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Abstract.
Background: Early pathological changes in white matter microstructure can be studied using the diffusion tensor imaging
(DTI). It is not only important to study these subtle pathological changes leading to cognitive decline, but also to ascertain
how an intervention would impact the white matter microstructure and cognition in persons at-risk of dementia.
Objectives: To study the impact of a multidomain lifestyle intervention on white matter and cognitive changes during the 2-
year Finnish Geriatric Intervention Study to prevent Cognitive Impairment and Disability (FINGER), a randomized controlled
trial in at-risk older individuals (age 60–77 years) from the general population.
Methods: This exploratory study consisted of a subsample of 60 FINGER participants. Participants were randomized to either
a multidomain intervention (diet, exercise, cognitive training, and vascular risk management, n = 34) or control group (general
health advice, n = 26). All underwent baseline and 2-year brain DTI. Changes in fractional anisotropy (FA), diffusivity along
domain (F1) and non-domain (F2) diffusion orientations, mean diffusivity (MD), axial diffusivity (AxD), radial diffusivity
(RD), and their correlations with cognitive changes during the 2-year multidomain intervention were analyzed.
Results: FA decreased, and cognition improved more in the intervention group compared to the control group (p < 0.05),
with no significant intergroup differences for changes in F1, F2, MD, AxD, or RD. The cognitive changes were significantly
positively related to FA change, and negatively related to RD change in the control group, but not in the intervention group.
Conclusion: The 2-year multidomain FINGER intervention may modulate white matter microstructural alterations.
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INTRODUCTION

Dementia poses a major public health challenge
[1]. While there is urgent need to develop dis-
ease modification strategies, prevention of cognitive
decline, especially early in the disease continuum,
has gained increasing attention [2]. An example of
this is the Finnish Geriatric Intervention Study to pre-
vent Cognitive Impairment and Disability (FINGER)
[3], the first large-scale, longer-term randomized con-
trolled trial which tested a multi-domain lifestyle
intervention in at-risk elderly from the general pop-
ulation. FINGER has reported beneficial effects on
cognition (primary outcome) and other secondary
outcomes. To study intervention effects in detail,
diffusion tensor imaging (DTI) was one of the
exploratory outcomes of the FINGER trial in a sub-set
of participants [4].

DTI, a noninvasive magnetic resonance (MR)
technique, is used for studying the orientation and
integrity of white matter (WM) [5]. It has been widely
used in Alzheimer’s disease (AD) and mild cog-
nitive impairment (MCI) studies [6] owing to its
ability to detect subtle WM changes which occur
before gray matter atrophy on the disease spectrum
[7]. Commonly used DTI measures are fractional
anisotropy (FA) and mean diffusivity (MD). FA is
a measure of fiber tract integrity whereas MD rep-
resents an overall measure of cellular integrity [8].
Lower FA and higher MD values have been reported
in advanced disease stages [9]. Also, in other diseases,
axonal loss, demyelination, small vessel alterations,
and degradation of microtubules have been associated
with decreases in FA [10], while cellular swelling has
been associated with FA increases [11]. Although FA
is highly sensitive to microstructural changes, it is not
specific to the type of changes. For interpretation of
FA changes, axial diffusivity (AxD) and radial dif-
fusivity (RD) often need to be checked. AxD and
RD represent the water diffusivity parallel and per-
pendicular to axonal fibers, respectively. Studies [12,
13] suggest that AxD may be a more specific marker
of axonal damage, and RD is highly associated with
changes in the myelin integrity and axonal diameters
or density [8].

The early AD pathological changes in WM include
axonal edema, hypertrophied astrocytes surround-
ing axons, and demyelination [7, 14, 15], and DTI
can detect these WM changes [16]. Considering that
WM integrity is important for cognition [17–19],
the present study aims to investigate differences in
DTI measures between the FINGER intervention and

control groups, and relations between changes in DTI
measures and cognition.

Given FA decrease is commonly seen in aging
and dementia-related neurodegeneration, we hypoth-
esized that the FINGER intervention may slow down
or reverse the FA decrease in the intervention group
compared with the control group, and this may be
related to the observed cognitive benefits. In order
to interpret the potential difference in FA change
between the control and intervention groups, the MD,
AxD, and RD changes were also analyzed. Because
the tensor-derived scalar measurements (FA, MD,
AxD, and RD) are not only influenced by axonal
integrity, but also by the change of crossing fibers,
the crossing fiber model was used as well to ana-
lyze the changes in diffusivity along domain (F1) and
non-domain (F2) diffusion orientation [20].

