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Who am 1? How do | look? Neural differences in
self-identity in anorexia nervosa
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Anorexia nervosa (AN) patients exhibit a disparity in their actual physical identity and their cognitive understanding of their physical identity. Functional
magnetic resonance imaging (fMRI) tasks have contributed to understanding the neural circuitry involved in processing identity in healthy individuals.
We hypothesized that women recovering from AN would show altered neural responses while thinking about their identity compared with healthy control
women. We compared brain activation using fMRI in 18 women recovering from anorexia (RAN) and 18 healthy control women (CON) using two
identity-appraisal tasks. These neuroimaging tasks were focused on separable components of identity: one consisted of adjectives related to social
activities and the other consisted of physical descriptive phrases about one’s appearance. Both tasks consisted of reading and responding to statements
with three different perspectives: Self, Friend and Reflected. In the comparisons of the RAN and CON subjects, we observed differences in fMRI
activation relating to self-knowledge (‘I am’, ‘I look’) and perspective-taking (‘I believe’, ‘Friend believes’) in the precuneus, two areas of the dorsal
anterior cingulate, and the left middle frontal gyrus. These data suggest that further exploration of neural components related to identity may improve

our understanding of the pathology of AN.
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INTRODUCTION

Anorexia nervosa (AN) is a psychiatric illness consisting of the main-
tenance of a low body weight, a fear of gaining weight, amenorrhea and
either a disturbance in the perception of one’s actual body weight or
shape or a denial of the seriousness of current low body weight
(American Psychiatric Association, 1994). The body-image disturbance
in AN has been most consistently observed as a cognitive-evaluative
dissatisfaction with body shape (Cash and Deagle, 1997; Skrzypek
et al, 2001). Stein and Corte (2003) proposed that body-image dis-
turbance is only one of a number of components related to identity
altered in AN. Identity can be defined as the stable but evolving set of
memory structures relating to one’s own experiences, and further dis-
sected into cognitive sets of specific self-knowledge relating to different
dimensions, frequently referred to as self-schemas, such as personality
traits and body image (Stein and Corte, 2007). Their work has
suggested that eating disorders are associated with the presence of
fewer self-schemas, more inter-related than separable self-schemas,
more negative self-schemas than positive and the presence of a fat
self-schema (Stein and Corte, 2007; Stein and Corte, 2008).

A number of other lines of evidence converge around the concepts
of self-knowledge deficits in anorexia. Alexithymia is a term that de-
scribes impairments in one’s self-knowledge regarding emotions
(Nemiah, 1977), and elevated levels of alexithymia have been found
in as many as 77% of AN patients (Bourke et al., 1992; Corcos et al,
2000). Low self-esteem has also been proposed to contribute to eating
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disorders (Silverstone, 1992; Vanderlinden et al., 2009) and has been
associated with the development of eating disorders (Button et al.,
1996). Tafarodi and Swann (1995) operationalized two components
of self-esteem, the self-competence component relating to the belief
that one can achieve things and the self-liking component related to
the feelings one has about whether one is a good person. Both meas-
ures are frequently low in AN patients, and the severity of illness has
been correlated with the self-competence component (Paterson et al.,
2007; Surgenor et al., 2007).

Finally, neuroscience results have begun to be reported from AN
subjects viewing their own image and thinking about their body image.
Several studies of body image in AN have reported differences in par-
ietal and occipital regions specific to the viewing of self-photographs
(Wagner et al, 2003; Sachdev et al, 2008; Vocks et al, 2011).
Friederich and colleagues (2010) similarly showed differences in the
cingulate and insula when subjects were not asked to view themselves,
but only to imagine themselves in comparison to a displayed image of
a slim model. Elevated activations in MPFC in response to negative
body-image words have been seen in both binge—purge AN and bu-
limia nervosa (Miyake et al, 2010). These studies indicate that neural
regions that encode that body-image self-schema function differently
in people with AN.

In addition to problems in the development of stable, positive
self-schemas that form their identity, AN patients may also struggle
to understand other people. Social difficulties occur in AN patients
before the illness appears, during the course of the illness and even
following recovery from AN (Wentz et al, 2001; Troop and Bifulco,
2002; Zucker et al., 2007). Emotional recognition has been found to be
impaired in both recovered and currently ill AN patients in a number
of studies using a variety of psychological tasks (Zonnevijlle-Bender
et al., 2002; Kucharska-Pietura et al., 2004; Harrison et al., 2009, 2010;
Oldershaw et al., 2010). Low levels of mentalization, the ability to
understand another person’s perspective, have been associated with
development of eating disorders (Rothschild-Yakar et al, 2010).
Improvements in psychosocial relationships have also been closely
tied to recovery (Nilsson and Hagglof, 2006). Recently, we observed
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decreased activation in network regions subserving social cognition in
recovering AN subjects (McAdams and Krawczyk, 2011).

The neural networks involved in self-knowledge have been suggested
to consist primarily of cortical midline structures (CMSs), organized in
three primary clusters (Northoff et al, 2006). The ventral cluster in-
cludes the medial orbitofrontal cortex, ventromedial prefrontal cortex
and subgenual anterior cingulate cortex; the dorsal cluster consists of
the dorsomedial prefrontal cortex (DMPFC) and supragenual anterior
cingulate cortex and a posterior cluster includes the posterior cingu-
late, the precuneus and medial partial cortex. A different but partially
overlapping neural network, composed of the medial prefrontal cortex
(MPFC), the fusiform gyrus, the inferior frontal gyrus, the precuneus,
the temporal poles and the temporoparietal junction, is activated when
processing social stimuli (Castelli et al., 2002; Schultz et al., 2003; Saxe
et al., 2004; Saxe and Wexler, 2005; Frith and Frith, 2006). As under-
standing aspects of oneself can facilitate the understanding of other
people and the converse; several regions including the DMPFC and the
precuneus are involved in both the self-knowledge neural network and
the social cognition neural network (Heatherton, 2011).

