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Department of Psychology, Université de Montréal, Québec, Canada
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Abstract: This study investigated test–retest functional magnetic resonance imaging (fMRI) reproduci-
bility in 10 healthy older adults and in 10 mild cognitive impairment (MCI) persons using a two-condi-
tion (encoding and retrieval) verbal episodic memory task as well as a two-condition (with and
without a motor response) phonological processing task. Reproducibility measures included an overlap
ratio with four different thresholds, statistical comparisons of the condition contrasts across sessions
(test–retest contrasts), ANCOVAs, and intraclass correlation (ICC) on selected regions of interests
(ROIs). In all four conditions and for all reproducibility measures, MCI individuals showed fMRI test–
retest reproducibility indices that were comparable to those of healthy older adults. At the group level,
the comparison of the test–retest condition contrasts yielded very few differences in the areas and level
of activation and those differences tended to show a slight reduction of activation in the second ses-
sion. In addition, the results from the ANCOVAs showed that the fMRI signal measured at the group
level does not vary significantly from one session to another. Overlap ratios, however, showed that the
fMRI signal failed to produce a reliable pattern of significantly activated voxels across sessions. ICC
analyses on selected ROIs indicated that there is high within-subject variability, suggesting reduced
reliability at the individual level. Overall, these findings indicate that MCI individuals show fMRI test–
retest reproducibility comparable to those of healthy controls and hence that MCI do not alter fMRI
reproducibility. Furthermore, they indicate that monitoring treatment effects is reliable when compar-
ing groups but reduced when comparing single individuals. These results have precise implications
for the design of longitudinal studies relying on fMRI measures in older adults. Hum Brain Mapp
30:4033–4047, 2009. VC 2009 Wiley-Liss, Inc.
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INTRODUCTION

There is increasing interest in the use of functional mag-
netic resonance imaging (fMRI) as a diagnostic tool for
age-associated cognitive disorders. This technique also
yields considerable interest as a potential marker for thera-
peutic treatment of age-related neurodegenerative dis-
eases, such as Alzheimer’s disease (AD) or mild cognitive
impairment (MCI).

People with MCI show greater cognitive decline than
expected relative to people of the same age and education
level. Indeed, MCI has been identified as a risk factor for
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the development of AD as it has been shown that a large
proportion of persons who meet the clinical criteria for
MCI will progress to dementia [Gauthier et al., 2006]. No
cure has yet been found for AD, though a number of stud-
ies have investigated the possibility of pharmaceutical [e.g.
Gron et al., 2006; Saykin et al., 2004] and nonpharmaceuti-
cal interventions [e.g. Ball et al., 2002; Belleville et al.,
2006; Craik et al., 2007; Rapp et al., 2002] to enhance mne-
sic abilities in healthy older adults and in persons with
MCI or to at least slow the initial rate of progression to-
ward AD [Petersen and Morris, 2005]. With the advance-
ment of neuroimaging technologies, it is now possible to
quantify cognitive decline and the effects of a given inter-
vention in terms of changes in cerebral activation, in addi-
tion to characterizing modifications in behavior [e.g.
Goekoop et al., 2004, 2006; Gron et al., 2006; Saykin et al.,
2004]. Neuroimaging techniques could become useful clini-
cal tools for quantifying longitudinal cerebral activation
changes associated with a disease or intervention effects.
However, the use of fMRI in clinical and research studies
that involve repeated measures requires firm evidence that
measures of brain activation in those populations are reli-
able indicators and do not vary in test–retest measure-
ments. More precisely, it is crucial to know whether or not
the fMRI signal is reproducible, i.e. if two fMRI sessions
produce comparable activations.

The vast majority of fMRI reliability studies have been
performed on young healthy subjects performing a variety
of cognitive and noncognitive tasks, including sensory
tasks [Kiehl and Liddle, 2003; Miki et al., 2000; Rombouts
et al., 1997, 1998; Specht et al., 2003; Stark et al., 2004;
Waldvogel et al., 2000; Yetkin et al., 1996], motor tasks
[Havel et al., 2006; Liu et al., 2004; Loubinoux et al., 2001;
Raemaekers et al., 2007; Swallow et al., 2003; Waldvogel et
al., 2000; Yetkin et al., 1996], memory tasks [Machielsen et
al., 2000; Miller et al., 2002; Wagner et al., 2005], executive
function tasks [Aron et al., 2006; Neumann et al., 2003;
Wei et al., 2004], and language tasks [Maldjian et al., 2002;
Rutten et al., 2002]. These studies generally report a rea-
sonably good, though not perfect, reproducibility of fMRI
cerebral activations.

Although there is no general consensus as to the appro-
priate method that should be used to assess fMRI reprodu-
cibility across sessions, many studies [Fernandez et al.,
2003; Havel et al., 2006; Machielsen et al., 2000; Miki et al.,
2000; Raemaekers et al., 2007; Rutten et al., 2002; Specht et
al., 2003; Swallow et al., 2003; Wagner et al., 2005; Yetkin
et al., 1996] have used the overlap ratio initially used by
Rombouts et al. [1997] that measures reproducibility in the
number and location of voxels by comparing voxels acti-
vated in both sessions to those activated in only one of
them. Overall, the overlap ratio does not vary widely
though there is some task-related effect with higher over-
lap ratios found when using sensorimotor tasks [e.g. from
0.48; Miki et al., 2000, to 0.64; Rombouts et al., 1998] rela-
tive to higher level cognitive tasks [e.g. from 0.36; Machiel-
sen et al., 2000; Wagner et al., 2005 to 0.42; Wagner et al.,

2005, in the case of memory tasks). Another fMRI reprodu-
cibility method that has been used by many researchers is
the intraclass correlation (ICC) [Aron et al., 2006; Fernan-
dez et al., 2003; Kong et al., 2007; Manoach et al., 2001;
Raemaekers et al., 2007; Specht et al., 2003; Wei et al.,
2004]. ICC assesses fMRI activation reliability by compar-
ing the between-subject variance to total variance and it is
therefore higher when within-subject variance is low and
between-subject variance is high. In healthy subjects, the
ICC seems to vary greatly from one study to another and
from one region to another.

