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Abstract

Objectives: It has been shown that autistic spectrum patients have impaired theory of mind (ToM) performance;
however, no study has investigated the relationship between ToM performance and brain neurochemistry in
these patients. The present study aimed to investigate the correlations between dorsolateral prefrontal cortex
(DLPFC) and anterior cingulate cortex (ACC) N-acetyl-aspartate (NAA)/choline (Cho), NAA/creatine (Cr), and Cho/
Cr values based on *H magnetic resonance spectroscopy and ToM tests.

Method: The study sample included 13 adult, right-handed, Caucasian males with Asperger’s syndrome (AS)
(age range: 17-37 years) and 20 controls matched by age, gender, handedness, and Wechsler Adult Intelligence
Scale, Revised (WAIS-R) full-scale 1Q scores.

Results: AS cases had significantly lower ToM performance. DLPFC NAA/Cho levels were inversely correlated to
ToM scores (r =—0.738, P =0.004). On the other hand, ToM performance improved as DLPFC Cho/Cr increased (r =
0.656, P = 0.015). ACC MRS variables were not significantly correlated with ToM performance in the AS group. No
significant correlation was observed between ACC or DLPFC MRS variables and ToM performance in the control
group. Discussion: Because NAA/Cho was inversely correlated with ToM performance and Cho/Cr was correlated
with ToM performance, it can be suggested that the Cho level was related to better ToM test performance in the
AS group. An increase in the Cho peak was associated with an increase in membrane breakdown or turnover. The
Cho peak was also thought to reflect cellular density and astrocytosis. It is suggested that membrane turnover
and astrocytosis might affect cognitive functioning.
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INTRODUCTION

Neuroimaging has been widely used to study the
neural basis of ToM. Functional magnetic resonance im-
aging (fMRI) and positron emission tomography (PET)
studies indicate that healthy individuals activate a wide

Theory of mind (ToM), the ability to represent one’s
own or someone else’s mental states, is an outgrowth of

social intelligence (Abu-Akel, 2003). ToM impairments
have been studied in relation to social interaction prob-
lems, such as those observed in Asperger’s syndrome
(AS), as well as in other pervasive developmental disor-
ders. Whereas some studies have reported that AS pa-
tients performed worse than controls on ToM tests (Bar-
on-Cohen et al., 1997; Jolliffe and Baron-Cohen, 1999),
others have not (Dahlgren and Trillingsgaard, 1996).
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brain region, including the medial frontal cortex, ante-
rior cingulate, inferior frontal cortex, temporal cortex,
and cerebellum, when performing ToM tests, whereas
autism and AS patients have atypical activation patterns
(Mundy, 2003). It has been shown that when perform-
ing ToM tests, autism spectrum patients have dorsal-
medial frontal cortical activity instead of medial frontal
gyrus activity (Happe et al., 1996), less dorsal-medial
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activity compared to controls (Castelli et al., 2002), and
no right medial frontal activation (Baron-Cohen et al.,
1999). These results suggest that autistic patients have
abnormal brain activation during ToM tests.

"H magnetic resonance spectroscopy (MRS) has been
used to measure the level of many metabolites, including
N-acetyl-aspartate (NAA), choline (Cho), and creatine
(Cr) (Passe et al., 1995). 'TH MRS has also been exten-
sively used in studies of neurological and psychiatric
disorders in order to investigate pathological mecha-
nisms, monitor long-term changes, and, more recently,
to investigate the relationships between cognitive vari-
ables and neurometabolism (Ross and Sachdev, 2004).
Studies have shown that the anterior cingulate cortex is
part of the “emotional brain” and that this brain region
might be related to ToM impairments in autistic patients
(Mundy, 2003). MRI and PET studies conducted with
autistic patients reported reduced volume and activity
in the anterior cingulate cortex (Haznedar et al., 2000).
Studies have show that patients with ventromedial pre-

frontal cortex lesions have impaired ToM functioning
(Dawson et al., 2002).

To date, there have been very few 'H MRS studies
conducted with AS patients. One such study (Murphy
et al., 2002) used '"H MRS to compare prefrontal and
parietal NAA, Cho, Cr, and phosphocreatine levels in
14 AS patients to those of 18 normal controls. The re-
searchers used the Wechsler Adult Intelligence Scale-
Revised (WAIS-R) to measure full-scale IQ. The study’s
results indicated that prefrontal cortex NAA, Cho, Cr,
and phosphocreatine levels in the AS patients were sig-
nificantly higher than those in the controls. The study
also reported a significant correlation between social be-
havior and prefrontal NAA levels. Supporting the results
of that study, we found that male AS patients had higher
anterior cingulate cortex (ACC) NAA/Cho than healthy
controls (Oner et al., 2007) and that higher anterior
cingulate NAA/Cho levels were correlated with more
severe obsessive/repetitive behaviors. Another study that
investigated the relationships between MRS variables
and cognitive performance using 31P MRS in high-
functioning autistic patients observed that dorsal pre-
frontal cortex phosphomonoester levels were correlated
and phosphodiester levels were inversely correlated with
neuropsychological test scores (Minshew et al., 1993).