Social appraisal tasks present adjectives or statements to the subjects
and ask the subjects to reflect on the validity of the words in charac-
terizing themselves, someone else or themselves from their friend’s
point of view. Studies in healthy controls have reported activation in
CMSs when participants evaluated their self ‘I believe I am...’ in
contrast to someone else ‘I believe my friend is...” (Johnson et al,
2002; Ochsner et al., 2005; Moran et al., 2006; D’Argembeau et al,
2007; Modinos et al., 2009). In contrast, when healthy individuals
evaluated their self from another person’s perspective, ‘Someone else
believes I am ...’ in comparison to ‘I believe I am...’, activation has
been reported in the precuneus, posterior cingulate, temporoparietal
junction and MPFC, components of a network relevant to social cog-
nition (Ochsner et al., 2005; D’Argembeau et al., 2007; Pfeifer et al,
2007; Pfeifer et al., 2009).

We examined the processes of self-knowledge and mentalization by
comparing cortical activity in recovering AN patients and healthy con-
trols using two similar appraisal functional magnetic resonance ima-
ging (fMRI) tasks; one involving socially descriptive adjectives and a
second with physically descriptive phrases. The goal of this study was
to examine the neural representations of two different types of
self-schemas, one focusing on socially descriptive adjectives and a
second focusing on body-image evaluations. This design allowed a
comparison of differences in the neural processing associated with
thinking about oneself from a social viewpoint and a physical state.
We hypothesized that neural regions involved in the social and phys-
ical identity would be less active in the AN subjects with more differ-
ences relating to physical comparisons.

METHODS AND MATERIALS

Participants

A total of 36 female participants, between 18 and 45 years of age, were
recruited for this study. The participant groups consisted of 18 healthy
controls (CON) and 18 individuals with a recent history of anorexia
but currently in the process of recovering from AN (RAN). The RAN
participants were recruited from the Dallas, TX area. All RAN partici-
pants had maintained a minimum body mass index (BMI) >17.5 and
had menstrual cycles for at least 2 months, with no reported binging or
purging behaviors during the previous month. All RAN subjects had
met full criteria for AN within the previous 2 years; this time period
was chosen because several studies have shown that psychological re-
covery from anorexia lags the physical or physiological weight gain by
at least 2 years (Strober et al, 1997; Bachner-Melman et al., 2006;
Bardone-Cone et al., 2010). Ten of the RAN subjects had maintained
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a stable weight with menses and BMI > 19 for over 6 months. The other
eight RAN subjects had maintained BMIs exceeding 17.5 for only 3—6
months. Eleven of the RAN subjects had the restricting subtype and
seven had the binge—purge subtype of AN.

Subjects provided written informed consent to participate in this
study at an initial appointment. All subjects were then interviewed
using the Structured Clinical Interview for DSM-IV (SCID-RV) dis-
orders to confirm the history of anorexia in the RAN group, the ab-
sence of eating disorders in the CON group and the absence of other
current Axis I disorders, including a current major depressive episode
(MDE), depression not otherwise specified and dysthymia, in both
groups. Participants were also screened for MRI compatibility. Some
of the subjects had a history of recurrent Major Depressive Disorder
(1, CON; 7, RAN) but none had met symptom criteria for an MDE for
at least 3 months prior to the neuroimaging studies. No participants
had a current or past diagnosis of any psychotic disorders or bipolar
disorder; no participants were currently taking mood-stabilizers, anti-
psychotics or benzodiazepines. Participants on antidepressants whose
dosage had not changed for at least 3 months prior to their MRI scans
were included (1 CON; 8 RAN). This study was approved by the in-
stitutional review boards of both the University of Texas Southwestern
Medical Center and The University of Texas at Dallas.

Participants also completed the Quick Inventory of Depression,
Self-Report (QIDS-SR), a self-report questionnaire consisting of 16
items to assess current symptoms of depression (Rush et al, 2003),
as well as the Eating Attitudes Test-26 (EAT-26), a self-report ques-
tionnaire consisting of 26 items that relate to current eating behaviors
(Berland et al, 1986). Subjects also completed the Self-Liking
and Self-Competence Self-Esteem Questionnaire, a 16 item self-report
questionnaire that provides two measures of self-esteem (Tafarodi and
Swann, 1995).

Neuroimaging tasks
Two fMRI tasks were employed, the Social task and the Physical task
(Figure 1). Both tasks consisted of the presentation of written appraisal
statements projected onto a screen within the MRI scanner. For both
tasks, three different types of appraisals were shown: Self (evaluation of
an attribute about one’s own identity based on one’s own opinion);
Friend (evaluation of an attribute about a close female friend); and
Reflected (evaluation of an attribute about one’s self as believed by
one’s friend). Each statement was presented above a scale reading 1,
‘strongly disagree;’ 2, ‘slightly disagree;” 3, ‘slightly agree’ and 4,
‘strongly agree’. Subjects were asked to read each statement and
select a rating through a hand-held button. The friend and reflected
statements were personalized to contain the name of a specific female
friend of each subject. Each task was conducted separately, with all
runs of the social task preceding any runs of the physical task. This is a
limitation of the study, resulting a desire to limit the overall duration
of time necessary to collect complete data sets for each task to min-
imize potential motion artifacts. Each task consisted of four runs con-
taining 36 statements each, 12 statements of each task condition within
each run for a total duration of 6 min per run. All statements for each
condition were sequential for each run, and the order of the conditions
was pseudorandomized across runs. Each statement was presented for
4 s followed by a jittered fixation period of 4, 6 or 8s.

In the social task, the self statements were presented in the format
‘I believe I am kind’, friend statements were in the format ‘I believe
my friend is thoughtful and reflected statements were in the format
‘My friend believes I am selfish’. The same adjectives were shown for
each condition. For the physical task, self statements were presented in
the format ‘I believe my arms are toned, friend statements in the
format ‘I believe my friend’s eyes are bloodshot’ and reflected statements
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...11 More Reflected Statements...