MATERIALS AND METHODS

The FINGER study was approved by the Coor-
dinating Ethics Committee of the Hospital District
of Helsinki and Uusimaa. Participants gave written
informed consents at screening and baseline visits,
and separate consent for imaging. This trial was reg-
istered with ClinicalTrials.gov NCT01041989.

Study population

Brain MRI was included in the FINGER proto-
col among exploratory outcomes in a sub-sample of
participants at selected study sites [4]. Formation of
the DTI study population for the present study is
shown in Fig. 1. Sixty participants were included:
26 control and 34 intervention, with DTI scans at
both baseline and 2-year visit. There was no signifi-
cant difference in the time interval from baseline to
follow-up scans between the control and intervention
groups (2.01 ± 0.03 years versus 1.97 ± 0.17 years,
p = 0.315).

The FINGER trial protocol [4], baseline popula-
tion characteristics [21], and primary trial results [3]
for all 1,260 FINGER participants have been previ-
ously reported. For inclusion, participants had to be
60 to 77 years old, with the CAIDE (Cardiovascu-
lar Risk Factors, Aging, and Incidence of Dementia)
Risk Score ≥6 points, and cognitive performance at
the mean level or slightly lower than expected for age
according to Finnish population norms for Consor-
tium to Establish a Registry for Alzheimer’s Disease
(CERAD) neuropsychological battery [22]. Indi-
viduals with substantial cognitive impairment and
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Fig. 1. CONSORT Diagram for exploratory DTI analyses in the FINGER trial.

dementia were excluded. Participants were random-
ized into the intensive multidomain intervention (diet,
cognitive training, physical exercise, monitoring of
vascular and metabolic factors) [4] or regular health
advice group (control group) in a 1:1 ratio (computer-
generated allocation in blocks of four). Outcome
assessors were blinded to allocation, and group allo-
cation was not actively disclosed to participants.

MRI acquisition

Imaging protocol included three-dimensional
T1WI, FLAIR, and DTI. All participants in the
present study underwent DTI at baseline and 2-year
follow-up with either 1.5 T (n = 56 Avanto, Siemens,
Erlangen, Germany) or 3.0 tesla MR scanner (n = 4,
Ingenuity TF PET/MR, Philips Medical Systems,
Netherlands). For 1.5 tesla MRI, imaging param-
eters were as follows: Imaging matrix 128*128,
voxel: 2 × 2 × 2 mm3, TE 101 ms, TR 12500 ms,
average 2, b values 0 and 1000 s/mm2, 20 diffu-
sion directions, and 81 slices covering whole brain.
For 3.0 T MRI, imaging matrix 128 × 128, voxel:

1.75 × 1.75 × 2 mm3 TE 70 ms, TR 7796 ms, average
1, b values 0 and 800 s/mm2, 32 diffusion directions,
and 72 slices covering whole brain.

Imaging analysis

WM hyperintensities were visually rated on
FLAIR images according to the Fazekas scale
[23] by an experienced neuroradiologist (YL).
Baseline and follow-up DTI data were first pro-
cessed with the standard procedure of Tract-Based
Spatial Statistics analysis (TBSS) [24, 25] pro-
vided in FSL software package (version 5.09,
https://fsl.fmrib.ox.ac.uk/fsl/). After the eddy-current
correction, the maps of FA, MD, AxD, and RD were
calculated with the DTIFIT program for whole brain
volumes. The baseline and follow-up FA data for all
subjects was aligned to the 1 × 1 × 1 mm FMRIB58
FA standard space with nonlinear registration. A
mean FA skeleton representing the centers of all
tracts was created by averaging the FA images and
thresholding at FA > 0.2. The aligned baseline and
follow-up FA volumes of each subject were then