Reliance on repeated scans is likely to be particularly
vital in clinical populations as researchers are attempting
to elucidate the brain-related effects of disease evolution
and/or of treatment. Nevertheless, the reproducibility of
fMRI signal in patients has not been extensively studied
and thus remains largely unknown. We are aware of only
four studies conducted on different clinical populations:
patients with schizophrenia [Manoach et al., 2001], patients
with stroke [Chen and Small, 2007], patients with focal
epilepsy [Fernandez et al., 2003], and patients with chronic
nonfluent aphasia [Kurland et al., 2004]. The results of
these studies suggest that patients show less reliable acti-
vations across sessions than healthy participants, possibly
due to unstable brain compensation, greater head move-
ment than controls, and more variability in task perform-
ances. However, all of these patients suffered from chronic
symptoms, hence it is difficult to transpose these results to
a population with a slowly evolving disease; furthermore,
very little is known about the impact of aging on fMRI
reproducibility. Indeed, only one study assessed fMRI
reproducibility in healthy older adults using an N-Back
working memory task and a finger-tapping task [Marshall
et al., 2004]. These studies concluded that across-session
fMRI reproducibility in older adults is similar to the one
reported in young subjects. More studies are required to
extend these findings to other cognitive functions in el-
derly people and to know whether these results also apply
to MCI individuals.

The goal of this study was to assess the reproducibility
of fMRI signal in healthy older adults and in MCI persons
with a verbal memory task, a cognitive task typically used
as a diagnostic marker of dementia, with both an encoding
and a retrieval condition. A phonological processing task
was also used. This is a task that is typically unimpaired
in MCI and early AD and that can provide indications
regarding reproducibility values in unimpaired conditions.
Two conditions were also used in the phonological task:
one that included a motor response and one that did not
include a motor response because memory conditions also
included either a motor response (in the retrieval condi-
tion) or no motor response (in the encoding condition).
This allowed us to assess the relative contribution of the
motor response component to the overlap ratio of the
memory and phonological tasks. These paradigms were
used because, as mentioned earlier, tasks with a motor
response tend to produce higher overlap ratios than tasks
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with no motor component. It was therefore important to
ensure that task differences in reproducibility were not
related to the motor component. Reproducibility was
assessed in each group using the overlap ratio measure,
statistical comparisons of the condition contrasts across
sessions, as well as ICC measure and statistical compari-
son of the beta values in selected regions-of-interest (ROI)
that are known to be involved in verbal memory and/or
phonological processing [Cabeza and Nyberg, 2000]: Bro-
ca’s area (area 44), the left and right ventrolateral prefron-
tal cortex (BA 45, 47), the left and right dorsolateral
prefrontal cortex (BA 9, 46), the precuneus bilaterally, the
posterior cingulate cortex bilaterally, and the hippocampus
bilaterally. As the overlap ratio method can be threshold
sensitive, overlap ratio measures were done using four dif-
ferent threshold values. We first hypothesized that healthy
older adults and MCI persons would both show relatively
good fMRI reproducibility of a similar magnitude as those
observed in the literature with younger adults; moreover,
we also hypothesized that conditions that included a
motor response would show a higher overlap ratio than
conditions that did not include a motor response, because
of the higher fMRI reproducibility of sensorimotor cortices.
Lastly, we predicted that the statistical comparisons of the
condition contrasts across sessions would highlight a
reduction of activation in some areas from the first to the
second session, in accordance with the literature [see Kelly
and Garavan, 2005].

METHOD

Participants

A total of 20 participants, 10 MCI persons and 10
healthy older adults participated in this study. Persons
with MCI (three males) had a mean age of 67.20 years (SD
¼ 8.03, median ¼ 68, range ¼ 51–74) and had a mean of
13.70 (SD ¼ 3.8, median ¼ 12, range ¼ 9–18) years of edu-
cation. Healthy older adults (2 males) had a mean age of
71.20 years (SD ¼ 7.25, median ¼ 69, range ¼ 58–80), with
an average of 12.90 (SD ¼ 2.5, median ¼ 13, range ¼ 8–20)
years of education. French was the first language of all
participants.

Participants with MCI were recruited from memory clin-
ics and met the criteria proposed by Petersen et al. [1999]
for amnestic single or multiple domain MCI: (1) they had
a memory complaint; (2) they performed at least 1.5 SD
below the average level of persons of similar age and edu-
cation on standardized memory tests; (3) they showed no
global cognitive impairment on the basis of the MMSE
(using the age- and education-adjusted cutoff for demen-
tia); (4) nor any significant impact on daily functions as
measured by the SMAF functional impairment scale and
clinical interview; (5) they failed to meet criteria for de-
mentia. MCI participants went through an extensive neu-
ropsychological evaluation that covered episodic memory
[a cued and free word recall task: RL/RI-16; Buschke,

1984; Van der Linden et al., 2004, a text memory of the
BEM; Signoret, 1991, and the recall of Rey’s Complex
Figure; Rey, 1959], executive functions [third set of Victo-
ria Stroop; Regard, 1981, and copy of Rey’s Complex
Figure; Rey, 1959], visuospatial processing [Benton Judg-
ment of line orientation; Benton et al., 1983], information
processing speed [Coding of the WAIS-III; Wechsler,
1997], language [Boston Naming Test; Kaplan et al., 1983],
and global cognitive functions [Mattis Dementia Rating
Scale, MDRS; Mattis, 1976, and Mini-Mental State Exami-
nation, MMSE; Folstein et al., 1975]. In addition, depres-
sive symptoms were assessed with the Geriatric
Depression Scale [GDS; Yesavage, 1988] and vascular risk
factors were assessed with the Hachinski questionnaire
[Hachinski et al., 1975]. MCI persons also went through an
extensive medical, neurological, and neuroradiological
examination to exclude the presence of any significant sys-
temic, neurological, or psychiatric condition that could
explain their cognitive difficulties.

Elderly controls were recruited from the community.
They also completed a clinical and a partial neuropsycho-
logical assessment (MDRS, MMSE, MOCA, GDS, RL/RI-
16) to ensure that they did not suffer from cognitive defi-
cits. Exclusion criteria included past history of psychiatric
or neurological disorders, including traumatic brain injury
and depression. This study was approved by the Institut
Universitaire de Gériatrie de Montréal Human Ethics
Committee and was part of a larger intervention study as
a control condition.

Stimuli

Six lists of eight concrete, one- to three-syllable words
were created for the learning phase of the memory task.
The six lists were matched in terms of mean word fre-
quency, semantic category and concreteness of the words
in the list. Six lists of eight concrete, one- to three-syllable
words were created for the retrieval phase. Half of
the words used in the retrieval lists were part of the
encoding list and half were new words. The new words
were matched to the old words in terms of the relevant
linguistic dimensions (syllabic length, frequency, and
concreteness).

Twelve lists of six pseudo words were created for the
phonological processing task. Six were used in the motor
response condition and six were used in the no-response
condition. The pseudo words were matched to the words
used in the memory task in terms of the relevant linguistic
dimensions (length, phonological complexity, and fre-
quency of the words from which they were derived).