My friend believes | am dependable.

1 2 3 4

Strongly  Slightly jhily
Disagree Disagree Agree

Strongly
Agree

..11 More Friend Statements...

+

| believe my friend is interesting

3 4
Slightly  Strongly
Agree  Agree

.10 More Self Statements...

| believe | am greedy.

I believe | am friendly.

3 4
y ly Slightly Strongly
e Disagree Agree Agree

Social Appraisal Task
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...11 More Friend Statements...

+

1 believe my friend's stomach is flat.

1 2 3 4
Strongly ightly  Strongly
Disagree Disagree Agree  Agree

...11 More Self Statements...

+

I believe my arms are bony.

2 3 4
Sligh Slightly ~ Strongly
Agree Agree

...10 More Reflected Statements...

My friend believes my face is wrinkled

+

My friend believes my neck is slender.

1 2 3 4
Strongly  Slightly hily  Strongly
Disagree Disagree gree  Agree

Time

Physical Appraisal Task

Fig. 1 Both tasks included four fMRI runs consisting of the presentations of appraisal statements with intervening fixation periods. During the presentation of each statement, subjects would read and respond
using a hand-held button box. Within each run, all statements for each condition (self, friend and reflected) would occur sequentially.

in the format ‘My friend believes my skin is smooth’. An effort was made
to avoid containing only words that could be considered synonymous
with fat and thin descriptors. For both the social and physical tasks, an
approximately equal number of words perceived as positive or negative
were selected (See Supplementary Table S1 for word lists).

MRI ACQUISITION AND ANALYSIS

All images were acquired with a 3T Philips MRI scanner. Functional
images were acquired during eight runs (four for social and four for
physical), each lasting 360s, using a 1-shot gradient T2*-weighted
echoplanar (EPI) image sequence sensitive to blood oxygen
level-dependent (BOLD) contrast. Each sequence was acquired using
a repetition time (TR) of 25, an echo time (TE) of 35ms and a flip
angle of 0°. Volumes were composed of 36 axial slices (4 mm thick, no
gap). Each slice was acquired with a 22.0-cm? field of view, a matrix
size of 64 x 64 and a voxel size of 3.4 x 3.4 x 4 mm. Head motion was
limited using foam padding. High resolution MP-RAGE 3D
T1-weighted images were acquired for anatomical localization with
the following imaging parameters: TR =2100ms, TE=3.7 ms; slice
thickness of 1 mm with no gap, a 12° flip angle and 1 mm® voxels.
Prior to statistical analyses, preprocessing consisted of spatial
realignment to the first volume of acquisition, normalization to
the MNI standard template and spatial smoothing with a 6-mm
3D Gaussian kernel. Functional MRI task data were analyzed
using Statistical Parametric Mapping software (SPM5, Wellcome
Department of Imaging Neuroscience London, www.fil.ion.ucl.ac.uk/
spm) run in matlab 7.4 (http://www.mathworks.com) and viewed in
xjview (http://www.alivelearn.net/xjview8/). The fMRI data were ana-
lyzed separately with the same techniques for the social and the phys-
ical tasks. Each task was analyzed using an event-related design, in
which each type of event (self, friend and reflected) corresponded
to the BOLD signal during the 4-s presentation of each statement.

A general linear model was used to create contrast images for each
trial type. Activation of each trial type was assessed using multiple
regression analysis set as boxcar functions. Each regressor was con-
volved with a canonical hemodynamic response function provided in
SPM5 and entered into the modified general linear model of SPM5.
Parameter estimates (e.g. beta-values) were extracted from this GLM
analysis for the regressors. A high-pass filter (cutoff 128s) was applied
to the data to remove frequency effects. Resulting single-subject one-
sample t-test contrast images (selffriend; friend—self; reflected—self
and self-reflected) were created for each participant. These contrast
images were combined for group map analyses. A first-level analysis
examined activations by task in the contrast images for each partici-
pant population (CON and RAN). A second-level analysis used
two-sample t-tests to provide a whole-brain voxel-wise comparison
of data obtained from the CON and RAN group contrasts, setting
an initial threshold of voxel-wise P< 0.001, uncorrected and minimum
cluster size of 20 to identify regions with group differences. Because
this was an exploratory study of activations associated with identity for
this patient population, we did not define a priori regions of interest
(ROIs). Instead, we selected as ROIs those areas that emerged from
voxel-wise whole-brain #-tests for the contrasts for the CON and RAN
groups. We then extracted the percent signal change occurring within
each region for each subject using the MarsBar toolbox (sourcefor-
ge.net/projects/marsbar) and transferred this data to SPSS (SPSS, Inc.,
Chicago) for between-group t-tests using a corrected significance
threshold of P=0.0125 (P=0.05/4 regions tested).

Correlations between the clinical scales and neural activity were
further examined in SPSS using a Pearson’s correlation analysis of
the four scales (SL, SC, QIDS and EAT) against the activation of
these ROIs. These correlations were done both across all subject
groups and within each participant group, with the threshold for
significant correlations set at P<0.0125 (P=0.05/4, as four tested
scales).
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Table 1 Sociodemographic and symptom scale values for the participants

SCAN (2014) I5

CON (n=18) RAN (n=18) Independent t-test

Mean (SD) Range Mean (SD) Range t P
Average age (years) 245 (6.4) 18-39 26.1 (6.8) 18-40 —0.708 0.484
Mean years of education 15.8 (2.1) 14-20 149 (1.9) 12-19 1.250 0.220
Current BMI® 232 (4.2) 18-35 19.8 (1.6) 18-23 3.096 0.004*
Months in recovery® NA NA 76 (5.2) 3-20 NA NA
Lowest BMI NA NA 16.4 (1.1) 14.5-18.3 NA NA
Quick inventory of depression 3.7 (23) 0-9 8.5 (4.7) 2-17 —3.923 <0.001*
Eating attitudes test 43 (4.) 0-15 27.4 (16.1) 1-61 —5.894 <0.001*
Self-liking and competence scale
Self-liking 30.7 (5.3) 19-40 17.2 (7.0) 8-29 6.520 <0.001*
Self-competence 30.2 (4.5) 2440 24.7 (4.5) 18-37 3.656 0.001*

*Mean and range for RAN subjects exclude one outlier.
®Months since meeting full criteria for AN.