https://fsl.fmrib.ox.ac.uk/fsl/
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projected onto the common FA skeleton, and a 4D
spatially normalized skeletonized FA was created.
Each 4D DTI derived volume was then split into mul-
tiple 3D volumes with fslsplit, and subtractions were
performed (baseline volumes – follow-up volumes)
for each subject with fslmaths, then a new 4D vol-
ume with all the FA differences between baseline
and follow-up was assembled. The DTI derived MD,
AxD, and RD were also respectively projected onto
the mean skeleton by using nonlinear registration and
projection vectors from the FA images. New 4D vol-
umes of differences in MD, AxD, and RD between
baseline and follow-up were created similarly to 4D
volume with FA differences. Crossing fiber analyses
were performed using the FSL [20]. Two diffusion
estimates were conducted for each fiber orientation
(domain F1and non-domain F2) per voxel. 4D vol-
umes of differences in F1 and F2 were then created
using the same method as creating 4D volumes of
differences in MD, AxD, and RD. Each new 4D vol-
ume was fed into voxel wise statistical analyses with
the following group comparisons: 1) DTI parameter
(FA, F1, F2, MD, AxD, and RD) change in con-
trol > DTI parameter change in intervention group;
2) DTI parameter change in control < DTI parame-
ter change in intervention; 3) DTI parameter change
in control >0; 4) DTI parameter change in control
<0; 5) DTI parameter change in intervention >0; and
6) DTI parameter change in intervention <0. If sig-
nificant differences in DTI parameter change were
identified in the intragroup analyses, the DTI param-
eters were then extracted from those regions in each
case and were used to test the relationship between
DTI changes and cognitive changes with Pearson cor-
relation coefficient. The null distribution was built up
over 5000 permutations, and significance was tested
at p < 0.05 with correction for family-wise error with
Threshold-Free Cluster Enhancement. TBSS analy-
ses with controlling study sites were performed. The
FINGER participants were at-risk for dementia and
were selected based on a risk score including cardio-
vascular factors [26]. White matter hyperintensities
(WMH) have been associated with cardiovascular
risk factors, and they may also impact FA measures.
Therefore, the TBSS analyses were conducted again,
controlling for study sites and WMH (visually rated
according to the Fazekas scale) [23].

Cognitive assessments in the FINGER study

An extended version of the neuropsychological
test battery (NTB) [27] was used for cognitive

assessments. NTB total score (primary cognitive out-
come) was calculated as a composite score based on
results from 14 tests (Z scores standardized to the
baseline mean and SD, with higher scores suggest-
ing better performance) [4]. Executive functioning
score (secondary outcome) was similarly calculated
from Z scores for category fluency test, digit span,
concept shifting test, trail making test (shifting score
B–A) [22], and a shortened 40-stimulus version of the
original Stroop test [28]. Processing speed score (sec-
ondary outcome) was calculated from Z scores for
letter digit substitution test, concept shifting test, and
Stroop test. Memory score (secondary outcome) was
calculated using Z scores for visual paired associates
test immediate and delayed recall, logical memory
immediate and delayed recall, and word list learning
and delayed recall [3].

Statistical analysis

Statistical analyses were done using Stata soft-
ware version 12. The level of statistical significance
was p < 0.05 in all analyses. Characteristics of inter-
vention and control groups were compared using
t-test and chi-square tests. Intergroup differences
in cognitive changes were tested with mixed-
effects regression models with maximum likelihood
estimation.

RESULTS

Clinical characteristics of the intervention and con-
trol groups are shown in Table 1, with no significant
baseline differences. Baseline DTI parameters were
not different between groups, except for smaller AxD
in the control group at tract connecting to the right
postcentral gyrus (data not shown).

Changes in DTI parameters

Brain regions with significant intragroup changes
in DTI parameters during the 2-year trial are shown in
Figs. 2–3. Significant reduction in FA (within group)
was found for both control (Fig. 2) and intervention
(Fig. 3) groups. The FA reduction was limited in the
genu of corpus callosum in the control group, but it
was more widespread in the intervention group, cov-
ering WM tracts of both hemispheres. F1 tended to
decrease in the corpus callosum in the control group
(p = 0.08, corrected for family-wise error), and sig-
nificantly decreased in the splenium part of corpus
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Table 1
Characteristics of the intervention and control groups in the DTI population

Characteristic N Intervention Control p
(n = 34) (n = 26)

Baseline age, y 60 70.02 (4.2) 69.55 (3.9) 0.66
Number of Men, (n%) 60 20/34 (59) 13/26 (50) 0.60
Education, y 60 9.26 (2.4) 8.61 (3.0) 0.36
APOE �4 carriers, n (%) 53 7/31 (23) 9/22 (41) 0.15
Baseline vascular & lifestyle factors

