more accurate
DTI parameters can be obtained [11]. A growing list of
publications reported theabilityofDKI toprovideaddi-
tionalsensitiveparameters,suchasmeankurtosis(MK),
radial kurtosis, axial kurtosis, and fractional kurtosis
anisotropy, to detect developmental and pathological
changes in neural tissues, as compared to conventional
DTI [12–14]. There is evidence that the kurtosis param-
eters are good probes for the presence of membranes
and other barriers and that they are sensitive for detect-
ing changes in permeability [10, 15]. Therefore, DKI
mayrevealnewinsightsinthephysiologyofcellsduring
pathological states and may be useful for investigating
abnormalitiesintissueswithisotropicstructureinwhich
techniques such as DTI are less useful [16].

Arecentstudy,usingmanualregion-of-interest(ROI)
analysis, has shown decreased radial kurtosis and MK
in the WM of the parietal lobe in AD as compared to
MCI [17]. Another study, also using manual ROI analy-
sis,founddecreasedMK,radialandaxialkurtosisvalues
in specific brain regions in AD as compared to controls.
Comparing MCI and controls, fewer regions reached
statistical significance [18].

As DKI provides an insight into structural connectiv-
ity changes, this potential and non-invasive biomarker
reflects a different pathophysiological aspect of AD
as compared to the existing cerebrospinal fluid (CSF)
biochemical markers that reflect the neuropathological
stateofADandmightnotonlyimprovediagnosticaccu-

racy for early AD but could also have a predictive value
with regard to disease progression. This explorative
study aimed at evaluating whether DTI and DKI param-
eter changes are measures of WM integrity changes in
AD patients using a whole brain voxel-based analysis
(VBA).

MATERIALS AND METHODS

Study population

Patients with MCI due to AD (n = 18) and demen-
tia due to AD (n = 19) were prospectively recruited.
In addition, cognitively healthy controls (n = 14) were
prospectively included. All groups were age- and
gender-matched. Patients with MCI due to AD and
dementia due to AD were diagnosed according to the
NIA-AA research criteria, with at least intermediate
probability of AD etiology (based on DNA analysis,
CSF biomarkers, and/or hippocampal atrophy (HCA)
on MRI) [19, 20]. MCI due to AD and dementia due
to AD will hereafter be referred to as ‘MCI’ and
‘AD’, respectively. The study was approved by the
local ethics committee, and all subjects gave written
informed consent.

Visual rating of HCA, analysis of CSF biomark-
ers (in consented MCI and AD patients who had no
contra-indication for lumbar puncture), and DNA anal-
ysis contributed to the characterization of the study
population as all MCI and AD patients had at least
one positive AD biomarker, and thus fulfilled the NIA-
AA research criteria for MCI due to AD and dementia
due to AD. In addition, for population description pur-
poses the SNPs in apolipoprotein E (APOE) (rs429358
and rs7412, determining the �2/�3/�4 polymorphism)
were genotyped by Sanger sequencing starting from
genomic DNA isolated from lympohocytes.

Mini-Mental State Examination (MMSE) scores
were only considered when the time lapse between
MMSE and MRI scan was equal to or less than three
months (AD n = 13; MCI n = 10). All control subjects
underwent a Montreal Cognitive Assessment (MoCA)
test to rule out cognitive decline and met the following
criteria: (1) no neurological or psychiatric history and
(2) no organic disease involving the central nervous
system. HVA was also visually rated in the control
population.

Image acquisition

All MRI data were acquired with a 3T MRI scanner
with a 32-channel head coil (Siemens Trio, Erlangen,
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Germany). Imaging acquisition was performed in all
patients and controls. A multi-slice, single-shot EPI,
spin echo sequence (TR/TE = 7700/139 ms) was used
to obtain 40 axial slices without slice gap and 2.2 mm
nominal isotropic resolution (FOV = 220 × 220 mm).
Diffusion weighting was applied according to an
optimized diffusion gradient encoding scheme that
consisted of 25, 40, and 75 diffusion weighted gra-
dients, isotropically distributed over three shells with
b = 700, 1000, 2800 s/mm² respectively. In addition,
10 non-diffusion weighted images (b0 ) were acquired.
The acquisition time was 16 min.

