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Christian Degueldre b, Evelyne Balteau b, André Luxen b,
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bstract

Personality changes are frequently described by caregivers of patients with Alzheimer’s disease, while they are less often reported by the
atients. This relative anosognosia of Alzheimer disease (AD) patients for personality changes might be related to impaired self-judgment and
o decreased ability to understand their caregiver’s perspective. To investigate this issue, we explored the cerebral correlates of self-assessment
nd perspective taking in patients with mild AD, elderly and young volunteers. All subjects assessed relevance of personality traits adjectives
or self and a relative, taking either their own or their relative’s perspective, during a functional imaging experiment. The comparison of
ubject’s and relative’s answers provided congruency scores used to assess self-judgment and perspective taking performance. The self-
udgment “accuracy” score was diminished in AD, and when patients assessed adjectives for self-relevance, they predominantly activated
ilateral intraparietal sulci (IPS). Previous studies associated IPS activation with familiarity judgment, which AD patients would use more
han recollection when retrieving information to assess self-personality. When taking a third-person perspective, patients activated prefrontal
egions (similarly to young volunteers), while elderly controls recruited visual associative areas (also activated by young volunteers). This

uggests that mild AD patients relied more on reasoning processes than on visual imagery of autobiographical memories to take their relative’s
erspective. This strategy may help AD patients to cope with episodic memory impairment even if it does not prevent them from making
ome mind-reading errors.

2007 Elsevier Inc. All rights reserved.
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. Introduction

Alzheimer disease (AD) is a neurodegenerative disease
Please cite this article in press as: Ruby, P., et al., Perspective taking to a
Neurobiol Aging (2008), doi:10.1016/j.neurobiolaging.2007.12.014

ffecting predominantly associative brain regions such as
edial temporal cortex, posterior cingulate, lateral temporal,

arietal and frontal cortices (Buckner et al., 2005; Herholz et
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l., 2002; Salmon et al., 2005a,b), and clinically character-
zed by progressive decline in memory and higher cognitive
unctions. AD patients are mainly impaired in controlled
ognitive processes such as explicit memory recall (Adam
t al., 2005; Fabrigoule et al., 1998), and they frequently
ely on familiarity-based processes, allowing them to per-
orm routine (automatic) activities (Adam et al., 2005; Dalla
arba, 1997; Rauchs et al., 2007; Westerberg et al., 2006).
ssess self-personality: What’s modified in Alzheimer’s disease?,

oreover, personality changes and impaired judgment are
ypically observed in the disease (Cummings et al., 1994).
n intriguing symptom is the lack of awareness of AD
atients (anosognosia) for the clinical changes occurring as
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eurodegeneration progresses. The degree of anosognosia
aries across different clinical domains (Kalbe et al., 2005)
nd it appears especially salient for cognitive decline,
mpaired prospective memory and moral judgments in AD
Gil et al., 2001; Vasterling et al., 1997). Lack of awareness
as been related to brain dysfunction in various regions, such
s the hippocampus (Marshall et al., 2004; Salmon et al.,
006), the temporoparietal junction (Salmon et al., 2006),
nd the inferior, orbital or superior frontal cortex (Salmon et
l., 2006; Vogel et al., 2005). The physiopathology of this
ymptom remains poorly understood (Vuilleumier, 2004).

One difficulty in the physiopathological research concern-
ng anosognosia is that measuring lack of awareness is a real
hallenge. Indeed, anosognosia theoretically defines a dis-
repancy between facts (i.e. impaired behavior, hemiplegia,
tc.) and a subjective representation of such facts, which is
ifficult to measure precisely. Two main methods are com-
only used to assess anosognosia, (1) comparison of patient’s

elf-report of cognitive functioning with his performance on
bjective testing (Souchay et al., 2002) and (2) compari-
on of patient’s self-report with that of a close informant
Derouesne et al., 1999; Migliorelli et al., 1995; Ruby et al.,
007; Salmon et al., 2006). The former can easily be used
o measure anosognosia for cognitive deficits but may be
ess adapted to assess anosognosia in the social and emo-
ional domain. In this later domain indeed, quantifying real
ife social performances may be quite difficult using labora-
ory tasks. In the social domain, the second method may thus
e useful even if it depends on the reliability and validity
f a close informant report. In fact, several results argue in
avor of the trustworthiness of the relatives: (1) their reports
re generally closer to objective measures than patient self-
ssessments (DeBettignies et al., 1990; Jorm, 1994) and (2)
linico-metabolic correlations showed that subjective assess-
ent of AD cognitive abilities by their relatives was related

o metabolism in posterior and frontal associative areas of the
atients, just as objective cognitive evaluation of the patients
as (Salmon et al., 2005a,b).
To better understand the different methods used to measure

nosognosia, a recent study used positron emission tomogra-
hy with the 18F-fluorodeoxyglucose method (FDG–PET) to
orrelate brain activity at rest with two measures of anosog-
osia in AD: (1) confrontation of subjective and objective
ssessment of the patient and (2) discrepancy score between
atient’s and relative’s evaluation (Salmon et al., 2006).
hese two measures were found to have different cerebral
orrelates. Patient’s assessment unconfounded by objective
ognitive performances was related mainly to right parahip-
ocampal and orbitofrontal cortex dysfunction, while the
iscrepancy score inversely correlated with hypometabolism
n bilateral temporoparietal junction and inferior tempo-
al cortex. Interestingly, each measure of anosognosia was
Please cite this article in press as: Ruby, P., et al., Perspective taking to a
Neurobiol Aging (2008), doi:10.1016/j.neurobiolaging.2007.12.014

elated to brain regions involved in memory processes (see
arshall et al., 2004), and also to brain regions involved

n third-person perspective taking ability in a social and
motional context such as the orbitofrontal cortex and the
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emporoparietal junction (see Ruby and Decety, 2004). An
xplanatory hypothesis is that anosognosia for cognitive
eficits in AD patients originates both in memory and per-
pective taking deficits (Salmon et al., 2005b). Our idea in the
resent study was to extend this hypothesis to anosognosia
or self-personality misrepresentation in AD.