Systolic blood pressure, mmHg 57 140.8 (16.6) 141.2 (15.2) 0.94
Diastolic blood pressure, mmHg 57 80.1 (9.04) 79.2 (9.3) 0.71
BMI, kg/m2 57 27.6 (3.98) 27.1 (3.08) 0.66
Total cholesterol, mmol/l 60 4.94 (1.03) 4.94 (0.99) 0.99
Fasting plasma glucose, mmol/l 60 6.21 (0.74) 6.20 (1.01) 0.96
Physically inactive n (%) 60 27/34 (79) 24/26 (92) 0.16
Current smokers, n (%) 60 34/34 (100) 24/26 (92) 0.18
Alcohol drinking at least once per week, n (%) 60 17/34 (50) 12/26 (46) 0.09
Fish intake at least twice per week, n (%) 60 11/34 (32) 12/26 (46) 0.29
Daily intake of vegetables, n (%) 60 11/34 (32) 10/26 (38) 0.78

Self-reported baseline medical history
Hypertension, n (%) 60 25/34 (73) 16/25 (64) 0.56
Hypercholesterolemia, n (%) 59 26/34 (76) 20/25 (80) 1.00
Diabetes, n (%) 59 32/34 (94) 23/25 (92) 1.00
History of myocardial infarction, n (%) 59 0 0
History of stroke, n (%) 58 0 0

Baseline cognition
NTB Total score 60 –0.080 (0.43) –0.085 (0.55) 0.97
NTB Executive functioning 60 –0.06 (0.52) –0.090 (0.64) 0.84
NTB Processing speed 60 –0.099 (0.67) 0.001 (0.87) 0.61
NTB Memory 60 –0.0892 (0.55) –0.12 (0.56) 0.80

Baseline MRI
Visually rated white matter hyperintensities 60 1.00 (0–3) 1.00 (0–3) 0.30

Values are means (SD) unless otherwise specified; BMI, body mass index; MRI, magnetic resonance imaging; NTB, neuropsychological
test battery.

callosum in the intervention group. F2 reduction was
detected in the bilateral occipital and parietal WM
and right posterior cingulum and temporal WM in the
control group, but only in right optical radiation in the
intervention group (Figs. 2 and 3). AxD increased in
right frontal WM tracts and RD increase in the genus
of corpus callosum in the control group (Fig. 2), while
AxD increase in a very tiny area and widespread
RD increase in both hemispheres were detected in
the intervention group. A significant MD increase in
only a tiny region was detected in the control group,
while the intervention group had a widespread MD
increase in the WM tracts in the frontal lobes bilater-
ally, internal and external capsules, and partial right
parietal lobe (Fig. 3). In addition, the intervention
group showed a decrease in AxD in part of right opti-
cal radiation. No AxD or RD decrease was found in
the control group.

Intergroup comparisons showed that the magni-
tude of FA reduction was significantly larger in the
intervention group than in the control group, even
after adjusting for study sites and WMH (Fig. 4).

However, the changes in F1, F2, MD, AxD, and RD
were not significantly different between groups.

To confirm these findings in the TBSS analysis,
we performed a region of interest (ROI)-analysis.
Two ROIs were drawn on the FA skeleton at ante-
rior and posterior-periventricle regions based on the
TBSS longitudinal analysis (Fig. 5). Each ROI was
larger than 5 mm in x, y, and z directions. The FA val-
ues of the two ROIs at baseline and follow-up were
extracted, and the FA values were then used to test
the longitudinal changes in FA. Results were similar,
as shown in Fig. 5.

Changes in cognition and DTI parameters

In the control group, the cognition did not change
significantly during the 2-year trial (p ≥ 0.061).
However, in the intervention group, all cognitive
domains improved (p ≤ 0.047). The intervention
group improved significantly more than the control
group in the total NTB score (p = 0.033). A trend
for more improvement in executive functioning was
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Fig. 2. Control group: regions of significant changes in diffusivity parameters during the 2-year trial are projected on the skeleton (green)
of the white matter (p < 0.05, corrected for family-wise error). Decreasing FA, diffusivity along domain (F1, trend p < 0.08), and non-
domain diffusion orientation (F2), and increasing mean diffusivity (MD), axial diffusivity (AxD), and radial diffusivity (RD) shown in
red-yellow.

also observed for the intervention compared to group
(p = 0.075) (Table 2).