Image processing

Motion correction was performed by aligning all
diffusion-weighted images with an affine transforma-
tion to the non-diffusion-weighted image. Thereafter, a
b-matrix rotation was performed, to ensure that the ori-
entation information of the diffusion tensors is correct
in each voxel [21].

The diffusion and kurtosis tensors were then calcu-
lated using the DKI model [11] in every voxel using a
weighted linear least squares method with well-chosen
weights to obtain a bias free estimation [11, 22, 23].
Subsequently, the FA, MD, and MK quantitative maps
were calculated. The following steps were included in
the processing pipeline to construct an atlas and align
all subject data in the same atlas space:

1. All DTI data sets were transformed to the FA
map of a randomly selected subject with an affine
transformation using Multimodality Image Reg-
istration using Information Theory based on the
FA maps [24].

2. A population specific DTI atlas was constructed
from these affinely aligned data sets [25, 26].
This atlas was made from the 51 data sets, and
thus represents an average brain of the AD, MCI,
and healthy subjects. As the tensor information is
present in the atlas, it can be used to drive the non-
affine registration of the following step, resulting
in a highly accurate image registration result.

3. The affinely coregistered data sets were trans-
formed to the population-specific atlas using a
viscous fluid based non-rigid coregistration algo-
rithm that was adopted to include all tensor
information during the iterative alignment pro-
cedure [27, 28]. The preservation of principal
directiontensorreorientationstrategywasthereby
incorporated [29].

4. Both the affine and non-affine deformation fields
were thenapplied toalloriginalquantitativemaps,
in order to align them in the same population-
specific atlas space.

5. All aligned images were smoothed by an adaptive,
anisotropic smoothing kernel (FWHM = 6 mm)
[30]. This spatially dependent, anisotropic kernel
was estimated from the FA maps and subse-
quently applied to the FA and MD images.

Hippocampal atrophy rating

HCA of all participants was visually rated according
to the Scheltens methodology [31] on coronal recon-
structions of the DICOM MPR images perpendicular
to the temporal lobes by using the Osirix program on
a 23-inch monitor. First, two researchers experienced
with HCA rating (MDB and FDB) rated all images sep-
arately, blinded for diagnosis, before rating together to
reach a consensus on divergent rates. The consensus
rates were used in this study.

CSF sampling and CSF biomarker analysis

Lumbar puncture and CSF sampling and handling
have been performed according to a standard proto-
col [32, 33]. CSF samples were stored at –80◦C until
analysis. CSF biomarker analyses of amyloid-� of 42
amino acids (A�1-42), total tau protein (T-tau), and tau
phosphorylated at threonine 181 (P-tau181P) were per-
formed using commercially available single parameter
ELISA kits (INNOTEST®, Fujirebio Europe, Ghent,
Belgium) as described previously [32, 33]. A CSF
biomarker profile was considered pathological and sug-
gestive for AD if a subject displayed a low CSF A�1-42
value in combination with an increased T-tau and/or
increased P-tau181P value [34]. In our lab, normal val-
ues are: A�1-42 > 638.5 pg/mL, T-tau < 296.5 pg/mL,
and P-tau181P < 56.5 pg/mL. These cutpoints have been
determined in autopsy-confirmed AD patients as com-
pared to cognitively healthy elderly [35].