This hypothesis fits with previous work conceptualizing
he self as a complex knowledge structure that relies on dif-
erent components such as episodic and semantic memory,
nd the ability to reflect on one’s own thoughts and experi-
nce (Klein et al., 2002). Anosognosia for self-personality
isrepresentation in AD could, on the one hand, be related

o impaired autobiographical memory (Greene et al., 1995;
iolino et al., 2003) and to reliance on familiarity-based

udgments (Adam et al., 2005; Westerberg et al., 2006).
ccordingly, Rankin et al. (2005) showed that AD patients
ade a mixture of accurate and inaccurate self-assessments

f social abilities depending upon the facet of personality
valuated. For all of these personality facets, the current self-
ssessments of AD patients closely matched the informant’s
escription of their premorbid personality. The authors con-
luded that the source of inaccurate self-awareness in AD
atients was a failure to update their self-image. In other
ords, distorted self-representation in AD would originate in

amiliarity-based reliance on old semantic knowledge, that
s not updated due (partly) to deficits in episodic memory
nd reflective processes. As a consequence, one can expect
hat during a task requiring recall of autobiographical infor-

ation for self-assessment, AD patients would not recruit
rain regions typically involved in autobiographical memory
etrieval in healthy subjects (Addis et al., 2007; Andreasen
t al., 1995; Graham et al., 2003; Maguire et al., 1999), and
hat they would rely on brain regions involved in familiarity-
ased retrieval more than in recollection (Henson et al.,
999; Ranganath et al., 2004; Yonelinas et al., 2005). On the
ther hand, anosognosia for self-personality misrepresenta-
ion would be related to perspective taking deficits. Reflection
n self is a task requiring evaluative processes (Klein et al.,
002; Levine et al., 1999; Wilson and Dunn, 2004), initially
erformed with a first-person perspective. However, when
ngaged in reflective processing on the self, a third-person
erspective (looking at ourselves through the eyes of oth-
rs) may be especially useful to update our beliefs on our
wn personality (Wilson and Dunn, 2004). In other words,
nformation issued from a third-person perspective reasoning
n the self may critically participate to the first-person per-
pective reflection on the self and then to the self-judgment
Gambini et al., 2004; Marcel et al., 2004). The third-person
erspective is a constructive process of inferring, related to
heory of mind (TOM) or mentalizing (Frith and Frith, 2003).
hus, our hypothesis is that awareness of a “correct/wrong”

udgment on the self requires the ability to take into account
ssess self-personality: What’s modified in Alzheimer’s disease?,

he perspective of other persons on the self. A patient, in order
o assess himself as “rude” for example certainly needs to be
ble to infer the mind of other persons. Indeed, the adjective
rude” in itself refers to the (embarrassed) reaction you may

dx.doi.org/10.1016/j.neurobiolaging.2007.12.014


 INNBA-7002; No. of Pages 15

gy of A

i
p
s
(
A
(
t
n
a

i
i
c
2
a
d
f
n
a
i
s
r
b
a
p
i
c
i
p
p
r
b
f
a

2

2

A
(
h
6
g
4
o
2
t
t
i
a
w
p
(

i
l
c
o
i
t
l
c
s
a
(
(
i
f
f
w
t
t
n
r
w
a
e
(
w
(
1
a
p
c
s
a
t
E
v
e

2

w
o
a
e
p
p
u
c
s
t
a
(

ARTICLE
P. Ruby et al. / Neurobiolo

nduce in other persons when acting or speaking. Hence, if a
atient cannot infer anymore the mind of others, this neces-
arily prevents him from realizing that his behavior is “rude”
i.e. provoke embarrassment in others). TOM is impaired in
D patients, possibly be due to various cognitive deficits

Cuerva et al., 2001; Gregory et al., 2002), and impaired
hird-person perspective taking may participate in anosog-
osia for self-personality change in AD patients (Salmon et
l., 2005b).

To recapitulate, the hypothesis investigated in this study
s that anosognosia for behavioral and personality changes
n AD originates both in loss of controlled memory pro-
esses and in perspective taking deficits (Salmon et al.,
006, 2005a,b). Accordingly, our experiment was designed to
ssess first- and third-person perspective taking ability in AD
uring self and other personality trait attribution and to look
or their cerebral correlates using functional magnetic reso-
ance imaging (fMRI). The report of a close relative was used
s a reference to measure “performance” (congruency scores)
n first- and third-person perspective conditions. We hypothe-
ized that due to episodic memory deficit, AD patients would
ely on familiarity-related more than on recollection-related
rain regions for self-personality traits evaluation (Klein et
l., 2003; Rankin et al., 2005). We also anticipated that AD
articipants would demonstrate third-person perspective tak-
ng impairment in personality assessment and we predicted
hanges in prefrontal activation (associated with modified
nferring processes) during perspective taking in AD com-
ared to healthy controls. This prediction was based on
revious works concerning memory tasks in AD patients,
eporting that executive dysfunction in AD could lead to
oth decreased recruitment and increased activation in dif-
erent executive networks (Backman et al., 1999; Becker et
l., 1996; Prvulovic et al., 2005).

. Materials and methods

.1. Participants

Data were acquired from a group of 14 patients with mild
D (7 women; mean age 78 ± 4 years) and their relatives

8 husbands/spouses and 6 children), and a group of 17 right-
anded elderly control (EC) subjects (13 women; mean age
7 ± 4 years, significantly different from mean age of the AD
roup, p < 0.001) and their relatives (10 husbands/spouses,
children, 3 friends). We also included data from a group

f 17 young control (YC) subjects (11 women; mean age
3 ± 3 years) and their friends (D’Argembeau et al., 2007),
o reveal the full brain network activated by the experimen-
al task in young healthy subjects and to show that changes
n AD do not simply correspond to an accentuation of the
Please cite this article in press as: Ruby, P., et al., Perspective taking to a
Neurobiol Aging (2008), doi:10.1016/j.neurobiolaging.2007.12.014

geing process. Patients with a diagnosis of probable AD
ere recruited in the Memory Clinic of the University Hos-
ital in Liège. They all fulfilled international clinical criteria
McKhann et al., 1984). The diagnosis was based on a clinical
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nterview with the patient and a caregiver, and on neuro-
ogical and neuropsychological examinations. For exclusion
riteria, clinical history, general medical examination, lab-
ratory results and structural neuroimaging had been taken
nto account. Main exclusion criteria were mental retarda-
ion, less than 4 years of education, brain trauma, brain
esion (mild degree of leukoaraiosis was accepted), epilepsy,
ancer, depression, any major systemic disease or any sub-
tance abuse. All patients had impaired episodic memory,
s assessed by the free and cued selective reminding test
Grober et al., 1988) and the California verbal learning test
Delis et al., 1987), but the standard (3 h) neuropsycholog-
cal assessment in the Memory Clinic did not include tests
or autobiographical memory nor data on recollection versus
amiliarity processes during memory retrieval. AD patients
ere in a mild stage of the disease, with a clinical demen-

ia rating score of 1 at inclusion (Hughes et al., 1982) and
hey all received an acetylcholinesterase inhibitor. They did
ot have contraindications for MRI and they were able to
ead capital letters of a newspaper at a distance of 50 cm
ithout spectacles. Elderly subjects were recruited via poster

nnouncement in a third age club in Liège. All patients and
lderly controls were assessed with the dementia rating scale
Mattis, 1976) after the fMRI session and the performance
as significantly lower (t-test with p < 0.001) in AD patients

mean score 124 ± 5, range 113–135) than in EC (mean score
42 ± 1, range 139–144). Young participants were recruited
mong the students of the University of Liège. None of the
articipants in the control groups had any relevant medi-
al history or used any centrally acting medication. Control
ubjects were paid for their participation. All participants
nd their representative gave written informed consent prior
o their inclusion in the study, which was approved by the
thics Committee of the Faculty of Medicine of the Uni-
ersity of Liège and was performed in accordance with the
thical standards described in the Helsinki declaration.