‘Lowest BMI in the preceding 2 years.

*p < 0.05

RESULTS
Demographic measures and scales

The CON and RAN groups were not significantly different in age or
years of education but differed in BMI (Table 1). The two groups also
showed significant differences in both the psychiatric symptom scales
for depression and current eating behavior as well as in the psycho-
logical measures for both the self-liking and the self-competence com-
ponents of self-esteem.

FMRI task performance: behavioral data

Each appraisal statement was presented for 4, during which the sub-
jects were expected to read and respond to each statement using a
4-point rating scale. Response times varied slightly across tasks and
conditions, but no significant differences were observed across groups
(Supplementary Table S2). There was a significant difference across
groups on the rating scales during both the social self condition
(means CON 2.53, RAN 2.44, t(34) =2.236, P=0.032) and social re-
flected condition (means CON 2.53, RAN 2.38, #(34)=5.102,
P<0.001), but not in the social friend condition (means CON 2.49,
RAN 2.46, #(34) =0.713, P=0.48). There were no ratings differences
across group for conditions of the physical task.

FMRI activation during social appraisals in CON and RAN groups

Cortical regions involved in the processing of social self-knowledge
were identified based on the self-friend (‘I am’) contrast in the
social task (Table 2 and Supplementary Figure S1). In the CON sub-
jects, there were four significantly active clusters in the occipital lobe.
The RAN subjects showed more active clusters in this contrast, includ-
ing a large cluster in the occipital lobe, as well as bilateral activation in
parietal cortex, frontal cortex, the inferior and the middle frontal gyri.
The self (‘I am’) two-sample comparison between the CON and RAN
subjects revealed a single cluster in the dorsal precuneus, which showed
increased percent signal change in the self condition than the friend
condition for the CON subjects and the opposite pattern in the RAN
subjects (Figure 2 and Table 3; mean percent signal change, social
self—friend, CON 0.09, RAN —0.04, t=4.590, P<0.001). In the social
friend-self (‘Friend is’) contrast, both the CON subjects and the RAN
subjects showed single cluster in the ventral precuneus (Table 2 and
Supplementary Figure S1). In the ‘Friend is’ two-sample comparison,
a region in the left middle frontal gyrus (MFG) also showed differ-
ential activation by group (Table 3, mean percent signal change,
social friend—self, CON —0.10, RAN —0.53, t=3.550, P=0.001;
Supplementary Figure S2).

Cortical regions involved in mentalization (‘Friend believes) were
identified by contrasting activity in the social reflected and self condi-
tions (Table 2 and Supplementary Figure S3). The largest active regions
in both the CON and RAN groups were in the posterior cingulate and
the ventral precuneus. No other regions were selectively activated in
this contrast in the RAN group. In the ‘Friend believes two-sample
comparison contrast across the CON and RAN groups, a single, large
region in the dorsal anterior cingulate (dACC) extending into DMPFC
was identified (Figure 3 and Table 3; mean percent signal change,
social reflected—self, CON 0.08, RAN —0.09, t=5.304, P<0.001).
This region showed increased activation in the reflected appraisals
for CON subjects relative to the self appraisals, and more activation
during self appraisals than reflected appraisals for the RAN subjects. In
the social self-reflected (‘I believe’) contrast, the CON group showed
no activation clusters but the RAN group had clusters in the frontal
and parietal lobes (Table 2 and Supplementary Figure S3).

FMRI activation during physical appraisals in CON and RAN
groups

Cortical regions involved in the understanding of one’s own body
image (‘I look’) were identified by contrasting activity across the self
and friend conditions of the physical task (Table 4 and Supplementary
Figure S4). For the CON subjects, three clusters extended through the
anterior and middle cingulate. The RAN subjects exhibited three clus-
ters of activation in the inferior frontal gyri and medial frontal gyrus.
The ‘I look’ two-sample comparison of the CON and RAN subjects
identified a ventral region of the dorsal anterior cingulate immediately
adjacent to the corpus callosum (cc-dACC) showing greater activation
in the self condition than the friend condition in the CON subjects but
similar levels of activation for both conditions in the RAN subjects
(Figure 4 and Table 3; mean percent signal change, physical selffriend,
CON 0.12, RAN —0.01, t=4.699, P<0.001). Neither group showed
any significant clusters in the physical friend—self contrast.

Cortical regions involved in mentalization about physical identity
were also examined by contrasting activity in the physical reflected and
self conditions (Table 4 and Supplementary Figure S5). Both the CON
and the RAN groups exhibited active ventral precuneus clusters. The
opposite comparison, physical self-reflected, led to several regions of
activation in both the CON and RAN groups with the largest clusters
in the anterior and middle cingulate. There were no group differences
in the two-sample comparisons for either the physical reflected—self or
physical self-reflected contrasts.
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Table 2 Locations of significantly activated regions in the social task contrasts for the
recovering anorexia subjects (RAN) and the healthy comparison subjects (CON)