Two parallel versions of the memory lists were used in
this study and were counterbalanced across subjects so
that each list was presented to equivalent number of par-
ticipants on each session.
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Neuroimaging Procedure

The task was programmed on E-prime and stimuli were
visually presented and mirror-projected. Subjects’ vision
was corrected with goggles appropriate for MRI scanning.
During rest, subjects were instructed to close their eyes
and to try not to think about anything. During phonologi-
cal processing without a motor response, subjects were
instructed to read covertly a series of pseudo words. Dur-
ing phonological processing with a motor response, sub-
jects were instructed to read covertly a series of pseudo
words and to press randomly using a two-button
response. Each phonological processing block or series
contained six pseudo words (4 s presentation rate, 1 s
interstimulus interval). There were six blocks for a total of
36 pseudo words. During memory encoding, subjects were
asked to memorize series of visually presented words.
Each encoding block or series contained eight words (4 s
presentation rate, 1 s interstimulus interval). There were
six encoding blocks for a total of 48 words. During mem-
ory retrieval, subjects were asked to perform an old-new
recognition judgment of visually presented words using a
two-button response. Each retrieval block or series con-
tained eight words (4 s presentation rate, 1 s interstimulus
interval), half of which were presented in the preceding
encoding blocks, half of which were new. There were six
retrieval blocks for a total of 48 words.

Subjects performed the task in a blocked design with
one encoding run and one retrieval run. The encoding run
was composed of six alternating block series of rest, pho-
nological processing without a motor response, and inten-
tional encoding (i.e. six series of: rest, htask1i, htask2i)
with each session lasting 28 s, 30 s, and 40 s, respectively.
In addition, a brief instruction (4 s) was presented to the
subjects prior to each block. A retrieval run composed of
six alternating block series of rest, phonological processing
with a motor response, and retrieval followed by the
encoding run. The rest, phonological processing with a
motor response, and retrieval blocks lasted 28 s, 30 s, and
40 s, respectively, and were preceded by instructions. Two
days prior to scanning and just before the scanning ses-
sion, subjects were trained using an fMRI simulator. The
whole procedure was repeated again 6-weeks later.

Data Acquisition

Magnetic resonance imaging (MRI) was performed
using a SIEMENS 3T Magnetom TRIO System (Erlangen,
Germany) at the Unité de Neuroimagerie Fonctionnelle
(UNF) of the Institut Universitaire de Gériatrie de Mon-
tréal. Functional MR images were acquired using Gradi-
ent-Echo Echo-Planar imaging sequences (GE-EPI)
sensitive to blood oxygen level-dependent (BOLD) contrast
(TR/TE ¼ 2,000/30 ms, flip angle ¼ 90�; 31 interleaved sli-
ces, voxel size ¼ 3.75 mm � 3.75 mm � 5 mm with a gap
of 1 mm, field of view ¼ 240 mm, matrix ¼ 64 � 64). A
3D structural image was taken at the end of the two runs

using a sagittal T1-weighted 3D-MPRAGE sequence was
obtained (TR/TE ¼ 1950/3.93 ms, flip angle ¼ 15�; 176 sli-
ces, voxel size ¼ 1 mm � 1 mm � 1 mm, field of view ¼
256 mm, matrix ¼ 256 � 256).

Image Processing and Data Analysis

Data were analyzed in MATLAB 7.0 (http://www.math-
works.com) using the statistical parametric mapping soft-
ware SPM2 (http://www.fil.ion.ucl.ac.uk/spm/). The first
three volumes were automatically discarded by the fMRI
scanner to allow the magnetization to reach equilibrium.
The remaining functional images were first converted into
analyze format and unwarped. Functional volumes of each
subject were then realigned to the first acquired volume in
the session and a mean realigned volume was created for
each subject. All the realigned volumes of each subject
were spatially normalized into the Montreal Neurological
Institute (MNI) stereotactic space and spatially smoothed
with an 8-mm Gaussian kernel. Low-frequency noise was
removed with a high-pass filter of 256 s. Global changes in
fMRI response from scan to scan were removed by propor-
tionally scaling each volume to a common global mean
voxel value. A single-subject analysis was carried out to
evaluate the individual contrasts (encoding vs. rest, re-
trieval vs. rest, phonological processing without a motor
response vs. rest, and phonological processing with a motor
response vs. rest) for each subject. The instruction blocks
were modeled as a condition of no interest. A random
effects (RFX) analysis was then performed by calculating,
for each group (healthy older adults and MCI), a one way
ANOVA with eight conditions (encoding session 1, encod-
ing session 2, retrieval session 1, retrieval session 2, phono-
logical processing without a motor response session 1,
phonological processing without a motor response session
2, phonological processing with a motor response session 1,
phonological processing with a motor response session 2),
with nonsphericity correction, replications over subjects,
and with correlated repeated measures. To visualize the
area of overlapping volume for each group, an inclusive
mask of the first and second measurement of encoding, re-
trieval, and phonological processing with and without a
motor response was performed. This analysis has been
used previously to assess the reliability of a verbal episodic
memory task in young adults [Wagner et al., 2005]. An
uncorrected threshold of P < 0.001 with 10 contiguous vox-
els was used for both the overlap ratio and the test–retest
comparison. The overlap ratio method was also recalcu-
lated with uncorrected thresholds of P < 0.005, P < 0.0001,
and P < 0.00001, all with 10 contiguous voxels.

Test–Retest Reliability Measures

Overlap ratio

The relative amount of overlapping volume R
ij
overlap

between two activation SPM maps was calculated
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according to a method introduced by Rombouts et al.
[1997] based on Dice coefficient (D) [Dice, 1945]:

R
ij
overlap ¼ 2� Voverlap

Vi þ Vj

where Vi is the number of suprathreshold voxels within
SPM(t) maps in session i,Vj is the number of suprathres-
hold voxels within SPM(t) maps in session j, and Voverlap

is the number of suprathreshold voxels in both maps. The
overlap ratio can range from 0 to 1 and is based strictly on
the location of significantly activated voxels and not on
the actual t values of these voxels. Overlap ratios were
also converted to Jaccard coefficients (J), which are the ra-
tio of the size of the intersection divided by the size of the
union of activated voxels:

JðS1; S2Þ ¼ jS1
T
S2j

jS1
S
S2j

where S1 represents the activated voxels of the first fMRI
session and S2 represent the activated voxels of the second
fMRI session. The Jaccard coefficient has been used in struc-
tural imaging for tissue classification [Shattuck et al., 2001]
but has not, to our knowledge, been used yet as an index of
reliability for functional neuroimaging. The conversion from
the overlap ratio (or more precisely from the Dice coeffi-
cient) can be performed with the following formula:

D ¼ 2J

ð1þ JÞ

Or:

J ¼ �D

D� 2

In contrast to the overlap ratio, the Jaccard coefficient
can be directly interpreted as the percentage of the voxels
that are activated during both sessions (e.g. J ¼ 0.21 ¼
21% of the voxels activated during both sessions).