Statistical analysis

Voxel-wise independent sample t-tests were per-
formed using SPM8 software (http://www.fil.ion.
ucl.ac.uk/spm/software/spm8/) to evaluate FA, MK,
and MD differences between the groups. For the latter,
uncorrected p < 0.001 results for at least 20 consecutive
voxels are thereby reported. By ‘consecutive’ we mean
that only clusters with a size larger than the threshold
(all connected voxels) were included. In order to reduce

http://www.fil.ion.ucl.ac.uk/spm/software/spm8/
http://www.fil.ion.ucl.ac.uk/spm/software/spm8/
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the number of statistical tests, statistical analysis was
only performed within a WM mask that was created by
selecting voxels with an FA >0.2 in the created atlas
FA image, to limit the analysis to relevant WM. For
the following tests SPSS Statistics 20 (IBM, Armonk,
NY, USA) was used. Independent sample t-tests were
used to compare age between all the groups and MMSE
scores between AD and MCI. A Chi-Square test was
performed to compare gender distribution across the
groups. In order to compare HCA and the presence of
APOE �4 alleles between the groups Mann-Whitney
U-tests were used, as both variables were not normally
distributed.

RESULTS

Study population

The demographic, clinical and biomarker character-
istics are presented in Table 1.

Biomarker data: Results from DNA analysis, HCA
ratings, and CSF biomarkers (Table 1)

Lumbar puncture was performed in 15 MCI patients
and in 11 AD patients. The levels of A�1-42, T-tau, and
P-tau181P did not differ significantly between these two
groups (A�1-42: p = 0.509; T-tau: p = 0.194; P-tau181P:
p = 0.060).

HCA was rated in all subjects and did not differ sig-
nificantly between the MCI and AD groups (AD versus
MCI: p = 0.602). However, the difference was signifi-

cant between the AD and cognitively healthy control
groups as well as between the MCI and control groups
(AD versus controls: p = 0.002; MCI versus controls:
p = 0.003).

All patients had biomarker evidence for AD, either
based on AD CSF biomarkers and/or on HCA through
visual rating of hippocampal volume. One subject
did not display HCA but this subject’s AD CSF
biomarker profile was suggestive for AD (low CSF
A�1-42 value in combination with an increased T-tau
and/or increased P-tau181P value). All other subjects
displayed hippocampal atrophy, including 11 subjects
in whom CSF biomarkers were not available and 12
subjects in whom the CSF biomarkers did not com-
pletely fulfill the criteria. Of these latter 12 subjects,
two had a completely normal CSF biomarker profile
whereas some had normal A�1-42 values (n = 7) or
normal tau values (n = 3).

One of the MCI patients carried an APP Val717Gly
mutation. This patient presented with hippocampal
atrophy and a CSF biomarker profile that was char-
acteristic for AD (A�1-42 = 334 pg/mL; T-tau = 680
pg/mL; P-tau181P = 82 pg/mL).

Correlation analyses between the DKI parameters
and HCA and MMSE scores showed no significant
results.

AD versus controls

In the following three sections, statistical results are
displayed on different axial slices (Figs. 1–3).

Table 1
Demographic, clinical and biomarker data of the population

MCI AD CO

N 18 19 14
F / M 8 / 10 13 / 6 6 / 8
Age 74.9 (±8.7) 72.8 (±8.9) 69.7 (±7.5)
Age range 49 – 88 50 – 88 59 – 83
MMSE (/30) 28 (±1)∗∗∗ n = 10 21 (±4)∗∗∗ n = 13 /
MoCA (/30) / / 27 (±1)
% APOE �4 carriers 60 n = 10 69 n = 13 /
CSF A�1-42 (pg/mL) 560 (±152) n = 15 600 (±143) n = 11 /
CSF T-tau (pg/mL) 463 (±256) n = 15 605 (±284) n = 11 /
CSF P-tau181P (pg/mL) 61.6 (±28.0) n = 15 88.7 (±42.0) n = 11 /
HCA (n) 0 1 6
HCA 1 (n) 7 5 5
HCA 2 (n) 5 4 2
HCA 3 (n) 4 7 1
HCA 4 (n) 2 2 0