Anatomical region BA laterality  Cluster size  Cluster #  Peak t  MNIx, y, z
CON group map: social selffriend
Lingual 18 L 915 0.000 8.7 —4, —94, —4
7.83 —16, —90, 8
7.21 —10, —78, —2
Lingual 18 R 454 0.000 6.83 8, —82, —4
6.42 12, —90, 12
451 16, —88, —10
Occipital 19 R 15 0.007 6.13 32, —86, 12
4.18 24, —76, 16
Occipital 19 1 290 0.000 6.11 —24, —68, —18
471 —28, —78, —20
4.14 —18, =70, —4
RAN group map: sodial selffriend
Occipital 18 R 4399 0.000 8.86 24, =92, -2
8.09 —28, —62, —32
7.45 34, —64, —22
Superior parietal 7 L 1358 0.000 8.80 —22, —64, 48
6.76 —30, —58, 46
6.07 —16, —72, 50
Caudate NA R 95 0.009 735 16, 14, —2
3.86 18, 18, —10
Middle frontal 9 L 1293 0.000 7.27 —54, 18, 30
6.29 —22, -2, 56
5.88 —42, 6, 40
Superior frontal 6 R 923 0.000 1.3 6, 8, 58
6.15 —8, 18, 62
5.90 —4, 14, 42
Inferior frontal 47 L 560 0.000 6.46 —44, 40, 2
6.39 —46, 30, 0
5.93 —54, 12, 2
Superior temporal gyrus 38 R 166 0.000 6.14 48, 16, —10
5.07 38, 24, —6
4.49 32,16, —4
Precuneus 7 R 539 0.000 5.97 18, —70, 50
5.75 26, —68, 48
5.52 32, —62, 46
Middle frontal 9 R 75 0.030 5.79 36, 32, 28
391 46, 34, 24
Inferior parietal 40 R 75 0.030 5.71 38, —50, 42
4.52 42, —48, 52
431 40, —42, 40
Cerebellum NA R 74 0.032 5.64 10, —76, —44
4.5 18, —68, —48
Inferior frontal 45 R 137 0.001 5.04 36, 2, 22
4.40 50, 12, 20
430 60, 16, 20
CON group map: social friend—self
Post cingulate 31 R 468 0.000 6.49 6, —50, 18
Precuneus L 5.93 -2, =50, 26
5.70 —12, =58, 22
RAN group map: social friend—self
Precuneus 31 R 182 0.000 6.95 14, =50, 34
4.90 —2, —54, 36
CON group map: social reflected—self
Lingual Gyrus 18 R 151 0.001 8.15 18, —82, —6
Posterior cingulate 7 R 1008 0.000 6.74 8, —24, 28
Precuneus 6.13 —6, —62, 32
5.88 8, —46, 16
Middle temporal 2L 135 0.002 6.36 —52, =16, —12
5.03 —60, —16, —14
Cuneus 7 R 79 0.035 5.83 16, —76, 10
Superior frontal 6 L 140 0.002 4.84 -2, 8,56
435 6, 6,48
432 —6, —2, 54
RAN group map: social reflected—self
Precuneus 7 L 137 0.002 6.02 —8, —64, 34
439 —6, —72, 30
Posterior cingulate 23 R 85 0.024 5.44 4, —30, 24
5.26 12, —26, 24
CON group map: social self—reflected: no regions
RAN group map: social selfreflected
Superior parietal 7 R 96 0.013 5.54 26, —60, 54
4.52 20, —64, 60
3.90 16, —70, 50
Medial frontal 9 R 78 0.035 5.07 8, 30, 36
4.25 —2, 34,38
3.93 6, 18, 36
Postcentral 2 R 72 0.049 493 62, —24, 32
47 56, —16, 28
4.19 60, —28, 40

2Corrected cluster-wise, P < 0.05.
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Fig. 2 The two-sample comparison of the CON and RAN groups in the social selffriend contrast
(‘I am’) identified a cluster in the precuneus with a peak t of 4.61 consisting of 43 voxels. Slices
centered on MNI coordinates of the peak voxel (—8, —48, 46). The percent signal change in this
cluster for the self and friend conditions is shown for the CON and RAN groups in the lower right
panel.

Correlations between behavioral measures and fMRI activations
As the CON and RAN participant groups differed in the self-report
measures for depression, eating attitudes, self-liking and self-
competence, we examined whether the neural areas with significant
activation differences identified from the two-sample comparisons
described above (ROIs: social self-friend precuneus, social friend—self
MEG, social reflected—self dACC and physical self-friend cc-dACC)
were correlated with self-report scores. Although we did observe
significant correlations between fMRI activations in these regions for
the QIDS (dACC, r=—0.584, P<0.001), EAT (dACC, r=—0.623,
P<0.001; cc-dACC, r=0.420, P=0.011), SL (dACC, r=0.492,
P=0.002; precuneus, r=0.415, P=0.012; cc-dACC, r=0.445,
P=0.007; MFG, r=0.430, P=0.009) and SC scores (cc-dACC,
r=0.419, P=0.11), these correlations were entirely attributable to
the group differences in these variables and were not significant
when examined within either participant group separately (CON
alone and RAN alone).

DISCUSSION

These experiments examined the fMRI activity involved in understand-
ing one’s identity as well as other people’s perceptions of one’s identity
in AN. The neuroimaging tasks were designed to elicit both a social
understanding of identity, using an appraisal task consisting of per-
forming judgments using standard personality trait adjectives, and a
physical understanding of identity, using an appraisal task considering
of performing judgments about physical characteristics.

Social and physical self-knowledge

We found that different regions of cortex were involved in the pro-
cessing of social and physical self-knowledge. This was true for both for
the healthy CON subjects: the social ‘I am’ contrast activated regions of
the occipital lobe and the physical ‘I look’ contrast activated areas
within the cingulate, and for the RAN subjects: the social ‘I am’ con-
trast activated many bilateral peripheral cortical regions while the
physical ‘I look’ contrast significantly activated only the bilateral
insula and MPFC. We also found group differences in the activation
of the dACC in the social ‘Friend believes conditions. These data
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Table 3 Clusters showing significant differences in activation in the two-sample comparisons of subjects recovering from anorexia (RAN) and the healthy comparison subjects (CON)?