Test–retest comparison

One limitation of the overlap ratio is that thresholding
an image can exaggerate very small differences and hence
lead to considerable differences in the size of the overlap
ratio obtained. For instance, a voxel can show very similar
signal strength during two sessions but with one signal
being slightly below the threshold and the other one being
slightly above. The calculation of the overlap ratio would
consider this voxel as being inconsistent from one session
to another, despite the fact that its signal strength was
similar. For this reason, we also compared the SPM(t)
encoding, retrieval, and phonological processing with and
without motor response contrasts of both sessions.

Beta values comparisons and ICCs in ROIs

A ROI image of Broca’s area (area 44), of the left and
right ventrolateral prefrontal cortex (BA 45, 47), of the left

and right dorsolateral prefrontal cortex (BA 9, 46), of the
precuneus bilaterally (BA 7), of the posterior cingulate cor-
tex bilaterally, and of the hippocampus bilaterally were
created with WFU Pickatlas [Maldjian et al., 2003]. Then,
the average beta values of the ROIs were extracted with
marsbar [Brett et al., 2002] for each group and for each
condition during both sessions. Three-way mixed ANCO-
VAs with group (controls, MCI) as a between-subject fac-
tor, session (1, 2) and condition (encoding, retrieval,
phonological processing without a motor response, and
phonological processing with a motor response) as within-
subject factors, and age and education as covariates were
performed in SPSS 13.0 (http://www.spss.com) to assess
possible group differences as well as reliability of the beta
values from session 1 to session 2. Shrout-Fleiss two-way
single measure absolute agreement random ICC model
(2,1) were also performed on the average beta values of
each ROIs for each subject and for each session. The unit
of observation was the subject. F-tests reference test-value
was set to 0 with a confidence interval of 95%. The ICC
analyses were also performed in SPSS 13.0.

RESULTS

Sociodemographic Data

To assess whether the groups differed on age and edu-
cation, two t-tests were performed on these two variables.
No significant age, t(18) ¼ 1.38, N.S., or education effect,
t(18) ¼ �0.88, N.S., were found. This indicates that the
control group was age- and education-matched to the MCI
group.

Neuropsychological Evaluation

Independent t-tests were also performed on the neuro-
psychological evaluation scores obtained by the two
groups. MCI participants obtained significantly lower
scores than healthy controls on the MDRS, t(18) ¼ 2.48, P
< 0.05, MMSE, t(18) ¼ 2.63, P < 0.05, third free recall of
the RL/RI-16, t(18) ¼ 2.71, P < 0.05, and on the delayed
recall of the RL/RI-16, t(18) ¼ 3.41, P < 0.01 (Table I).

Behavioral Data

The mean percentage of correctly recognized words was
72.07% (SD ¼ 10.95) in the first session and 76.88% (SD ¼
10.24) in the second session for the control group and
67.20% (SD ¼ 11.92) in the first session and 71.63% (SD ¼
12.04) in the second session for the MCI group.1 A two-
way mixed ANOVA with group (controls, MCI) as a
between-subject factor and session (1, 2) as a within-sub-
ject factor was performed to assess whether task

1Note that performances of two MCI persons were not recorded due
to equipment difficulties.
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performances were equivalent across groups and sessions.
No significant group effect, F(1,16) ¼ 1.11, N.S., session
effect, F(1,16) ¼ 4.09, N.S., or group by session interaction,
F(1,16) ¼ 0.01, N.S, were found. Therefore, the two groups
performed at a similar level during the two sessions and
there was no behaviorally evident training effect.

Neuroimaging Data and Test–Retest

Comparisons

Memory encoding

The activations for the memory encoding condition for
sessions 1 and 2 of the healthy controls group (a and b
respectively) and of the MCI group (c and d respectively)
are shown in Figure 1. Overall, healthy controls showed
activations in a frontotemporoparietal network commonly
observed in episodic memory task (medial temporal lobe,
anterior and posterior cingulate gyrus, precuneus, supra-
marginal and angular gyri, medial prefrontal cortex, and
premotor areas) as well as in the occipital lobe, in subcorti-
cal structures (basal ganglia and thalamus), and in the
right cerebellum. The MCI group activated the same fron-
totemporoparietal network during both sessions, but also
showed additional activations in the prefrontal cortex (in-
ferior prefrontal gyrus, dorsolateral prefrontal cortex, and
orbitofrontal regions). Statistical comparison of the two
sessions for each group yielded few results as is illustrated
in Table II: healthy controls showed more activation in the
putamen and in the left inferior and middle temporal gyri
(Brodmann’s area 21) in the first session than in the sec-
ond session and MCI persons showed more activation

during the first session than during the second session in
the left middle frontal gyrus (Brodmann’s area 11). The
results of the first session are described in more details
elsewhere (Clement et al., submitted for publication).

Memory retrieval

The activations for the retrieval condition for sessions 1
and 2 of the healthy controls group (a and b, respectively)
and of the MCI group (c and d, respectively) are shown in
Figure 2. Both groups activated a similar frontotemporopar-
ietal network as in encoding. The test–retest comparison
showed no significance session effect on retrieval activations.

Phonological processing without a motor response

The activations for the phonological processing without
a motor response condition for sessions 1 and 2 of the
healthy controls group (a and b, respectively) and of the
MCI group (c and d, respectively) are shown in Figure 3.
During the first session, the healthy controls group
showed activations in the left parahippocampal gyrus, in
the posterior cingulate gyrus, in the occipital lobe, in the
parietal lobe (precuneus and supramarginal gyrus), in the
premotor area, in the thalamus, and in the cerebellum.
Healthy controls showed less activation in the left puta-
men during the second session than during the first ses-
sion. Again, the MCI group showed the same activations
as controls in both sessions but with additional activations
in the prefrontal cortex (in the inferior prefrontal gyrus, in
the dorsolateral prefrontal cortex, and in the premotor
region). The test–retest comparison for both groups indi-
cated that healthy controls showed more activation in the
left putamen during the first session than during the sec-
ond session (Table III).

Phonological processing with a motor response

The activations for the phonological processing with a
motor response condition for sessions 1 and 2 of the
healthy controls group (a and b, respectively) and of the
MCI group (c and d, respectively) are shown in Figure 4.
During the first session, the healthy controls group
showed activations in the anterior and posterior cingulate
gyrus, in the occipital lobe, in the parietal lobe (precuneus,
postcentral gyrus, inferior and superior parietal lobules),
in the premotor area, and in the cerebellum. Healthy con-
trols showed the same activations during the second ses-
sion, with the exception of the premotor area that does not
activate. Again, the MCI group showed the same activa-
tions as controls in both sessions but with additional acti-
vations in the prefrontal cortex (in the inferior prefrontal
gyrus, in the dorsolateral prefrontal cortex, and in the pre-
motor region). A comparison between both sessions in
MCI persons also indicates that they show more activation
in the left cerebellum during the first session than during
the second session (Table IV).