Data are presented as mean (± standard deviation), except for the age range (years), HCA scores (n), and APOE �4 carriers (%). MMSE scores
were only considered when the time lap between MMSE and the MRI scan was equal to or less than three months. An independent sample
t-test was performed to compare the age, MMSE scores and CSF biomarker levels of the groups. Mann-Whitney U-tests were used to compare
HCA and % APOE �4 carriers between the groups. AD, Alzheimer’s disease; MCI, mild cognitive impairment; CO, control; n, number; MoCA,
Montreal Cognitive Assessment; APOE, apolipoprotein E; CSF, cerebrospinal fluid; HCA, hippocampal atrophy. ∗∗∗p < 0.001.
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Fig. 1. Differences between Alzheimer’s disease (AD) and control (CO) subjects. Transversal fractional anisotropy maps, based on the population
atlas, showing the regions with significantly different regions in orange (uncorrected p < 0.001 results for at least 20 consecutive voxels). A)
Regions with decreased fractional anisotropy in the AD subjects versus the CO subjects. B) Regions with increased mean diffusivity in the AD
subjects versus the CO subjects. C) Regions with decreased mean kurtosis in the AD subjects versus the CO subjects.

Figure 1A displays the regions with decreased FA
in AD patients as compared with controls, showing
differences in the cerebellar peduncles, inferior longi-
tudinal fasciculus, cingulum, and body and splenium
of the corpus callosum.

Following regions showed significantly increased
MD in AD in contrast with controls: cerebellar pedun-
cles, inferior longitudinal fasciculus, superior longi-

tudinal fasciculus, cingulum, forceps major, corona
radiate and genu, body and splenium of the corpus cal-
losum (Fig. 1B).

Many regions showed significantly decreased MK
comparing AD and controls (Fig. 1C): cerebellar
peduncles, inferior longitudinal fasciculus, uncinate
fasciculus, corticospinal tract, corona radiate and genu,
body and splenium of the corpus callosum.
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Fig. 2. Differences between mild cognitive impairment (MCI) and control (CO) subjects. Transversal fractional anisotropy maps, based on the
population atlas, showing the regions with significantly different regions in orange (uncorrected p < 0.001 results for at least 20 consecutive
voxels). A) Regions with decreased fractional anisotropy in MCI subjects versus CO subjects. B) Regions with increased mean diffusivity in
the MCI group versus the CO group. C) Regions with decreased mean kurtosis in MCI patients versus CO subjects.

MCI versus controls

FA was decreased and MD increased in MCI as
compared with controls in the splenium of the corpus
callosum, as shown in Figs. 2A and 2B.

Decreased MK in MCI in contrast with controls was
shown in the splenium of the corpus callosum and the
corona radiate (Fig. 2C).

AD versus MCI

No regions showed differences in FA and MK
comparing AD and MCI, as shown in Figs. 3A and
3C.

Significantly higher MD in AD as compared
with MCI were found in the uncinate fasciculus
(Fig. 3B).
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A B

C

Fig. 3. Differences between Alzheimer’s disease (AD) and mild cognitive impairment (MCI) subjects. Transversal fractional anisotropy maps,
based on the population atlas, showing the regions with significantly different regions in orange (uncorrected p < 0.001 results for at least 20
consecutive voxels). A) No differences were found in fractional anisotropy in the AD group versus the MCI group. B) Regions with increased
mean diffusivity in the AD group versus the MCI group. C) No differences were found in mean kurtosis in the AD groups versus the MCI group.

FWE correction

Table 2 and Fig. 4 show the brain regions containing
clusters that reached statistical significance (p < 0.05)
after FWE correction for multiple comparisons. Only
in the AD versus controls comparison some clusters
survived the statistical threshold.

DISCUSSION

In this explorative study, diffusion tensor and kur-
tosis measures were compared between MCI and AD
patients and controls. The study’s novelty is the fact
that DKI, an innovative MRI technique, is used as well
as that the group-wise comparisons are performed with
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A B

Fig. 4. Voxels reaching statistical significance (p < 0.05) after FWE correction on whole-brain level for multiple comparison in Alzheimer’s
disease versus control subjects at a cluster threshold of 20. No differences were found in fractional anisotropy. A) Regions with increased mean
diffusivity. B) Regions with decreased mean kurtosis.