.2. Task description

Patients and control subjects participated in the study
ith someone they personally knew well (a close relative
r friend). All subjects were asked to make personality
ssessments concerning themselves or their relative, taking
ither their own or their relative’s perspective. Hence, the
erspective taken by the participants (first- or third-person
erspective) and the target person (self or other) were manip-
lated according to a 2 × 2 factorial design, resulting in four
onditions: taking a first-person perspective when judging
elf-personality (1P Self), taking a first-person perspec-
ive when judging relative’s personality (1P Other), taking

third-person perspective when judging self-personality
3P Self) and taking a third-person perspective when judging
ssess self-personality: What’s modified in Alzheimer’s disease?,

elative’s personality (3P Other).
For a didactic purpose in the description of the task, let us

all the subject tested “Nicolas” and his relative “Caroline”,
o that in the example, the questions are addressed to Nico-

dx.doi.org/10.1016/j.neurobiolaging.2007.12.014
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as. The 1P Self condition required Nicolas to evaluate the
xtent to which the adjectives described his own personality
e.g., “Are you sociable?”), whereas the 1P Other condition
equired Nicolas to evaluate the extent to which the adjectives
escribed the personality of Caroline (e.g., “Is Caroline socia-
le?”). Both these conditions therefore required participants
o express their own opinion when making their judgments.
y contrast, in the 3P Self and 3P Other conditions, partic-

pants were asked to take a third-person perspective, i.e. to
put themselves in the shoes of their relative” in order to
stimate how the relative would assess his/her own and the
articipant’s personality. Specifically, the 3P Self condition
equired Nicolas to evaluate how Caroline perceives his per-
onality (e.g., “According to Caroline, are you sociable?”).
n the 3P Other condition, Nicolas evaluated how Caroline
erceives her own personality (e.g., “According to Caroline,
s Caroline sociable?”).

The same set of 40 trait adjectives was used in all
our conditions. These adjectives were selected from those
sed in previous studies of self-referential personality
udgments (Klein et al., 1996) and were translated into
rench (poli, énergique, brillant, raffiné, timide, élégant,

olérant, honnête, irresponsable, sociable, ennuyeux, dévoué,
imable, logique, audacieux, agressif, ambitieux, ingrat,
avard, drôle, imaginatif, impatient, sensible, entêté, triste,
ffectueux, observateur, modeste, sympathique, attentionné,
incère, séduisant, faible, assuré, organisé, curieux, réfléchi,

´goı̈ste, doux, économe). The four conditions were presented
n a single session, using a block design. There were 10 blocks
er condition. Each block consisted of four trials lasting 5 s
ach; thus, each block lasted 20 s. In each trial, an adjec-
ive was presented for 5 s, during which the participants were
equired to make their judgment, by pressing one of four but-
ons (1 = not at all, 2 = a little, 3 = quite well, 4 = completely).
he instruction appeared on the screen 3 s before the start of
ach block, to inform participants about the type of judgment
hey had to make for the adjectives presented subsequently
1P Self: “You are”; 1P Other: “X is”; 3P Self: “According
o X, you are”; 3P Other: “According to X, s/he is,” where
X” was replaced by the first name of the selected friend or
elative); then, the four adjectives were presented sequentially
elow this instruction, which remained on the screen for the
ntire duration of the block. The four possible answers were
isplayed below the adjective and remained on the screen also
or the entire duration of the block. Blocks were separated by
variable interval of 7–12 s, during which participants pas-

ively viewed a fixation cross that was used as a baseline.
our different orders for the presentation of the conditions
as generated (A = 1P Other, 1P Self, 3P Other, 3P Self;
= 1P Self, 1P Other, 3P Self, 3P Other; C = 3P Other,

P Other, 3P Self, 1P Self; D = 3P Self, 1P Other, 3P Other,
P Self), and this order was repeated 10 times throughout the
Please cite this article in press as: Ruby, P., et al., Perspective taking to a
Neurobiol Aging (2008), doi:10.1016/j.neurobiolaging.2007.12.014

canning session. Each order of condition presentation was
qually represented in each group of subjects and the order of
djectives presentation within each condition was randomly
odified between subjects of a group. Between subjects par-
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ial randomization and random effect analysis of data allowed
o avoid any sequential influence of one condition on an other.

Participants performed the judgment tasks either while in
he fMRI scanner or out of the scanner. In the YC group sub-
ects and relatives performed the tasks in the fMRI scanner.
n the EC group all subjects and three relatives performed
he tasks in the scanner and in the AD group none of the
elatives provided their judgment in the scanner. The proce-
ure was exactly the same for the relatives who answered
ut of the scanner and for the fMRI participants. The rel-
tives were installed alone in a quiet room, and a laptop
isplayed the questions via the matlab code used in the fMRI
canner (so that even the delays between conditions were
atched for “behavioral” and “fMRI” participants). They

ndicated their answers pushing one of four dedicated keys
f the keyboard. The order of conditions presentation and of
djectives within each condition was the same for any dyad
ubject–relative. Most relatives answered the questionnaire
y their own, except for some elderly relatives, with impaired
nger mobility. In that case, one experimenter stayed in the
oom and pushed the keys according to the oral answer of
he person. Practice trials were performed before the scan-
ing/behavioral session in order to familiarize participants
ith the four types of judgments.

.3. Analysis of the behavioral results

For each scanned subject several congruency scores were
alculated to assess agreement between subjects and their
elative. Such a methodology (comparing self and other
n various judgments to highlight abilities and inabilities
n self and social knowledge) was introduced into main-
tream psychological literature by Klein and colleagues, who
idely used it to assess knowledge of self in control popu-

ations and demonstrated that the methodology is adequate
n patients (Klein et al., 2003, 1996, 2002). Congruency
cores revealed the percentage of matching answers, out of
0, between the subject and his/her relative. To decrease the
mportance of judgment nuances in the scores, we reduced
he number of possible answers to two, combining “not at
ll” and “a little” as negative answers and “quite well” and
completely” as positive answers. The congruency scores
resented below were compared between groups with a non
arametric Mann–Whitney test.