TABLE I. Scores on the neuropsychological tasks for the

two groups

Controls
(n ¼ 10)

MCI
(n ¼ 10)

MDRS (/144) 140.40 (3.10) 133.30 (8.51) *
MMSE (/30) 29.10 (0.74) 27.60 (1.65) *
MOCA (/30) 26.75 (1.75)
GDS (/15) 1.38 (2.45) 3.29 (2.98)
Hachinski (/18) 2.20 (2.57)
Boston naming test (/15) 12.40 (2.68)
BEM immediate recall (/12) 6.62 (1.19)
BEM delayed recall (/12) 5.69 (1.36)
RL/RI-16 3rd free recall (/16) 12.20 (1.87) 7.80 (4.78)*
RL/RI-16 delayed free recall (/16) 13.50 (1.18) 8.50 (4.48)**
Copy of Rey’s Figure: time 241.30 (123.54)
Copy of Rey’s Figure: score (/36) 28.30 (4.18)
Stroop 3rd plate time 37.11 (19.02)
Stroop 3rd plate errors 2.60 (3.06)
Benton judgment of line

orientation (/30)
20.70 (4.67)

Coding (WAIS-III, scaled score) 9.30 (2.21)

SD is in parenthesis.
Impairment relative to the controls at *P < 0.05 and **P < 0.01.
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Test–Retest Overlap of Activations

The overlap ratio was first calculated using an uncor-
rected threshold of P < 0.001. In the memory encoding
condition, the overlap ratio (Roverlap) in healthy controls

and MCI were 0.41 (J ¼ 0.26) and 0.40 (J ¼ 0.25), respec-
tively. In the memory retrieval condition, healthy controls
and MCI obtained overall ratios of 0.69 (J ¼ 0.53) and 0.70
(J ¼ 0.54), respectively. In the phonological processing con-
dition without a motor response, healthy controls and

TABLE II. Activated clusters (>10 voxels) for the comparison of sessions 1 and 2 of memory encoding with cluster

size, peak voxel MNI coordinates, and corresponding t-values

Activated areas (Brodmann area) (P < 0.001) Cluster size x y z t value

Healthy controls: encoding session 1 > session 2
Right putamen 18 18 0 6 4.06
Left putamen 25 �24 0 21 4.04
Left inferior/middle temporal gyrus (21) 12 �57 -9 �18 3.90

MCI: encoding session 1 > session 2
Left middle frontal gyrus (11) 15 �36 51 �9 4.27

Figure 1.

Activations for the encoding condition

(a) for session one in healthy controls

group, (b) in session two in healthy con-

trols group, (c) for session one in MCI

group, (d) for session two in MCI

group.
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MCI obtained overall ratios of 0.46 (J ¼ 0.30) and 0.42 (J ¼
0.27), respectively. In the phonological processing condi-
tion with a motor response, healthy controls and MCI
obtained an overlap ratio of 0.68 (J ¼ 0.52) and 0.66 (J ¼
0.49), respectively. Therefore, the overlap ratio was almost
identical across groups and was higher in the two condi-
tions in which a motor response was included.

The overlap ratio was recalculated using a more liberal
uncorrected threshold of P < 0.005. In the memory encod-
ing condition, the overlap ratio (Roverlap) in healthy con-
trols and MCI were 0.39 (J ¼ 0.24) and 0.47 (J ¼ 0.31),
respectively, thus quite similar to the values found with a
threshold of P < 0.001. In the memory retrieval condition,
healthy controls and MCI obtained overall ratios of 0.71 (J
¼ 0.56) and 0.75 (J ¼ 0.59) respectively, again very similar
to the values mentioned earlier. In the phonological proc-
essing condition without a motor response, healthy con-

trols and MCI obtained overall ratios of 0.45 (J ¼ 0.29) and
0.49 (J ¼ 0.33), respectively. In the phonological processing
condition with a motor response, healthy controls and
MCI obtained an overlap ratio of 0.71 (J ¼ 0.55) and 0.70 (J
¼ 0.54), respectively. Therefore, the use of a more liberal
threshold had only a slight effect on the overlap ratios in
both groups.

The overlap ratio was also recalculated using two more
conservative uncorrected threshold of P < 0.0001 and P <
0.00001. For the threshold of P < 0.0001, in the memory
encoding condition, the overlap ratio (Roverlap) in healthy
controls and MCI were 0.46 (J ¼ 0.30) and 0.25 (J ¼ 0.14),
respectively. In the memory retrieval condition, healthy
controls and MCI obtained overall ratios of 0.60 (J ¼ 0.43)
and 0.64 (J ¼ 0.47) respectively. In the phonological proc-
essing condition without a motor response, healthy con-
trols and MCI obtained overall ratios of 0.53 (J ¼ 0.36) and

Figure 2.

Activations for the retrieval condition

(a) for session one in healthy controls

group, (b) in session two in healthy con-

trols group, (c) for session one in MCI

group, (d) for session two in MCI

group.
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0.32 (J ¼ 0.19), respectively. In the phonological processing
condition with a motor response, healthy controls and
MCI obtained an overlap ratio of 0.59 (J ¼ 0.42) and 0.56 (J
¼ 0.39), respectively. For the threshold of P < 0.00001, in
the memory encoding condition, the overlap ratio (Roverlap)
in healthy controls and MCI were 0.42 (J ¼ 0.27) and 0.10
(J ¼ 0.05), respectively. In the memory retrieval condition,

healthy controls and MCI obtained overall ratios of 0.43 (J
¼ 0.28) and 0.52 (J ¼ 0.35), respectively. In the phonologi-
cal processing condition without a motor response, healthy
controls and MCI obtained overall ratios of 0.46 (J ¼ 0.30)
and 0.19 (J ¼ 0.11) respectively. In the phonological proc-
essing condition with a motor response, healthy controls
and MCI obtained an overlap ratio of 0.44 (J ¼ 0.28) and

Figure 3.

Activations for the phonological proc-

essing without a motor response condi-

tion (a) for session one in healthy

controls group, (b) in session two in

healthy controls group, (c) for session

one in MCI group, (d) for session two

in MCI group.