Anatomical region BA Laterality MNI x, y, z Cluster size Peak t Percent signal change”
(ON RAN
Social task, CON—RAN, selffriend contrast
Precuneus 7 L —8, —48, 46 ;3 461 0.09 —0.04 (P<0.001)
Social task, CON—RAN, friend—self contrast
Middle frontal 6 L —40, 26, 24 ;3 415 —0.10 —0.53 (P=0.001)
Social task, CON-RAN, reflected—self contrast
Cingulate 32 R 6, 26, 36 379 5.74 0.08 —0.09 (P<0.001)
6, 8, 46 489
4,10, 60 455
Physical task, CON—RAN, self—friend contrast
Anterior cingulate 24 L —6, 20, 24 61 4.50 0.12 —0.01 (P<0.001)

“Significance threshold for two-sample t-tests were set at P < 0.001 height, and extent of 20 voxels.

®P-value corresponds to independent sample t-tests across CON and RAN groups comparing percent signal change across that contrast in the identified RO
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Fig. 3 The two-sample comparison of the CON and RAN groups in the social reflected—self contrast
(‘Friend believes’) identified a cluster in the dorsal anterior cingulate and DMPFC with a peak ¢ of
5.74 consisting of 379 voxels. Slices centered on MNI coordinates of the peak voxel (—6, 26, 36). The
percent signal change in this cluster for the self and reflected conditions is shown for the CON and
RAN groups in the lower right panel.

support the position that identity is a complex attribute, and also that
knowledge about social descriptors is not the same as knowledge about
one’s appearance. Additionally as the DSM-IV criteria describe AN as
an illness with a low body weight in conjunction with physical identity
disturbances (American Psychiatric Association, 1994), we were sur-
prised that our results showed more neural differences in the compari-
sons related to the social task than the physical task. In sum, our results
are consistent with literature proposing identity and self-esteem as core
disturbances in AN (Stein and Corte, 2007, 2008), as well as studies
suggesting that social cognition plays a role in AN (Zucker et al., 2007;
Harrison et al., 2009; Harrison et al., 2010; Oldershaw et al., 2010;
Mcadams and Krawczyk, 2011).

Our social appraisal task was similar to those used to study
self-knowledge and mentalization in healthy controls in other studies.
The cortical regions expected to be active during the self—friend ‘T am’
contrast and reflected—self ‘I believe’ contrast include the MPEC, the
dACC, the vACC and the precuneus (Northoff et al., 2006; Heatherton,
2011). We chose to use a task that included a close other, a friend of

the subject, because we were particularly interested in the neural acti-
vations associated with the third person perspective condition, a con-
dition most appropriate with known, personalized others.

However, the use of a close other in comparison to a self-evaluation
has shown inconsistent neural activations even in healthy individuals
unlike those studies using a distant other or semantic comparison
(Johnson et al, 2002; Kelley et al, 2002; Schmitz et al, 2004;
Ochsner et al, 2005; Heatherton et al., 2006; D’Argembeau et al,
2007; Pfeifer et al., 2007; Modinos et al., 2009; Moran et al., 2009;
Pfeifer et al., 2009). Four studies have used an fMRI task with a
close friend as the other: two showed more activation in both anterior
and posterior midline cortical structures in the self condition than the
friend condition (Heatherton et al., 2006; D’Argembeau et al., 2007)
and two found no differences in midline cortical structures (Schmitz
et al., 2004; Ochsner et al., 2005), akin to our data. Two other studies
have used the subject’s mother as the comparator; one found increased
ACC for self compared with mother (Vanderwal et al., 2008) and the
other (Zhu et al., 2007) found increased MPFC activation for self
compared with mother in Western individuals but no differences in
Chinese individuals. Together these studies have suggested that the
more one perceives one’s friend to be similar to oneself, the less
likely neuroimaging studies are to show differences in midline
cortical structures (Heatherton, 2011). Here, the similar activation of
the midline cortical structures in the self and friend conditions in the
CON group suggests that these conditions elicited similar cognitive
processing. This is in marked contrast to the RAN subjects for
whom many clusters, including the dACC but also a number of per-
ipheral cortical regions emerged in the social self and friend
comparison.

Of note, another important variable in detecting activations is the
threshold set for cluster extent, and these thresholds vary in the litera-
ture. We lowered our threshold by changing the extent from a cluster-P
corrected 0.05 value to a 10 voxel extent, as was more common in early
fMRI studies, observing clusters in both the precuneus (47 voxels,
t=4.84) and the middle cingulate (44 voxels, t=5.92) in the CON
(but not RAN) group, akin to both the D’Argembeau and Heatherton
studies consisting of healthy controls (Supplementary Figure S6). We
also examined the percent signal change using these two ROIs for both
the CON and RAN populations, recognizing that this is a non-standard
comparison for clinical neuroimaging. In the CON group, we found
increased percent signal change in both of these regions in the self con-
dition relative to the friend condition. In the RAN group, the precuneus
shows the opposite effect, and the modulation of the cingulate is
reduced. These data are consistent with our other findings that the
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Table 4 Locations of significantly activated regions in the physical task for the subjects
recovering from anorexia (RAN) and the healthy comparison subjects (CON)

Anatomical region BA Llaterality  Cluster size  Cluster #  Peak t  MNIx, y, z

CON group map: physical selffriend

Anterior cingulate 32 L 614 0.000 7.64 —6, 22, 24
6.48 —2, 34,28
4.76 4,20, 28

Anterior cingulate 32 R 104 0.011 6.23 2,42, 12

Cingulate gyrus 24 R 184 0.000 5.14 6, —8, 34
5.03 4, —18, 32
4.85 8, —90, 42

RAN group map: physical self—friend

Inferior frontal 47 R 80 0.022 484 40, 16, —16
4.24 48,18, —16
4.01 48,22, -8

Medial frontal 9 L 70 0.040 4.49 —2, 36, 38
3.95 2,32, 44
3.74 —4, 46, 30

Inferior frontal 47 L 70 0.040 4.45 —50 20 —6
4.40 —50, 18, 2
3.7 —42, 20, —10

CON group map: physical reflected—self

Precuneus 7 L 125 0.004 5.19 —8, —62, 34

RAN group map: physical reflected—self

Precuneus 7 R 186 0.000 5.20 8, —60, 30

L 4.22 —4, —56, 32

3.84 —8, —50, 24

CON group map: physical self-reflected

Anterior cingulate 32 L 280 0.000 5.99 —10, 26, 24
5.79 —2, 38,34

R 4.76 8, 34,26

Middle frontal 9 R 177 0.000 5.36 44, 14, 46
4.72 48, 20, 40
3.66 44,10, 34

RAN group map: physical self—reflected

Anterior cingulate 32 L 846 0.000 6.70 —4, 30, 28
6.42 6, 34, 36
6.14 —4, 30, 38

?Corrected cluster-wise.

midline cortical structures are differentially activated in participants re-
covering from AN compared with healthy participants.