Table 2
Brain regions with one or more clusters reaching statistical signifi-
cance (p < 0.05) after FWE correction on cluster level for multiple

comparison in AD versus CO

Brain region Cluster level FWE corrected p value

FA
Cerebellar peduncles <0.001
Cerebellar peduncles 0.009
Inferior longitudinal fasciculus 0.016
Cingulum 0.021
Splenium corpus callosum 0.012
MD
Splenium corpus callosum <0.001
Inferior longitudinal fasciculus 0.044
MK
Splenium corpus callosum <0.001
Cerebellar peduncles <0.001

FA, fractional anisotropy; MD, mean diffusivity; MK, mean kurtosis.

VBA. Moreover, the patient population was thoroughly
characterized and all MCI and AD diagnoses were
biomarker based according to the NIA-AA research
criteria for AD. Twelve patients represented with
conflicting AD biomarkers. However, the CSF con-
centration of A�1-40 was not analyzed in this study,
which would probably increase the number of patients
with characteristic AD biomarker profiles [36–39].

Using VBA, one of the major assets of the study, DTI
and DKI parameters were analyzed at the voxel level in
the whole brain. This allows for an explorative analysis,

as no hypothesis should be made regarding the spatial
location of the expected differences. In addition, since
no regions have to be outlined manually, this analysis
approach is observer-independent. Additionally, ROI
analysis is labor-intensive and time-consuming, as 3D
structures need to be delineated by 2D ROIs on differ-
ent slices. Finally, a clear hypothesis on the location
of expected diffusion differences is needed in the ROI
analysis approach [40].

The reliability of VBA results depends on the accu-
racy of the image registration, which is especially
challenging in patients with AD because performing
a voxel-based diffusion MRI analysis on elderly sub-
jects, and more specifically on AD patients, is very
challenging, due to the presence of brain atrophy.
Therefore, instead of performing image registration to
a standard template, such as the MNI atlas, all data sets
were aligned to a population-specific atlas constructed
from the data in this study. Transforming data sets from
elderly and especially AD patients to a standard healthy
brain such as MNI introduces registration errors that
will affect the results (even when higher order viscous
fluid model based registrations were used). In this con-
text, the atlas itself is only used as a ‘reference frame’
to which all data sets are registered. If it can be assumed
that the registration itself of all the data to this atlas suc-
ceeds (which is an essential assumption in VBA, hence
MNI was not used), similar results will be obtained,
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regardless the atlas used. In addition, to increase image
registration accuracy, a high dimensional image reg-
istration algorithm based on the tensor information
was used to align all data sets. However, partial vol-
ume effects between WM and gray matter cannot be
completely excluded. After visual assessment of the
image registration it was found that registration errors
did not contribute to the observed findings.

The main differences in MK were found between
AD and controls. Many brain regions showed signifi-
cantly decreased MK in AD as compared to controls.
Interestingly, only the splenium of the corpus callo-
sum and the corona radiate were significantly different
between MCI patients and controls. A recent study
found extensive demyelination in the splenium and
posterior corona radiate, measured by magnetization
transfer imaging, in amnestic MCI patients. Moreover,
the demyelination in the splenium and posterior corona
radiate as well as in the superior longitudinal fascicu-
lus was associated with episodic memory performance
[41].

With regard to the splenium of the corpus callosum
specifically, our results are in line with earlier findings
of atrophy of the splenium in AD, MCI, and sub-
jective cognitive impairment [42–44]. The splenium
size at baseline correlates with MMSE change after
1-year follow-up in AD patients [43]. Furthermore,
it was shown that annual tissue loss in the splenium
is associated with progression to dementia. Subjects
who progressed to dementia had more severe tissue
loss in the splenium than subjects without progression
at 3-year follow-up. This study, moreover, showed that
more severe atrophy in the splenium was correlated
with a lower MMSE score at 3-year follow-up [45]. A
recent DTI review [46] suggested that high-risk for AD
among cognitively healthy individuals was associated
with WM integrity decline in tracts connecting GM
structures associated with memory function, including
the splenium of the corpus callosum.