TABLE III. Activated clusters (>10 voxels) for the comparison of sessions 1 and 2 of phonological processing

without motor responses with cluster size, peak voxel MNI coordinates, and corresponding t-values

Activated areas (Brodmann area) (P < 0.001) Cluster size x y z t value

Healthy controls: phonological processing without motor responses session 1 > session 2
Left putamen 19 �24 0 21 3.67
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0.45 (J ¼ 0.29), respectively. For all four conditions, the use
of more conservative thresholds therefore reduced consid-
erably the overlap ratios of the two groups.

Beta Values Comparisons in ROIs

Beta value changes from session 1 to session 2 were
assessed for Broca’s area (BA 44), for the left and right

ventrolateral prefrontal cortex (BA 45, 47), for the left and
right dorsolateral prefrontal cortex (BA 9, 46), for the pre-
cuneus bilaterally (BA 7), for the posterior cingulate cortex
bilaterally, and for the hippocampus bilaterally for both
groups and for the 4 conditions. Three-way mixed
ANCOVA with group (controls, MCI) as a between-subject
factor, session (1, 2) and condition (encoding, retrieval,
phonological processing without a motor response, and

TABLE IV. Activated clusters (>10 voxels) for the comparison of sessions 1 and 2 phonological processing with

motor responses with cluster size, peak voxel MNI coordinates, and corresponding t-values

Activated areas (Brodmann area) (P < 0.001) Cluster size x y z t value

MCI: phonological processing with motor responses session 1 > session 2
Left cerebellum 26 �21 �69 �39 4.08

Figure 4.

Activations for the phonological proc-

essing with a motor response condition

(a) for session one in healthy controls

group, (b) in session two in healthy con-

trols group, (c) for session one in MCI

group, (d) for session two in MCI

group.
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phonological processing with a motor response) as within-
subject factors, and age and education as covariates were
performed to assess possible group differences and reli-
ability of the beta values from session 1 to session 2. For
Broca’s area (BA 44), a significant group effect was found,
F(1,16) ¼ 15.57, P < 0.001, but no session effect, F(1,16) ¼
2.25, N.S., or condition effect, F(3,48) ¼ 1.64, N.S., were
found and no significant interaction was observed (see Fig.
5). For the left ventrolateral prefrontal cortex (BA 45, 47),
no significant group effect, F(1,16) ¼ 1.12, N.S., session
effect, F(1,16) ¼ 0.54, N.S., or condition effect, F(3,48) ¼
1.82, N.S. were found and no significant interaction was
observed. For the right ventrolateral prefrontal cortex (BA
45, 47), no significant group effect, F(1,16) ¼ 0.43, N.S., ses-
sion effect, F(1,16) ¼ 0.76, N.S., or condition effect, F(3,48)
¼ 1.44, N.S. were found and no significant interaction was
observed. For the left dorsolateral prefrontal cortex (BA 9,
46), no significant group effect, F(1,16) ¼ 0.05, N.S., session
effect, F(1,16) ¼ 0.09, N.S., or condition effect, F(3,48) ¼
1.19, N.S. were found but a group � condition interactions
was observed, F(3,48) ¼ 3.04, P < 0.05. Post-hoc analysis
showed that MCI showed significantly more activation in

this ROI during the phonological processing without a
motor response condition, P < 0.05. For the right dorsolat-
eral prefrontal cortex (BA 9, 46), a significant group effect
was found, F(1,16) ¼ 7.60, P ¼ 0.01 but no session effect,
F(1,16) ¼ 2.79, N.S., or condition effect, F(3,48) ¼ 0.88, N.S.
were found and no significant interaction was observed.
For the precuneus bilaterally (BA 7), no significant group
effect, F(1,16) ¼ 0.26, N.S., session effect, F(1,16) ¼ 1.28,
N.S., or condition effect, F(3,48) ¼ 1.36, N.S. were found
and no significant interaction was observed, F(3,48) ¼ 3.04,
P < 0.05. For the posterior cingulate bilaterally, no signifi-
cant group effect, F(1,16) ¼ 0.34, N.S., session effect,
F(1,16) ¼ 0.17, N.S., or condition effect, F(3,48) ¼ 0.39, N.S.
were found and no significant interaction was observed.
For the hippocampus bilaterally, no significant group
effect, F(1,16) ¼ 1.33, N.S., session effect, F(1,16) ¼ 0.41,
N.S., or condition effect, F(3,48) ¼ 0.33, N.S. were found.
A significant condition � session interaction was observed,
F(3,48) ¼ 3.81, P < 0.05. Post-hoc analysis showed a signif-
icant reduction from session 1 to session 2 was observed
during the phonological processing with a motor response
condition, P < 0.05.

In summary, MCI showed significantly more activation
than healthy controls in the Broca’s area and in the right
dorsolateral prefrontal cortex during all four conditions
and more activation than healthy controls in the left dorso-
lateral prefrontal cortex during the phonological processing
without a motor response condition only. The only signifi-
cant change of activation from one session to another was
observed in the hippocampus bilaterally with a reduction
from session 1 to session 2 during the phonological proc-
essing with a motor response condition. No ROI showed
more change in activation from one session to another in
the MCI group than in the healthy controls group.

ICC in ROIs

Single measure ICC of sessions 1 and 2 were assessed
for Broca’s area (BA 44), for the left and right ventrolateral
prefrontal cortex (BA 45, 47), for the left and right dorso-
lateral prefrontal cortex (BA 9, 46), for the precuneus

Figure 5.

Beta values in Broca’s area (BA 44) for the two groups during

the four conditions and during the two sessions.

TABLE V. Single measures intraclass correlation of ROIs for both groups and for the four conditions

Condition

Controls MCI

1 2 3 4 1 2 3 4

Broca’s area (BA 44) 0.30 0.38 �0.18 0.39 0.31 0.60* 0.13 �0.13
Precuneus bilaterally (BA 7) �0.1 0.56* �0.21 0.62* 0.48* 0.63* 0.64* 0.79***
Hippocampus bilaterally 0.02 �0.05 �0.25 0.29 �0.08 0.48* 0.19 0.50*
Left dorsolateral PFC (BA 9, 46) 0.50* 0.57* 0.38 0.59* 0.13 0.29 0.11 0.40
Right dorsolateral PFC (BA 9, 46) 0.22 0.24 0.09 0.36 0.36 0.61* 0.60* 0.70**
Left ventrolateral PFC (BA 45, 47) 0.16 0.59* 0.05 0.42 �0.17 0.40 �0.23 0.32
Right ventrolateral PFC (BA 45, 47) 0.36 0.79*** 0.24 0.90*** 0.43 0.33 0.27 0.17
Posterior cingulate cortex 0.10 0.76** 0.05 0.72** 0.22 0.61* 0.60* 0.74**