The region that emerged in the two-sample comparison between the
CON and RAN groups in the social self-friend contrast was the pre-
cuneus. The precuneus is a cortical region in the parietal lobe with
connections to the limbic system, the parietal cortex, the occipital lobe
and the temporal lobe (Cavanna and Trimble, 2006); this region has
been proposed to integrate emotional, physical and visual inputs into a
view of self relevant to consciousness (Northoff et al., 2006; Cavanna,
2007). The precuneus has been divided into multiple regions, with the
dorsal portion, that we observed to have lower activity in RAN subjects
than the CON subjects in the social ‘I am’ contrast, involved in
self-assessments, and a ventral region contiguous with the posterior
cingulate activated by perspective-taking tasks, akin to our social
‘Friend believes contrast (Cavanna and Trimble, 2006; Northoff
et al., 2006). Pfieffer and colleagues (Pfeifer et al., 2009) recently com-
pared the neural activity associated with performing social appraisal
tasks in healthy adults and adolescents and found increased activation
within the posterior cingulate and precuneus in adolescents perform-
ing social appraisal tasks relative to the adults.

Other neurodevelopmental and physiological information about the
precuneus supports a role for this area in the pathology of AN. The
precuneus is the last cortical region to myelinate, along with prefrontal
cortex, typically completing myelination during adolescence
(Goldman-Rakic, 1987). The connectivity between the anterior
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Fig. 4 The two-sample comparison of the CON and RAN groups in the physical selffriend contrast
('l look’) identified a cluster in the ventral anterior cingulate with a peak t of 4.50 consisting of 61
voxels. Slices centered on MNI coordinates of the peak voxel (—6, 20, 24). The percent signal change
in this cluster for the self and friend conditions is shown for the CON and RAN groups in the lower
right panel.

cingulate and the precuneus also increases with age in comparisons
of children, adolescents and adults (Kelly et al., 2009). These studies
suggest that normal neurodevelopmental processes lead to maturation
of the precuneus during adolescence, the same period as the typical
onset of AN (Kaye, 2008). Neuroimaging studies in healthy controls
have also observed precuneus activation during set-shifting,
executive-function tasks, mentalization and ToM tasks (Cavanna and
Trimble, 2006); all functions reported to be impaired in AN (Gillberg
et al, 2007; Harrison et al, 2009; Gillberg et al, 2010;
Rothschild-Yakar ef al., 2010). Finally, the precuneus is highly active
in the resting state and consumes ~35% more glucose than any other
area of human cerebral cortex (Gusnard and Raichle, 2001). This high
utilization of glucose suggests that this region may be particularly sus-
ceptible to degeneration in starvation. We were unable to determine
whether the differences we observed in the precuneus in RAN were
present before AN began and related to its pathogenesis or whether the
precuneus was secondarily damaged by this illness. Further research
may allow the effects of neurodevelopmental changes to be separated
from possible physiological consequences from starvation, but such
information may only be attainable from a larger longitudinal study.
The physical task directly examined the cognitive processes asso-
ciated with evaluation of body shape. In the CON group map for
the ‘I look’ contrast, we observed several clusters in the anterior and
middle cingulate whereas in the RAN group map, there were clusters in
the bilateral insula and dACC and no activations in the cingulate. The
subgenual anterior cingulate has been previously reported to be smaller
in AN, and the amount of the size reduction has even been related to
the severity of the illness (Naruo et al., 2001; Muhlau et al., 2007;
McCormick et al., 2008). The cingulate is often engaged in tasks invol-
ving self-regulation, such as considering one’s current physiological or
emotional state (Heatherton, 2011). Alexithymia has been correlated
with decreased activity in the anterior cingulate in both healthy con-
trols and AN patients (Miyake et al., 2009), reinforcing the notion of
this area as mediating self-understanding. In both a social economic
game and a self-imagery paradigm, activation of the middle cingulate
has been associated with directly with reflection on the consequences
of one’s own behavior (Chiu et al, 2008). Interestingly, the RAN
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subjects, unlike the CON subjects, did show modulation of this part of
the cingulate during the contrast of the physical reflected (‘Friend be-
lieves I look’) and the physical self (‘T believe I look’) conditions (Table
4 and Supplementary Figure S5). If the cingulate is considered to
monitor current self-state (Northoff et al, 2006; Heatherton, 2011),
then these findings are consistent with an idea that cc-dACC of the
RAN subjects may have learned that their friend’s belief about their
own appearance is a more accurate portrayal of current physical state
than their own belief about their appearance.

Mentalization in AN

The process of mentalization has been a topic highly relevant to psy-
chiatric treatment (Bateman and Fonagy, 2004). The third-person ap-
praisal condition in social appraisal tasks ‘Friend believes’ has
consistently shown strong activations in the precuneus and posterior
cingulate as well as other cortical regions activated in social cognition
tasks in healthy controls (D’Argembeau et al, 2007; Pfeifer et al,
2009). Consistent with this literature, the CON group showed robust
activation of the ventral precuneus and posterior cingulate and other
clusters in the social cognition network including the medial temporal
gyrus and dACC. The RAN group showed activation of only two re-
gions: the ventral precuneus and posterior cingulate.