.3.1. Third-person perspective congruency score
A third-person perspective congruency score when the tar-

et person is the relative measured the level of congruency
etween answers of the subject in 3P Other condition (Nico-
as is asked “According to Caroline, is Caroline sociable?”)
nd answers of the relative in 1P Self (Caroline is asked “Are
ou sociable?”). A third-person perspective congruency score
ssess self-personality: What’s modified in Alzheimer’s disease?,

hen the target person is the self measured the level of con-
ruency between answers of the subject in 3P Self condition
Nicolas is asked “According to Caroline, are you sociable?”)
nd answers of the relative in 1P Other (Caroline is asked “Is

dx.doi.org/10.1016/j.neurobiolaging.2007.12.014
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icolas sociable?”). In order to have a global measure of the
hird-person perspective ability of the subjects, the mean of
P congruency score on other and 3P congruency score on
elf was computed.

.3.2. Personality awareness score
“Self” personality awareness score measured the aware-

ess that the subject had of his own personality using the
eport of the relative as reference. It contrasted the answers
f the subject in 1P Self (Nicolas is asked “Are you socia-
le?”) with the answers of the relative in 1P Other (Caroline
s asked “Is Nicolas sociable?”). “Other” personality aware-
ess score measured the awareness that the subject had of the
ersonality of his/her relative. It contrasted the answers of the
ubject in 1P Other (Nicolas is asked “Is Caroline sociable?”)
ith the answers of the relative in 1P Self (Caroline is asked

Are you sociable?”). In order to have a global measure of
he personality awareness of the subjects, the mean of “self”
nd “other” personality awareness scores was computed.

.3.3. Self-judgment “accuracy” score (irrespective of
he perspective taken)

A mean of the third-person perspective congruency score
n self and the self-personality awareness score was used as
global score assessing self-judgment accuracy (irrespective
f the perspective taken).

.4. MRI acquisition

Data were acquired on a 3 T scanner (Siemens,
llegra, Erlangen, Germany) using a T2* sensi-

ive gradient echo EPI sequence (TR = 2130 ms,
E = 40 ms, FA 90◦, matrix size 64 × 64 × 32, voxel
ize 3.4 mm × 3.4 mm × 3.4 mm). Thirty-two 3-mm thick
ransverse slices (FOV 22 cm × 22 cm) were acquired,
ith a distance factor of 30%, covering the whole brain.
tructural images were obtained using a T1-weighted 3D
P-RAGE sequence (TR = 1960 ms, TE = 4.4 ms, FOV

3 cm × 23 cm, matrix size 256 × 256 × 176, voxel size
.9 mm × 0.9 mm × 0.9 mm). In each session, between 629
nd 650 functional volumes were obtained. The first three
olumes were discarded to account for T1 saturation. Head
ovement was minimized by restraining the subject’s head

sing a vacuum cushion. Stimuli were displayed on a screen
ositioned at the rear of the scanner, which the subject could
omfortably see through a mirror mounted on the standard
ead coil.

.5. MRI analyses

Data were preprocessed and analyzed using SPM2 soft-
are (Wellcome Department of Imaging Neuroscience,
Please cite this article in press as: Ruby, P., et al., Perspective taking to a
Neurobiol Aging (2008), doi:10.1016/j.neurobiolaging.2007.12.014

ttp//www.fil.ion.ucl.ac.uk/spm) implemented in MATLAB
Mathworks Inc., Sherborn, MA). Functional scans were
ealigned using iterative rigid body transformations that min-
mize the residual sum of squares between the first and
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ubsequent images. They were normalized to the MNI EPI
emplate (voxel size: 2 mm × 2 mm × 2 mm) and spatially
moothed with a Gaussian kernel with full-width at half max-
mum (FWHM) of 8 mm.

For each participant, brain responses were estimated at
ach voxel, using a general linear model with block regres-
ors. Block regressors looked for brain activity separately
or the 1P Self, 1P Other, 3P Self and 3P Other conditions.
or each condition, blocks pertained to the period from the
ppearance of the first adjective to the disappearance of the
ast adjective; therefore, the duration of each block was 20 s.
oxcar functions representative of these block conditions
ere convolved with the canonical hemodynamic response.
he design matrix also included the realignment parame-

ers to account for any residual movement-related effect. A
igh pass filter was implemented using a cut-off period of
28 s in order to remove the low-frequency drifts from the
ime series. Serial autocorrelations were estimated with a
estricted maximum likelihood algorithm with an autoregres-
ive model of order 1 (+ white noise). The contrasts of interest
ere the main effect of self as judgment target [self vs. other:

1P Self + 3P Self)–(1P Other + 3P Other)]; the main effect
f judgment from a third-person perspective [third-person
s. first-person: (3P Self + 3P Other)–(1P Self + 1P Other)];
he specific effect of third-person perspective on self
(3P Self–3P Other)–(1P Self–1P Other)]. The resulting set
f voxel values constituted a map of t statistics [SPM{T}].
he contrast images were further smoothed (6-mm FWHM
aussian kernel) to accommodate to interindividual vari-

bility in brain anatomy. Contrasts were then entered in a
econd-level analysis, corresponding to an ANOVA model to
ook for the effect within and between groups, controlling
or non-sphericity of the variances. One-sample and two-
ample t-tests assessed the significance of the effects within
nd between groups respectively. Since age differed between
D patients and elderly controls, we checked that its intro-
uction as a confounding covariate did not modify the results.
he results of the two-sample t tests EC > AD and AD > EC

and YC > EC for completeness) were masked by the effect in
he EC, AD and YC group respectively. For example, mask-
ng EC > AD by EC enabled us to consider differences only
n the brain regions where an activation was detected in EC.
he resulting SPM{T} maps were thresholded at P < .001.
s a rule, statistical inferences were performed with a small
olume correction at the voxel level (P < .05). The small vol-
me was defined as a10-mm radius sphere around a published
oordinates in a brain area predicted to be involved in a given
ontrast.