F-test (with a reference test-value of 0) significant at *P < 0.05, **P < 0.01, and ***P < 0.001.
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bilaterally (BA 7), for the posterior cingulate cortex bilater-
ally, and for the hippocampus bilaterally for both groups
and for the four conditions (Table V). Healthy controls
showed significant ICC in the precuneus bilaterally during
the retrieval and phonological processing without a motor
response conditions, in the left dorsolateral prefrontal cor-
tex (BA 9, 46) during the encoding, retrieval, and phono-
logical processing with motor response conditions, in the
left ventrolateral prefrontal cortex (BA 45, 47) during the
retrieval condition, in the right ventrolateral prefrontal cor-
tex (BA 45, 47) during the retrieval and phonological proc-
essing with motor response conditions, and in the
posterior cingulate cortex during the retrieval and phono-
logical processing with motor response conditions. MCI
participants showed significant ICC in Broca’s area (BA
44) during the retrieval condition, in the precuneus bilater-
ally during all four conditions, in the hippocampus bilater-
ally during the retrieval and phonological processing with
a motor response conditions, in the right dorsolateral pre-
frontal cortex (BA 9, 46) during the retrieval, phonological
processing without a motor response, and phonological
processing with a motor response conditions, and in the
posterior cingulate cortex during the retrieval, phonologi-
cal processing without a motor response, and phonological
processing with a motor response conditions. The mean
ICC of healthy controls was 0.31 and the one of MCIs was
0.36. A t-test between the ICCs of the two groups did not
reveal a significant difference, t(62) ¼ �0.68, N.S.

DISCUSSION

The goal of this study was to assess the reliability of
fMRI signal in healthy older adults and in MCI persons.
This was done with a verbal memory task and a phono-
logical processing task, both with and without a motor
response. Although MCI persons and healthy older adults
showed differences in the localization of their activations
between the two sessions, a statistical comparison of ses-
sion 1 and 2 revealed few significant differences even with
the use of a relatively liberal threshold value (P < 0.001).
Small clusters in the putamen and in the left inferior and
middle temporal lobe of the healthy older adults and in
the left middle frontal gyrus of the MCI group showed
less activation at session 2 relative to session 1. Reduction
of activation during the second session is consistent with
what is usually observed in studies of practice effects (see
Kelly and Garavan, 2005] and the changes observed in the
current study likely reflect the same phenomenon. Impor-
tantly, we did not find significant behavioral performance
differences between the two groups or between the two
sessions. This is important for fMRI data as differences in
performance could otherwise be attributed to motivational
or attentional factors that might have had an impact on
brain activation thus limiting the interpretation of activa-
tion differences as they relate to reproducibility.

fMRI reproducibility was also assessed by comparing
the average beta values of selected ROIs in areas that that

are known to be involved in verbal memory and/or pho-
nological processing [Cabeza and Nyberg, 2000]. While
some group differences were observed (i.e. more activation
in MCI than in healthy controls in the Broca’s area and in
the right dorsolateral prefrontal cortex during all four con-
ditions and in the left dorsolateral prefrontal cortex during
the phonological processing without a motor response con-
dition only), these group differences appear to be stable in
time as no group � session interaction was found. Further-
more, only the hippocampus ROI showed change in acti-
vation from one session to another and this was only
during one among four conditions. The comparison of
beta values in the ROIs therefore suggests that the two
groups show reliable session-to-session fMRI signal, at
least in the regions investigated in this study. Overall,
these results, combined with the statistical comparisons of
sessions 1 and 2, suggest that in older adults with or with-
out cognitive decline, the fMRI signal elicited by the exe-
cution of the four conditions used here do not vary
significantly when measured in two sessions that are 6
weeks apart.

The test–retest reliability was also assessed with the
overlap ratio, a commonly used reliability method that
measures reproducibility by comparing number and loca-
tion of voxels activated in both sessions compared to those
activated in only one of them. The group overlap ratios
(Roverlap) of healthy controls and of MCI were almost iden-
tical in the four conditions with an uncorrected threshold
of P < 0.001 and were very similar when using an uncor-
rected threshold of P < 0.005. This was the case whether
tested with a relatively simple phonological task or with a
more demanding memory task irrespective of the motor
response. For these two thresholds, the encoding overlap
ratio of both groups is very close to the one previously
reported in healthy young adults (0.41 in healthy older
adults and 0.40 in MCI, respectively, vs. 0.36 in healthy
young adults; Machielsen et al., 2000; Wagner et al., 2005]
and the overlap ratio associated with retrieval is higher in
both groups than that previously reported in healthy
young adults (0.69 in healthy older adults and 0.70 in
MCI, vs. 0.42 in healthy young adults; Wagner et al.,
2005]. Thus, the present data indicate that MCI persons
show overlap ratios that are comparable to those found in
healthy older adults and healthy young adults and that
this overlap ratio is not reduced by the disease. However,
it is of note that while the overlap ratios (Dice coefficient)
of the conditions comprising a motor response were often
above 0.60 for the liberal thresholds, and hence can be
considered as representing good agreement [Landis and
Koch, 1977], the overlap ratios found for the conditions
with no motor response were between 0.40 and 0.60 which
represents a moderate between-session agreement. For the
two more conservative thresholds, most overlap ratios
were either between 0.40 and 0.60 (moderate agreement)
or below 0.40 (fair to low agreement). Overall our results
indicate that to have a reliable index of disease progres-
sion or to evaluate the neural effect of treatments,
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researchers should rely more on statistical comparisons of
the condition contrasts across sessions and on comparisons
of the average beta values of selected ROIs, rather than on
voxel activation comparisons as the latter provide fair to
moderate reliability when the task does not include a
motor response.

In addition to the two aforementioned thresholds, two
other more conservative threshold values were used to cal-
culate the overlap ratio to assess the impact of threshold-
ing on this reproducibility measure because, as mentioned
earlier, the overlap ratio is limited by the fact that thresh-
olding an image can exaggerate very small differences and
hence lead to considerable differences in the size of the
overlap ratio obtained. In the current study the two liberal
thresholds (P < 0.001 and P < 0.005) led to similar rela-
tively high overlap ratios in the two groups, while the use
of two more conservative threshold values (P < 0.0001
and P < 0.00001) led to lower overlap ratios in both
groups. This could be due to the fact that some voxels
showed few signal differences between the two sessions
but with one being just below the threshold and the other
being just above the threshold. Alternatively, the current
neuroimaging technology, preprocessing treatment (such
as smoothing and realignment), and statistical analyses
may not be advanced enough and/or optimal to measure
session-to-session signal changes on a single voxel basis.
Be this as it may, it indicates that threshold values are
likely to have an impact on reliability and that more con-
servative thresholds tend to be associated with lower reli-
ability than less conservative ones. This has obvious
implication when using fMRI to assess change in older
populations.