In the control group, change in total NTB score
positively correlated with FA change (r = 0.424,

p = 0.031), and negatively correlated with RD change
(r = –0.558, p = 0.003). The change in executive
functioning and memory was negatively correlated
with RD change (r = –0.446, p = 0.022; r = -0.445,
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Fig. 3. Intervention group: regions of significant changes in diffusivity parameters during the 2-year trial are projected on the white matter
skeleton (green) (p < 0.05, corrected for family-wise error). Decreasing fractional anisotropy (FA), diffusivity along domain (F1), and non-
domain diffusion orientation (F2), and increasing mean diffusivity (MD), axial diffusivity (AxD), and radial diffusivity (RD) are shown in
red-yellow.

p = 0.023, respectively, Fig. 6). No correlations
between cognitive changes and F1, F2, MD, or AxD
change were found (p ≥ 0.189).

However, in the intervention group, no signifi-
cant correlations between cognitive changes and DTI
parameter changes were found (p ≥ 0.085).
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Fig. 4. Comparison between intervention and control groups: fractional anisotropy (FA) reduction (red-yellow) was significantly larger in the
intervention group (p < 0.05, corrected for family-wise error). No significant differences were found for change in diffusivity along domain
(F1) and non-domain diffusion orientation (F2), mean diffusivity (MD), axial diffusivity (AxD), or radial diffusivity (RD). The upper row
shows the TBSS analysis adjusted for study sites and white matter hyperintensity, the lower row shows TBSS analysis with adjusted for
study sites only.

Fig. 5. Additional ROI analysis where Fraction anisotropy (FA) values at baseline and follow-up were measured from anterior- and posterior-
periventricular regions (left, blue). The red-yellow (right) areas indicate the tracts with significant difference in longitudinal FA changes
between control and intervention groups.

DISCUSSION

Results of the present study indicate that the 2-
year FINGER multidomain intervention was related
to WM changes on DTI. FA decreased more in the

intervention group compared with control group. The
intervention group also had a significant benefit on the
NTB total score (primary cognitive outcome), with
a similar trend for executive functioning (secondary
cognitive outcome).



R. Stephen et al. / White Matter Changes During Multidomain Trial 83

Table 2
Primary and secondary cognitive end points from baseline to 2-years, DTI population

Cognitive end point Control Intervention Difference between intervention
and control groups per year

Mean change (SE) Mean change (SE) Estimate (95% CI) p

Primary
NTB total score 0.103 (0.060) 0.276 (0.053) 0.087 (0.007 – 0.165) 0.033

Secondary
Executive functioning –0.051 (0.079) 0.137 (0.077) 0.094 (–0.009 – 0.197) 0.075
Processing speed 0.067 (0.077) 0.170 (0.068) 0.052 (–0.050 – 0.153) 0.316
Memory 0.246 (0.120) 0.453 (0.105) 0.104 (–0.053 – 0.260) 0.195

Mixed-model repeated-measures analyses were used to assess between-group differences (group × time interaction) in the changes from
baseline to 24 months based. Scores on the NTB total score and memory, executive functioning and processing speed domain scores are
estimated mean values (standard errors) of z scores of the cognitive tests included in each cognitive outcome with higher scores indicating
better performance. A positive value of the estimate of the between-group differences indicates the effect is in favor of the intervention
group.

Fig. 6. Control group: NTB (neuropsychological test battery) total score change (baseline-follow-up) positively correlated with fractional
anisotropy (FA) change (baseline-follow-up), and negatively correlated with radial diffusivity (RD) change. NTB executive score change
and memory score change negatively correlated with RD change. No correlation between cognitive changes and mean diffusivity (MD) or
axial diffusivity (AxD) changes were found (p ≥ 0.189).
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The intervention group exhibited FA decrease in
widespread WM tracts, which is surprisingly contrary
to our expectation. However, the FA decrease in the
intervention group was not associated with cognitive
decline, and the intervention group had significant
cognitive benefits. This suggests that FA decrease in
the intervention group was not related to demyeli-
nation, but more likely to other pathophysiological
changes. When other DTI-derived parameters, F1
and F2 changes were checked, these too could not
explain the FA decrease in the intervention group.