Finally, correlations between “congruency scores” and
rain activation were searched for, but we did not obtain any
ignificant result (probably due to our small samples).
ssess self-personality: What’s modified in Alzheimer’s disease?,

.6. A priori locations of interest

Predictions were made according to previous reports on
ersonality traits assessments, perspective taking, autobi-

dx.doi.org/10.1016/j.neurobiolaging.2007.12.014
http//www.fil.ion.ucl.ac.uk/spm
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Fig. 1. Median of third-person perspective accuracy score, revealing the
percentage of correct prediction of the relative’s answers, in young (YC)
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graphical memory and familiarity-based (noetic) versus
ecollective (autonoetic) retrieval. As a consequence, regions
f interest for data analysis were selected on the basis of
he activations foci reported in these studies. All stereotactic
oordinates refer to the MNI space (published coordinates
hat referred to the atlas space of Talairach and Tournoux
ere transformed to the MNI space). The a priori locations
f interest (x, y, z) for self-referential processing were the
ollowing: (2, 54, 4) in the ventromedial prefrontal cortex
D’Argembeau et al., 2005; Johnson et al., 2002; Kelley et al.,
002; Schmitz et al., 2004); (6, 34, 4) in the anterior cingulate
ortex (Craik, 1999); (−4, 18, −10) in the subgenual cortex
Schmitz et al., 2004); (−16, 40, 32 and 10, 50, 20) in the
orsomedial prefrontal (Fossati et al., 2003); (−12, 40,42) in
he superior frontal sulcus (Ochsner et al., 2005); (−26, −51,
0) in the intraparietal sulcus (IPS) (Kircher et al., 2000); (2,
60, 16) in the precuneus (Schmitz et al., 2004). Concerning

amiliarity and recollection-based processes, we respectively
elected (−30, −60, 36 and 39, −51, 36) in the intraparietal
ulcus (Henson et al., 1999; Maril et al., 2003; Yonelinas et al.,
005); (−52, −48, 40) in the inferior parietal (Henson et al.,
999). For recollection of autobiographical events, we also
elected (−14, −10, −16) in the hippocampus (Viard et al.,
007). Concerning perspective-taking, we selected (−4, 12,
6) in the dorsomedial prefrontal cortex (Ruby and Decety,
001, 2003); (50, −58, 30 and −58, −58, 28) in the inferior
arietal lobe (Ruby and Decety, 2001, 2004); (−10, −62,
8) in the precuneus (Ruby and Decety, 2001); (−57, 26,
9) in the inferior frontal gyrus (Vogeley et al., 2001); (−30,
3, 56) in the middle frontal gyrus (Vogeley et al., 2004);

−24, 50, −6) in the lateral orbitofrontal cortex (Rubia et al.,
003); (2, −80, 6 and −20, −88, −6) in the lingual gyrus
Ochsner et al., 2005, 2004). Note that most regions would
elong to a core brain network subserving diverse forms of
elf-projection, such as self-evaluation and conceiving the
iewpoint of others (Buckner and Carroll, 2007).

. Results

.1. Behavioral results

For the third-person perspective congruency score
subject’s third-person assessment compared to the rel-
tive’s judgment, concerning the subject and the rel-
tive), Mann–Whitney test revealed no significant dif-
erence (p = .30) between the two control groups (YC:
edian score = 53%, min = 45%, max = 65%; EC: median

core = 51%, min = 37%, max = 65%) and a significant
ifference between the AD group (median score = 44%,
in = 31%, max = 57%) and the elderly control group

median (EC) score > median(AD) score, p = .03; see Fig. 1).
Please cite this article in press as: Ruby, P., et al., Perspective taking to a
Neurobiol Aging (2008), doi:10.1016/j.neurobiolaging.2007.12.014

For the personality awareness score (subject’s first-
erson assessment compared to the relative’s assessment,
rrespective of the target), Mann–Whitney test revealed
o significant difference between groups (AD: median

t
(
o
t

he AD group the subject–relative congruency is significantly lower than in
he elderly control group suggesting that AD patients make more mistakes
n relatives’ answers prediction than elderly control subjects.

core = 46%, min = 27%, max = 62%; EC: median
core = 51%, min = 39%, max = 57%; YC: median
core = 49%, min = 40%, max = 57%). This result showed
hat AD patients were able to perform the task, without

ore first-person perspective errors than elderly controls.
ote that the self-personality awareness score alone was not

ignificantly lower in AD patients than in elderly controls
AD: median score = 44%; min = 22%; max = 57%; EC:
edian score = 50%; min = 25%; max = 60%, p > .05).
For the self-judgment “accuracy” score (subject’s assess-

ent of self, compared to the relative’s judgment, irrespective
f the perspective taken), Mann–Whitney test revealed no sig-
ificant difference (p = .44) between the two control groups
YC: median score = 52%, min = 36%, max = 61%; EC:
edian score = 49%, min = 37%, max = 65%) and a signifi-

ant difference between the AD group (median score = 44%;
in = 27%; max = 56%) and the elderly control groups

median (EC) score > median (AD) score, p = .04).

.2. fMRI results

.2.1. Main effect of the target person: self versus other
see Fig. 2)
.2.1.1. Young healthy controls. Data on young volunteers
re reported in detail elsewhere (Fig. 2, D’Argembeau et
l., 2007) but they were included (1) to show the global
erebral network activated by the task and (2) to demon-
trate that differences between AD and EC were not due
o an accelerated ageing effect. When the target person
f the personality judgement was the self as opposed to
he relative, irrespective of the perspective used to judge
(1P Self + 3P Self)–(1P Other + 3P Other)], a large activa-
ssess self-personality: What’s modified in Alzheimer’s disease?,

ion cluster was observed in the medial prefrontal cortex
MPFC), which encompassed the dorsal and ventral portions
f the medial prefrontal cortex and the anterior cingulate cor-
ex. This contrast also yielded significant activation in the

dx.doi.org/10.1016/j.neurobiolaging.2007.12.014
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Fig. 2. “Glass brain” presentation of activation during self (vs. other)

uperior frontal sulcus, the precuneus and the inferior parietal
obe (see Table 1 and D’Argembeau et al., 2007).

.2.1.2. Elderly healthy controls. In this group the main
ffect of self versus other resulted in significant effects in the
entromedial and the anterior dorsomedial prefrontal cortex
see Table 1).
Please cite this article in press as: Ruby, P., et al., Perspective taking to a
Neurobiol Aging (2008), doi:10.1016/j.neurobiolaging.2007.12.014

.2.1.3. Alzheimer patients. When AD patients assessed
heir own (vs. their relative’s) personality whatever the
erspective, significant activations were detected in the intra-
arietal sulcus in both hemispheres (see Table 1).

v
3
r
t

able 1
ain effect of the target person, self vs. other [(1P Self + 3P Self)–(1P Other + 3P

rain regions Young controls Elderly con

x y z Z x y

MPFC −2 52 12 (5.53) −6 5
CC 0 38 0 (4.85) 0 3
ubgenual cortex 4 2
MPFC −8 44 28 (4.17)a −8 4

2 52 16 (5.40)
F sulcus −22 40 42 (3.80)
recuneus 2 −68 22 (3.41)a

P sulcus

PL −52 −54 36 (3.47)

ignificant threshold P < .05 after correction for multiple comparisons (see Section 2
ortex; ACC = anterior cingulate cortex; DMPFC = dorsomedial prefrontal cortex;
nd z in MNI space (x negative is left sided).
a Significantly more activated than in elderly controls.
b More activated in elderly controls than in AD patients.
ent of adjectives in the three groups. SPM are displayed at p < .001.