We also found some interesting task-related effect on
overlap ratios. Notably, memory tasks and phonological
tasks yielded comparable overall ratios. The relevant con-
dition appeared to be the presence of a motor response in
the task. In both memory and phonological tasks, the
inclusion of a motor response resulted in a much higher
overlap ratio than when no motor response was included
in the task. This is coherent with the literature indicating
that sensorimotor tasks produce more reliable brain activa-
tion across sessions.

Finally, we assessed fMRI reproducibility with ICC
measures in these same ROIs. It is noteworthy that the
ICC was calculated here on an individual basis rather than
on a group basis (i.e. individual/single measure ICCs
rather than average measure ICCs). Results indicated that
overall both MCI and healthy controls showed significant
ICC on a large number of regions and that the mean ICC
values of MCI and healthy older adults were very close
and not statistically different. While significant, ICC values
were however of a relatively low magnitude (mean ICC of
0.31 and of 0.36 for healthy controls and MCI, respec-
tively) in comparison to those that have been reported in
young healthy individuals [Aron et al., 2006; Specht et al.,
2003; Wei et al., 2004]. The fact that the ICCs were calcu-
lated on the average beta values of the ROI, instead of on

the beta value of specific voxels, may however have
increased the session-to-session variability. Another find-
ing was that, as observed in studies with young healthy
participants, the ICCs values were found to vary greatly
as a function of the region analyzed. However, the re-
gional effect on ICCs appears to differ from one group to
another, with some regions showing significant ICCs in
the MCI group but not in the healthy control group and
others showing significant ICC in the healthy control
group but not in the MCI group. For healthy controls,
ICCs were much lower in Broca’s area, hippocampus, and
right dorsolateral prefrontal cortex than in the precuneus,
left dorsolateral and ventrolateral prefrontal cortex, right
ventrolateral prefrontal cortex, and posterior cingulate cor-
tex. For MCI persons, the opposite pattern was found. Yet,
those findings suggest that although the fMRI signal is
reliable at the group level for both healthy older adults
and MCI individuals, it is much less so when examining
data on an individual basis. Again, this may arise from
the fact that the current neuroimaging technology, prepro-
cessing treatment, and statistical analyses may not be
advanced enough and/or optimal enough to reduce
within-subject variability and thus to measure session-to-
session signal change in a single individual. It could also
be due to the sensitivity of the signal to personal factors
that vary in time such as fatigue, stress, or other biologi-
cally determined factors. It is however noteworthy that
most participants were scanned at the same time of the
day for the two sessions.

We are aware of the limitations of this study. First, our
sample was relatively small and we may have lacked sta-
tistical power for some of the analyses, although our N
was quite consistent with most fMRI studies in clinical
populations. Alternatively, it could be argued that a P <
0.001 threshold is too conservative and may have over-
shadowed some session-to-session differences. While there
is no gold standard for the choice of statistical threshold in
fMRI analyses, we believe that the fact that we used multi-
ple reproducibility measures overcomes this limitation.
Note also that reliability appears to decrease, not increase,
with more conservative threshold. Another limitation
could be the use of proportional scaling, a procedure that
is used to remove both intersession and intrasession var-
iance in the global signal but that can decrease sensitivity
values, and hence may decrease the activation levels,
when the global signal is correlated to the experimental
paradigm [Gavrilescu et al., 2002; Junghofer et al., 2005].
The findings of this study should therefore be replicated
with other global normalization methods such as grand
mean scaling, masking methods or orthogonalization
methods. Lastly, the lack of significant task performance
differences between the two sessions was judged as a
strength because differences in performances might then
have an impact on brain activation and may have subse-
quently limited the interpretation of activation differences.
However, it could be also seen as a limitation as the evolu-
tion of a disease and/or a pharmalogical or
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nonpharmalogical intervention are likely to produce a
decrease or an increase of the behavioral performance of
the participants on the fMRI task. Therefore, these findings
will need to be replicated with fMRI tasks that elicit either
group differences, or session-to-session differences, in
performances.

The findings from this study indicate that MCI individu-
als exhibit fMRI test–retest reproducibility that are quite
comparable to those of healthy older adults, suggesting that
the fMRI reproducibility is not modified in an important
way by MCI. The results also show that the fMRI signal
does not vary significantly at a group level when compar-
ing brain activity in two sessions that are separated by a 6-
week period, suggesting that this technique could be used
as a neural surrogate of pharmalogical or nonpharmalogical
approaches to MCI or early AD (for examples see Goekoop
et al., 2004, 2006; Gron et al., 2006; Saykin et al., 2004] as
long as the outcome is measured in terms of fMRI signal
rather than solely in terms of activation of voxels and as
long as it is evaluated at the group level. Indeed, test–retest
failed to produce a reliable pattern of significantly activated
voxels as there seems to be within-subject variability in the
fMRI signal from session to session. This lack of reproduci-
bility at an individual level suggests that precautions
should be taken when using fMRI as a diagnostic tool or as
a tool to monitor the evolution of the disease. One should
first be aware of thresholding effects and rely on multiple
thresholds. One should also be aware that task characteris-
tics will affect reliability and that tasks with motor
responses should yield higher reproducibility than tasks
without motor responses. Lastly, the use of more optimized
realignment tools and of higher sizes of full width at half
maximum (FWHM) during smoothing may increase reli-
ability by decreasing test–retest differences in voxel localiza-
tion. Importantly though, the present findings indicate that
obtaining reliable test–retest findings with fMRI is not more
difficult in a population of older adults with cognitive
impairments than in a population of healthy older adults.
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dique (avec étalonnage). Marseille: Solal.

Wagner K, Frings L, Quiske A, Unterrainer J, Schwarzwald R,
Spreer J, Halsband U, Schulze-Bonhage A (2005): The reliabil-
ity of fMRI activations in the medial temporal lobes in a verbal
episodic memory task. Neuroimage 28:122–131.

Waldvogel D, van Gelderen P, Immisch I, Pfeiffer C, Hallett M
(2000): The variability of serial fMRI data: Correlation between
a visual and a motor task. Neuroreport 11:3843–3847.

Wechsler D (1997): Wechsler Adult Intelligence Scale-III. New
York: Psychological Corporation.

Wei X, Yoo SS, Dickey CC, Zou KH, Guttmann CR, Panych LP
(2004): Functional MRI of auditory verbal working memory:
Long-term reproducibility analysis. Neuroimage 21:1000–
1008.

Yesavage JA (1988): Geriatric depression scale. Psychopharmacol
Bull 24:709–711.

Yetkin FZ, McAuliffe TL, Cox R, Haughton VM (1996): Test–retest
precision of functional MR in sensory and motor task activa-
tion. Am J Neuroradiol 17:95–98.

r Test–Retest fMRI Reliability in MCI r

r 4047 r