RD increase was also detected in the WM areas
corresponding to FA change. Also, little increase in
AxD, suggests that the RD increase may be the main
reason of FA decrease (where water molecules moved
more freely perpendicular to axonal fibers, i.e., the
inter-space between axonal fibers was increased).
Neuropathological studies have shown that in the very
early phases of the dementia spectrum, pathological
WM changes start from synaptic damage, astrocytic
hypertrophy, and swelling of axons [7, 14, 15]. It
has been well known that most axons are entirely
wrapped by astrocyte cytoplasmic processes. The
astrocytic hypertrophy can affect FA and RD has been
shown in animal models [29]. Astrocytic hypertro-
phy and axonal swelling can decrease the inter-space
between axons (dense axonal packing), and conse-
quently can result in FA increase and RD decrease
[16, 30].

FA increases have been reported among cogni-
tively normal individuals with family history of
AD, or with more pronounced amyloid deposition
[31–33], and among asymptomatic carriers of the
PSEN1 mutation involved in autosomal dominant AD
[34]. In AD mouse models, DTI studies have also
found FA increase in the corpus callosum, cingulum,
anterior commissure, internal and external capsule
[35–37]. In post-DTI histological analyses, those
regions with increased FA revealed axonal swelling
[35], damage to axons and dendrites [36], and little to
no effects on myelination [35, 37]. On the other hand,
FA decrease has been consistently reported in MCI
and AD studies [6]. Such findings may imply that
FA in early disease stages or at-risk states (like the
FINGER) may initially increase, and then decrease
in the later stages. In the stage with increased FA
(probably axon swelling and astrocytic hypertro-
phy), pathophysiological changes may be reversible.
This may also explain why in later AD stages with
FA decrease and RD increase (demyelination and
axon loss), it becomes too difficult or impossible to
modify the disease process. Elevated vascular risk

contributes to astrocytic hypertrophy [14] and cellular
swelling [38]. Given that FINGER participants had
an elevated vascular-based risk score, if the FINGER
multi-domain intervention could reverse astrocytic
hypertrophy and axonal swelling, then DTI would
show increase in RD and decrease in FA, as observed
in this study.

FA reduction in the intervention group was exten-
sive and did not occur in the specific degenerative
regions in MCI and AD patients. Several animal
studies have shown profound local and global struc-
tural changes, including synaptic size and density,
complexity and extent of dendritic arbors, size and
number of glial processes, vascular density, and rate
of neurogenesis, in the brain produced by complex
or enriched environments [39–41]. Another study
demonstrated that aerobic activity levels in elderly
human subjects correlate with both the number and
tortuosity of blood vessels throughout the brain on
MR angiography [42]. Also, whole-brain studies on
human have reported physical activity levels [43] or
an exercise intervention [44] can increase gray matter
density in frontal, temporal, and cingulate areas of the
brain. The multi-domain FINGER intervention tar-
geted several risk factors simultaneously (unhealthy
diet, physical inactivity, insufficient cognitive activ-
ity, and vascular and metabolic risk factors), thus
beneficial effects may manifest as extensive FA and
RD changes in the intervention group.

Another feature of FA reduction in the intervention
group was left dominant, indicating the asymmetric
response to FINGER intervention. It was reported
by another study that significant vascular alterations
with aging were limited to the left middle cerebral
distribution on MR angiography [42]. The vascu-
lar system in the left hemisphere of ageing people
might have more space for perfusion improvement
by intervention, as seen in the present study.

However, the small FINGER DTI sample size is a
major limitation of this study, and larger longitudinal
DTI studies in prevention trials are needed to verify
these findings. The multi-domain intervention tar-
geted several risk factors simultaneously, thus poten-
tially covering multiple mechanisms involved in both
pathological WM changes and development of cog-
nitive decline and dementia. The exact mechanisms
behind the intervention effects on changes in DTI
parameters are difficult to ascertain. Because both
demyelination in age-related WM degeneration and
possible FINGER intervention-related reverse astro-
cytic hypertrophy and axonal swelling could cause
similar DTI changes (FA decrease and RD increase),
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using advanced DTI techniques such as diffusion
basis spectrum imaging [45] may help to differentiate
the two types of pathophysiological changes. Also,
due to the relatively short follow-up period for an
at-risk general population without substantial impair-
ment at baseline, progression to dementia could not
be assessed. The extended follow-up of the FINGER
population will allow the investigation of potential
longer-term intervention effects.

In conclusion, FINGER intervention-related
effects included a decrease in FA only, and signifi-
cant cognitive improvement. These findings indicate
that the 2-year multidomain lifestyle intervention
may modulate microstructural alterations. FA and RD
measures seem to be sensitive biomarkers to evaluate
FINGER intervention effects on WM microstructure.
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