.2.1.4. Between groups comparisons. In comparison to EC,
C showed significantly more activation in the dorsomedial
refrontal cortex (DMPFC) and in the precuneus, while AD
atients had more activation in the intraparietal sulcus (see
able 1 and Fig. 3) than EC. The DMPFC was more activated

n EC than in AD patients.

.2.2. Main effect of perspective taking: third-person
ssess self-personality: What’s modified in Alzheimer’s disease?,

ersus first-person (see Fig. 4)
.2.2.1. Young healthy controls. When subjects took their
elative’s perspective versus their own, irrespective of the
arget person [(3P Self + 3P Other)–(1P Self + 1P Other)],

Other)]

trols AD patients

z Z x y z Z

0 8 (3.36)
4 −4 (3.47)
2 −6 (4.16)
2 30 (3.26)b

−22 −66 40 (3.48)a

−26 −50 42 (3.170a

40 −48 38 (3.53)

for details on small volume correction). VMPFC = ventromedial prefrontal
SF = superior frontal; IP = intraparietal; IPL = inferior parietal lobule; x, y

dx.doi.org/10.1016/j.neurobiolaging.2007.12.014
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Fig. 3. Transverse and coronal sections of the brain showing a cluster in the intraparietal sulcus which is significantly more activated in the AD group than
in the EC group for the main effect “self vs. other”. The focus of activation is displayed at p < .001 on the mean MRI structural image of the AD patients.
1 er; 3Ps
M

s
p
t
g

3

PS = first-person perspective on self; 1Po = first-person perspective on oth
ean parameter estimates are presented with standard deviation.

ignificant prefrontal activations were detected in the left
Please cite this article in press as: Ruby, P., et al., Perspective taking to a
Neurobiol Aging (2008), doi:10.1016/j.neurobiolaging.2007.12.014

osterior DMPFC. This contrast also yielded activation in
he inferior parietal lobe, in the precuneus and in the lingual
yrus (Fig. 4) (see Table 2 and D’Argembeau et al., 2007).

e
s
T

Fig. 4. “Glass brain” presentation of activation during third (vs. first) perso
= third-person perspective on self; 3Po = third-person perspective on other.

.2.2.2. Elderly healthy controls. In this group the main
ssess self-personality: What’s modified in Alzheimer’s disease?,

ffect of third- versus first- person perspective resulted in
ignificant activation in the lingual gyrus bilaterally (see
able 2).

n perspective taking in the three groups. SPM displayed at p < .001.

dx.doi.org/10.1016/j.neurobiolaging.2007.12.014
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Table 2
Main effect of perspective taking, third-person vs. first-person [(3P Self + 3P Other)–(1P Self + 1P Other)]

Brain regions Young controls Elderly controls AD patients

x y z Z x y z Z x y z Z

Lingual gyrus −14 −86 −2 (6.61)a 8 −84 −4 (5.83)
2 −88 0 (5.56) −6 −82 −10 (5.46)

IPL −62 −60 26 (3.98)
Precuneus −4 −66 40 (3.17)
DMPFC −10 14 60 (3.88)a 4 18 72 (3.54)a

OFC −24 46 −8 (4.55)a

Significant threshold P < .05 after correction for multiple comparisons (see Section 2 for details on small volume correction). IPL = inferior parietal lobule;
D = infer
n

ts did n

3
t
fi
s
o
T

3
Y
a
c
o
a
a

3
p

c
j
(
d
s

F
t
A

MPFC = dorsomedial prefrontal cortex; MFG = middle frontal gyrus; IFG
egative is left sided).
a Significantly more activated than in elderly controls (the inverse contras

.2.2.3. Alzheimer patients. When AD patients tried to put
hemselves in the shoes of their relative (vs. taking a
rst-person perspective) whatever the target person judged,
ignificant activations were detected in the posterior part
f the DMPFC and in the lateral orbitofrontal cortex (see
able 2).

.2.2.4. Between groups comparisons. In comparison to EC,
C showed significantly more activation in the lingual gyrus

nd in the posterior part of the DMPFC, while AD patients, by
Please cite this article in press as: Ruby, P., et al., Perspective taking to a
Neurobiol Aging (2008), doi:10.1016/j.neurobiolaging.2007.12.014

omparison to EC, had more activation in the posterior part
f the DMPFC and in the orbitofrontal cortex (see Table 2
nd Fig. 5). No regions were found to be significantly more
ctivated in EC than in YC or AD.

4

l

ig. 5. Transverse and coronal sections of the brain showing a cluster in the orbitof
he EC group for the main effect “third- vs. first-person perspective”. The focus of
D patients. Mean parameter estimates are presented with standard deviation.
ior frontal gyrus; OFC = orbitofrontal cortex; x, y and z in MNI space (x

ot show any significant result).

.2.3. Interaction between perspective taking and target
erson

A trend in DMPFC activation was observed in young
ontrols, this region being the more activated when the sub-
ect took a third-person perspective on the self-personality
D’Argembeau et al., 2007). No significant result was
etected for the interaction contrast in the EC and AD group,
o that interaction will not be further discussed in this report.
ssess self-personality: What’s modified in Alzheimer’s disease?,

. Discussion

In this fMRI study, we investigated the cerebral corre-
ates of self-processing and perspective taking abilities in

rontal cortex which is significantly more activated in the AD group than in
activation is displayed at p < .001 on the mean MRI structural image of our

dx.doi.org/10.1016/j.neurobiolaging.2007.12.014
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D patients using a paradigm of personality assessment. We
sed congruency scores between responses of patients and
elatives to assess behavioral “performance”. Patients did not
emonstrate significant decrease in global (i.e. own and rel-
tive’s) personality awareness (demonstrating that they were
s good as controls at performing the task), but they were
mpaired in third-person perspective taking (irrespective of
he target, i.e. self or relative) and in self-judgment “accuracy”
irrespective of the perspective, i.e. first- or third-person per-
pective on self). These behavioral results were paralleled by
unctional cerebral modifications in AD patients. For self (vs.
ther) personality judgment, AD patients relied more than
ealthy controls on the intraparietal sulcus. In addition, when
hey took the perspective of their relative (vs. their own), AD
atients recruited the posterior dorsomedial prefrontal cortex
nd the orbitofrontal cortex to a greater extent than elderly
ontrols (but similarly to young volunteers). The comparisons
etween young and elderly healthy subjects demonstrated
hat the regional differences between AD and elderly con-
rols did not simply correspond to an accentuation of the
ifferences already observed in normal aging.