With regard to the corona radiate, decreased FA in
the corona radiate correlates to cognitive decline in
multiple sclerosis [47], probably due to the corona
radiate containing fibers linking the capsula interna to
cortical areas.

Consistent with our results, earlier studies com-
paring MCI, AD, and controls also found decreased
values of MK in MCI and AD [17, 18]. MK and
radial kurtosis in the anterior corona radiate discrimi-
nated best between MCI and controls [18], which is in
line with our results. Significantly decreased kurtosis
parameters in the parietal and occipital lobes in AD as
compared to MCI have been reported [17]. In contrast,

our study did not find kurtosis differences between AD
and MCI. This difference might be due to the different
diagnostic criteria used. While this study used the NIA-
AA biomarker-based research criteria [19, 20] for MCI
and AD, Gong et al. [17] used clinical criteria for MCI.
This heterogeneous MCI population will be more het-
erogeneous than the AD population. Moreover, both
DKI studies [17, 18] conducted manual ROI analysis,
whereas VBA was used in this study.

Regarding the DTI parameters, the differences in
FA and MD were most pronounced between AD and
controls. When comparing MCI to controls, only the
splenium showed significantly decreased FA, while
decreased FA was found in AD patients in many
regions when compared to controls. Even more regions
showed increased MD in AD patients compared to
controls, while only the splenium was significantly
different between MCI patients and controls. These
results are partly consistent with earlier DTI studies
reporting increased MD and decreased FA in MCI/AD
as compared to controls [48–57].

Our results suggest that MD and MK are more sen-
sitive compared to FA to detect differences between
both MCI/AD and controls. This is in line with a meta-
analysis [5] and a recent study comparing regional DTI
measures in AD, MCI, and controls showing that FA
was least sensitive to detect group differences [58].
In our study, MK seemed most sensitive to discrimi-
nate controls from MCI while MD was most sensitive
to detect changes between MCI and AD. Additional
studies including larger cohorts of subjects are needed
to confirm these results. In addition, as DTI and DKI
measures only provide an indirect characterization of
microstructure, it would be interesting to apply bio-
physical models of the diffusion MRI signal to detect
subtle microstructural changes of biological tissue
more precisely. One such model is the WM model
which relates DKI-derived metrics to WM microstruc-
ture [59]. This model has been applied to AD, amnestic
MCI, and controls [60, 61] showing that WM tract
integrity metrics are potential biomarkers for early AD
and for disease progression.

This study has several limitations. First, only sta-
tistical results that were uncorrected for multiple
comparisons were reported, as only very few voxels
remained significantly different following correction
for multiple comparisons. This can be explained by
the relatively small population included and studies
on larger groups are necessary to confirm these first
findings. An additional limitation is inherent to VBA,
such as the need for a perfect registration. However,
by using a population-specific atlas of the subjects
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studied and a high dimensional registration algorithm
based on tensor elements, we tried to ensure optimal
image alignment. Finally, the number of patients is too
limited to draw firm conclusions with regard to the use
of DKI as a biomarker for MCI and AD. More and
larger, prospective longitudinal studies are needed to
further define the use of this potential biomarker and
to investigate its benefit over other biomarkers.

CONCLUSIONS

Based on this explorative study, the results suggest
that: 1) MD and MK are more sensitive than FA to
discriminate MCI and AD from controls; 2) MK is
most sensitive to discriminate MCI from controls; and
3) MD is most sensitive to discriminate MCI from AD.

We hypothesize that in WM structures and brain
regions that are relevant for cognitive functioning, i.e.,
the splenium of the corpus callosum and the corona
radiate, MK is most sensitive for detection of initial
degeneration from the preclinical to MCI phase, and
that further degeneration from MCI to AD is picked up
by MD changes.

In conclusion, DTI and DKI parameter changes
are suggestive of WM changes in AD. Independent
and larger prospective studies are needed to eval-
uate whether these changes, and more specifically
decreased kurtosis values in the splenium of the corpus
callosum and the corona radiate could serve as a non-
invasive MRI-based biomarker for early AD diagnosis.
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