A cluster in the dACC was identified in the whole-brain voxel-wide
comparison of the social reflected—self contrast for the CON and RAN
groups. This cluster, although primarily in the right hemisphere, ex-
tended into the DMPFC and left paracingulate. Social appraisal studies
in healthy controls have typically reported the involvement of the
dACC, DMPEC, the ventral precuneus and the posterior cingulate in
understanding other people rather than one’s own self (Ochsner et al,
2005; Pfeifer et al., 2009). On examination of the percent signal change
in the dACC cluster, we found that the CON subjects showed elevated
activation in the social ‘Friend believes condition relative to the ‘T an’
condition and the RAN subjects showed the opposite pattern, despite
both groups showing similar levels of BOLD modulation. This differs
fundamentally from the other regions identified from the group dif-
ferences, the precuneus and vACC, regions in which the RAN group
showed no modulation of the BOLD signal. Interestingly, the same
contrast in the physical task shows no differences in the CON and
RAN whole-brain comparison. These findings suggest that thinking
about one’s physical appearance from a third person’s point of view
is quite similar for the CON and RAN subjects but thinking about
one’s social traits from a third-person’s view differs.

LIMITATIONS

There are several limitations to the neuroimaging tasks used in this
study. First, the social task was conducted separately from the physical
task, and the statements were shown in block mode by condition rather
than being randomly interleaved. This design was deliberate so that
subjects could stay focused on one condition rather than switching
between the six types of statements presented, which may have resulted
in confusion for the subjects. Second, the social adjectives were selected
from the top and bottom most liked words using a standard list of
likableness ratings of the words (Anderson, 1968). Thus, every social
appraisal involved either a strong positive or negative valence, and we
were unable to separate the valence judgment from the self-knowledge
judgment. As we did observe significantly lower behavioral ratings of
the social adjectives by the RAN subjects for both the self and reflected
conditions (Supplementary Table S2), these behavioral data are con-
sistent with RAN subjects having a more critical perception of their
social identity. A similar overall negative self-concept has been
described in current ED subjects (Stein and Corte, 2003; Paterson
et al., 2010). Moran et al. (2006) conducted a self-reflective personality
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fMRI task in healthy subjects designed to separate effects of valence
from self-relevance; they reported that self-relevance was coded inde-
pendent of valence in the posterior cingulate and MPFC, whereas va-
lence of the adjectives was related to ventral ACC activity, and that
both factors showed an interaction in the ventral ACC. Similar future
studies in RAN subjects may help us better understand whether some
of the neural differences we observed are related to valence as well as
self-knowledge.

Other limitations involved the variability in clinical state associated
with our particular patient population. We included adult AN subjects
who had the illness in the previous 2 years for our exploratory study of
neural activations associated with identity in this illness. The resulting
patient population shows a wide variety of clinical characteristics that
may best be described as remitted. Recovery rates for adults with AN
range from 21% to 68% (Rigaud et al, 2011; Yu et al., 2011); statis-
tically, it suggests that some of our participants will relapse and others
will recover. Additionally, AN patients do not show normalization of
the cognitive characteristics associated with AN until at least 2 years
following weight recovery (Strober et al., 1997; Bachner-Melman et al.,
2006; Bardone-Cone et al., 2010). Subsequently, our data cannot dis-
tinguish between neural differences that predispose to, contribute to,
or result from AN: they only show a correlation with having had this
illness recently. Couturier and Lock (2006), Darcy (2010) and
Bardone-Cone (2010) have emphasized that recovery should include
both psychological and physiological measures. Although we did in-
clude psychological measures, another limitation of our study was that
these were assessed primarily through self-report scales. Future studies
that include more subjects, and more detailed phenotyping with
clinician-scored measures in concert with neuroimaging will be essen-
tial in understanding how pathology and neural activations relate.

CONCLUSION

Our results support the idea that identity, including components asso-
ciated with ‘I an?’, ‘I look’ and ‘I believe’, utilize different cortical re-
gions in AN. Regardless of the cause of problems in the neural
networks associated with identity, consideration of the function of
these cortical regions in healthy brains may help patients to recogniz-
ing that problems in identity, self-esteem and mentalization may be
part of the illness. Tchanturia and colleagues (2008) reported success in
the treatment of AN in a pilot study using cognitive-remediation
therapies focused on improving cognitive flexibility, a function fre-
quently associated with the precuneus (Cavanna and Trimble, 2006).
Maudsley family-based therapy has also shown promise in the treat-
ment of adolescent AN; this approach focuses on ensuring weight gain
in the context of the family providing support to ensure both nutrition
for the patient, and enabling the parents to help the adolescent develop
their identity (Lock, 2002; Lock and Le Grange, 2005; Loeb et al.,
2007). Additional research examining the effects of therapeutic inter-
ventions on neural activity within the identity network may help us
better understand the mechanisms that mediate successful psychiatric
treatments.

We cannot determine whether the neural differences we have found
contribute to the development of AN or are consequences of AN.
These are difficult questions to address: AN has a low incidence rate,
making it difficulty to examine individuals before and after illness
onset, and there is also a variable interval between onset of the disease,
obtaining treatment and reaching recovery. These questions should be
examined both through comparisons between currently ill and fully
recovered AN subjects as well as through longitudinal studies of AN
patients at the start of illness and following recovery. Further studies
examining identity through the use of fMRI may be able to separate
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cortical regions that change in response to treatments and those that
are not.

In conclusion, we propose that primary neural processes, including
modulation of the precuneus and vACC, which are utilized to interpret
one’s self-knowledge are impaired in AN, and that other regions,
including the dACC and MFG, may be involved in compensating for
these deficiencies. These experiments provide a deeper understanding
of both biological and psychological components of AN and support
consideration of identity, both social and physical, as a feature of the
illness.

SUPPLEMENTARY DATA
Supplementary data are available at SCAN online.
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