This study thus evidences behavioral and neurophysio-
ogical differences between AD and healthy elderly subjects,
or self-personality assessment and third-person perspective
aking. These results will be interpreted according to the lit-
rature on the cerebral correlates of memory and evaluative
easoning in healthy subjects. In order to clarify the dis-
ussion, the subject will be named Nicolas and his relative
aroline in the following paragraphs (see Section 1).

.1. The impact of aging on the task

No significant differences in behavioral performance were
ound between young and elderly groups, and both groups
ecruited ventromedial prefrontal regions for self-assessment
Gutchess et al., 2007). However, some differences in brain
ctivations were found between these two groups for both
elf (vs. other) personality judgement and third-person (vs.
rst-person) perspective taking. Such modified brain activ-

ty subserving similar performance may reveal different but
qually efficient strategies to resolve the tasks in the young
nd the elderly subjects. Anterior DMPFC and precuneus
ere more activated in YC than in EC for self (vs. other) per-

onality assessment. The regions are known to be involved
n reflection processing (such as inductive reasoning) and

emory retrieval respectively (Cavanna and Trimble, 2006;
’Argembeau et al., 2005; Goel et al., 1997; Ries et al., 2006).
or third-person perspective taking, YC activated more the

ingual gyrus and the posterior DMPFC than elderly sub-
ects. These regions could be respectively associated with a

ore vivid visual imagery in relation to episodic memory
etrieval during the task (Greenberg and Rubin, 2003) and
Please cite this article in press as: Ruby, P., et al., Perspective taking to a
Neurobiol Aging (2008), doi:10.1016/j.neurobiolaging.2007.12.014

ith inferring mental state of others (Calarge et al., 2003;
itchell et al., 2004). Overall, these findings suggest that

oung students may rely more on episodic memory retrieval
nd inferring than elderly subjects to perform the task. In

a
t
w
m
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oung subjects, representations of their own and their rela-
ive’s personality might not be as well established as in older
dults that have spend many years of common life. Due to
heir well established knowledge of their relative’s personal-
ty and their confidence in this knowledge, elderly controls
ould recruit less reasoning processes than young subjects

o answer the questions. A further explanation is that recol-
ective processes are more readily available in young than in
lderly volunteers (Bastin and Van der Linden, 2003; Hay and
acoby, 1999; Parkin and Walter, 1992; Prull et al., 2006).

.2. Self-personality representation in AD

Although self-awareness scores (assessed as congruency
etween patient and relative assessment about patient’s
ersonality, i.e. Nicolas’s versus Caroline’s first-person per-
pective on Nicolas’ personality) were somewhat lower in the
D group than in controls, this decrease did not reach sig-
ificance. Previous reports showed a global preservation of
elf-personality awareness in AD patients, but unequal level
f assessment accuracy depending on the facet of personal-
ty tested (Rankin et al., 2005). As we tested many facets of
he self when presenting 40 different personality trait adjec-
ives, mixed congruent (i.e. “accurate”) and divergent (i.e.
inaccurate”) answers between AD patients and their rela-
ives might explain lack of significantly decreased score in
he AD group. However, it cannot be concluded from this
ack of discrepancy between patient’s and relative’s (first-
erson perspective) assessment about patient’s personality
hat awareness of self-personality is not impaired in AD
atients. Indeed, the self-judgment “accuracy” score (mean
f patient’s first- and third-person perspective about the self
ompared to relative’s assessment about patient’s personal-
ty) showed that AD patients assessed their own personality
ess accurately than healthy subjects.

This diminution of self-judgment “accuracy” was asso-
iated with modifications of brain activation in mild stage
D patients in comparison to healthy subjects. When assess-

ng self (vs. other) relevance of personality traits adjectives
irrespective of the perspective taken), AD patients mainly
ctivated intraparietal areas while elderly volunteers essen-
ially recruited VMPFC (Table 1). The main activation found
n EC is in agreement with previous results of neuroimag-
ng studies investigating self-processing in young healthy
ubjects. The VMPFC was indeed frequently involved in
elf-personality assessment in groups of young volunteers
D’Argembeau et al., 2005; Kelley et al., 2002) and this
egion was also detected during personal events recollection
Svoboda et al., 2006; Yonelinas et al., 2005) and evalua-
ive reasoning (Christoff et al., 2001; Goel et al., 1995; Ruby
nd Legrand, 2008; Zysset et al., 2002). In our AD patients,
ssessment of self-relevance was accompanied by bilateral
ssess self-personality: What’s modified in Alzheimer’s disease?,

ctivation around the intraparietal sulcus. Due to their charac-
eristic episodic memory impairments (Piolino et al., 2003),
e hypothesized that AD patients would rely on semantic
ore than on episodic personal (and general) information to

dx.doi.org/10.1016/j.neurobiolaging.2007.12.014
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rovide judgment on self-personality. Our results fit well with
his prediction since the intraparietal sulci was previously
nvolved in self-processing (Kircher et al., 2000; Ochsner
t al., 2005) and was activated for familiarity-based judg-
ents during recognition tasks (Klein et al., 2003; Wagner et

l., 2005). This hypothesis also fits with the finding that the
nterior DMPFC was more activated in elderly controls than
n AD patients, suggesting that elderly controls used more
eflective, recollective and evaluative processes than AD sub-
ects to perform the task (D’Argembeau et al., 2005; Dobbins
t al., 2003; Zysset et al., 2002). In summary, we suggest
hat IPS activation during self-personality assessment in AD
s associated with familiarity-based retrieval of old personal
emantic information.

.3. Third-person perspective taking in AD

Third-person perspective congruency scores (Nicolas’s
hird-person vs. Caroline’s first-person perspective on Caro-
ine’s personality) were lower in the AD patients group than
n elderly controls. This result is consistent with previously
eported impairment of theory of mind in AD (Gregory et al.,
002) and confirms a deficit in other’s mind representation in
hese patients even in the early stage of the disease. Perspec-
ive taking is a constructive process of inferring (Wilson and
unn, 2004) that recruits prefrontal regions (D’Argembeau

t al., 2007), and we anticipated that impaired mentalizing in
D would modify their frontal activation during the task. We

ould imagine either decrease or increase of activation com-
ared to controls, as previously reported in memory tasks
Backman et al., 1999; Becker et al., 1996; Prvulovic et al.,
005). When AD patients took the perspective of their relative
vs. their own), they recruited more than elderly controls the
osterior DMPFC and the lateral orbitofrontal cortex. The
osterior DMPFC was repeatedly involved in inferring the
ental states of others (Calarge et al., 2003; Mitchell et al.,

004; Ruby and Decety, 2004) and in top–down monitor-
ng (Levine et al., 2004). The lateral orbitofrontal cortex was
hown to be activated when subjects were engaged in tasks
equiring executive processing such as reasoning (Goel et
l., 1997) and when they took a “cognitive” third-person per-
pective (Hynes et al., 2006). Our proposal to explain the
referential recruitment of prefrontal regions in AD patients
ompared to elderly controls during third-person perspective
aking is the following: a solid and reliable knowledge of self
nd relative’s personality (thanks to many years of common
ife during which personality remained stable) might explain
diminished need in inferring and reasoning to predict the

elative’s answers in the EC group. When taking a third-
erson perspective, elderly volunteers would essentially rely
n well established representations of their relative, that can
e (partly) stored in ventral occipital areas (Ranganath et al.,
Please cite this article in press as: Ruby, P., et al., Perspective taking to a
Neurobiol Aging (2008), doi:10.1016/j.neurobiolaging.2007.12.014

004). Congruently, the lingual gyrus is known to be involved
n autobiographical memory retrieval, particularly for visual
magery components (Conway et al., 2002; Greenberg and
ubin, 2003). In contrast, AD patients, who suffer from

2
t
o
s
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emory impairment, may rely on inferring and monitor-
ng to answer third-person perspective questions. According
o our results, recruitment of frontal cortices in mild AD
atients would not be efficient to counterbalance memory
oss in all cases (because perspective taking is based on false
remises or because the cerebral network subserving per-
pective taking is impaired), and patient would not be able to
revent from making errors in third-person perspective tak-
ng on self (and other) personality. AD patients seem to rely
n familiarity-based judgments and non-updated (distorted)
emantic representations, especially for the self (Klein et al.,
003). Such inability to adequately select low-weight recent
emories (such as recent complaints of the relative about per-

onality changes) more than past (non-updated) memories on
elf-personality may be one of the reasons why perspective
aking, based on false premises, fails in AD patients. Such
nterpretation is congruent with a recent study (Mimura and
ano, 2006) that showed that AD patients, even if able to
onsider feedbacks online and modify their judgment accord-
ngly, failed to subsequently incorporate incidents of memory
ailure into generalized self-belief systems.

.4. How to explain anosognosia?

The patients included in this study had early memory
mpairment, however we know from the literature that mem-
ry deficits are not sufficient to explain anosognosia (Agnew
nd Morris, 1998). Our hypothesis is that perspective taking
eficits may participate in the inability of demented patients
o adequately process a mismatch between self and other
erspective on self abilities (Salmon et al., 2005b). We pro-
ose that, when an AD patient assesses his own personality
recruiting familiarity-based processes and IPS) in a way that
ontradicts his current behavior, only others’ reaction can tell
im that he is wrong. If the patient cannot correctly repre-
ent others’ reaction and mind, he may have little cue that
here is a mismatch. We know from the literature that when
arly AD patients are explicitly told by the experimenter
hat there is a mismatch, they may process it and correct
heir self-representation accordingly. However such correc-
ion lasts for a short period and is soon forgotten (Mimura
nd Yano, 2006). Hence as they cannot rely on episodic mem-
ry, patients may critically need the online representation of
ther’s mind about themselves to identify a mismatch and
o correct the self-representation accordingly. Interestingly
hird-person perspective deficits may explain why patients
ack awareness selectively for some type of personality trait
Rankin et al., 2005). Personality traits for which AD patients
ack self-awareness involve social emotions: patients signif-
cantly underestimated the degree to which they exhibited
nassured and submissive behaviors, and overestimated their
egree of extraversion (Rankin et al., 2005; Robert et al.,
ssess self-personality: What’s modified in Alzheimer’s disease?,

002). Since social emotion requires a third-person perspec-
ive on the self, i.e. the representation of the opinion of the
ther on the self (Takahashi et al., 2004), assessment of per-
onality trait referring to social emotion (such as boring,

dx.doi.org/10.1016/j.neurobiolaging.2007.12.014
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ngrateful, affectionate, selfish, polite in our experiment)
ight be particularly hampered by third-person perspective

aking deficits in AD.

.5. Methodological considerations and alternative
xplanations?

In our AD population, hemodynamic and metabolic abnor-
alities related to the neurodegenerative process could affect

he fMRI hemodynamic response. This is rarely addressed in
he literature, but a positive correlation was reported between
eft inferior frontal activation during a semantic task and local
trophy in AD patients (Johnson et al., 2000). Our structural
magnetic resonance imaging) images were used to localize
egional activation, but they were not adequate for measuring
trophy (due to relatively poor grey/white matter distinction),
nd we could not correct our results for regional loss of grey
atter in subregions of the cerebral cortex. Consequently, the
ain results observed in AD subjects (activation in the fundus

f the intraparietal sulci) might be overestimated compared to
ontrols. Moreover, one should be cautious when comparing
atients with elderly controls, since the neurovascular cou-
ling may differ between groups, and one cannot exclude an
nfluence of the cholinergic medication in AD patients.

Another way to interpret our results is to consider a
on-specific attentional recruitment during the tasks in AD.
ndeed, overactivated regions in the patients compared to
lderly controls (IPS for self vs. other; dorsomedial and
rbitolateral prefrontal cortex for third- vs. first-person per-
pective) all belong to the attentional networks (Chaminade
nd Fonlupt, 2003; Majerus et al., 2007) and especially to
he goal-directed attention network described by Corbetta
nd Shulman (2002). We may speculate that patients with
ild AD were especially motivated and willing to collabo-

ate in our study, which could explain an important attentional
ecruitment in AD patients during the task. This interpretation
ould also fit with results showing prefrontal cortex involve-
ent in the modulation of emotional judgment by cognition

n normal healthy subjects (Blair et al., 2007; Schaefer et al.,
003). It is to note however, that if our result are explained
y an increased attentional load in AD versus healthy elderly,
his “effort” is not sufficient for preventing errors in AD.

.6. Conclusion

In conclusion, this study demonstrated that early stage
D patients encounter a decrease in self-personality judg-
ent accuracy and perspective taking ability in addition

o their memory impairment. For self-processing, patients
ssentially activated the intraparietal sulcus, a region involved
n familiarity-based retrieval of information. The data are
n keeping with the idea that AD patients essentially rely
Please cite this article in press as: Ruby, P., et al., Perspective taking to a
Neurobiol Aging (2008), doi:10.1016/j.neurobiolaging.2007.12.014

n familiarity to provide self-judgment (Klein et al., 2003).
mpaired third-person perspective taking was accompanied
y an increase in prefrontal activity in AD, interpreted as a
ecruitment of inferring and monitoring more than memory
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rocesses during the task. Anosognosia for changes in self-
ersonality might derive from familiar judgments based on
ld semantic knowledge in the absence of retrieval of episodic
recently updated) information on self, and from an inability
o use third-person perspective for correcting self-evaluation.
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