Understanding the relationship between neurochem-
istry and neuropsychological variables is important, be-
cause the resulting convergence of data would lead to
more comprehensive analysis and interpretation of the

results obtained with different techniques. The present
study aimed to investigate the relationship between dor-
solateral prefrontal cortex (DLPFC) and anterior cingu-
late cortex (ACC) NAA/Cho, NAA/Cr, and Cho/Cr val-
ues (measured with 1H MRS) and ToM performance in
adult AS patients and controls matched for age, gender,
handedness, and WAIS-R full-scale IQ score.

METHODS

Subjects

The sample included patients that presented to the
outpatient clinic at Ankara University School of Medi-
cine, Psychiatry Department and were evaluated by a
team of 2 researchers to meet DSM-IV criteria for AS.
The parents of all patients were interviewed to establish
each patient’s developmental history, and symptom on-
set and offset.

Inclusion criteria included age between 5 and 45
years, graduation from middle school, right-handedness,
diagnosis of AS based on DSM-IV criteria, diagnosis by
2 researchers, and informed consent. For patients young-
er than 18 years of age and those unable to provide con-
sent, informed consent was obtained from their parents.

Exclusion criteria were comorbid psychosis or a
mood disorder, a history of neurological disorder or
head trauma resulting in unconsciousness, and WAIS-R
total I1Q score < 70. In all, 18 patients were diagnosed
with AS, but 5 were excluded from the study, as they
did not fulfill the inclusion criteria or did not provide
informed consent. All the patients were screened for ad-
ditional DSM-1IV diagnoses using the Structural Clini-
cal Interview for DSM-IV Diagnosis (SCID-I); all the

results were negative.

Controls were also screened for DSM-IV Axis 1 di-
agnoses using SCID-I. Inclusion criteria for the controls
included being male and right-handed. Exclusion crite-
ria for the controls were the presence of psychiatric and
neurological disorders.

MRS Imaging

The MRS imaging methods used in the present study
were previously described (Oner etal., in press). Briefly, all
scans were made with a 1.5 T scanner (Magnetom Sym-
phony, version Syngo VA21C, Siemens Medical Systems,
Erlangen, Germany) equipped with high performance
gradients (maximum gradient strength: 40 mT m™'; maxi-
mum slew rate: 200 mT m'ems) using a standard head



Figure 1. (A): Right anterior cingulate; (B): Right dorsolateral
prefrontal regions of interest in MRS imaging.

coil. Prior to performing '"H MRS, GRE T1-weighted im-
ages in the coronal, axial, and sagittal planes of the entire
brain were acquired using a gradient echo pulse sequence
(slice thickness: 3 mm; FOV: 23 cm; TR: 585 ms; TE: 12
ms; flip angle: 70°, matrix: 101 x 192) in order to have an
anatomic image for selecting a volume of interest to per-
form localized "H MRS. PRESS (point resolved selective
spectroscopy) 2D-CSI (two-dimensional chemical shift
imaging) was performed to measure the metabolite ratios
in the right prefrontal cortex, anterior cingulate cortex,
and amygdala with the following scan parameters: TR:
1500 ms; TE: 270 ms; volume of interest (VOI): 1 x 1 x
1 em’. We tried to minimize sinus-induced MR suscep-
tibility artifacts in the temporal lobe that concerned the
amygdala region by positioning each subject in a hyper-
extended position. The CSI sequence produced a 16 x 16
cm? transversely oriented matrix that was defined by phase
encoding with a FOV of varying dimensions to allow opti-
mal measurement in the areas of concern. The field inho-
mogeneity achieved in automated non-localized multiple
angle protection (MAP) shimming resulted in water peak
line widths of less than 8 Hz in the VOI. The 2D-CSI
raw data were filtered with Hanning and Gaussian filters
on the spatial and chemical shift domains, respectively,
before Fourier transformation. Frequency domain curve
fitting was subsequently used for quantification with the
assumption of Gaussian line shapes, using the standard
spectroscopic evaluation SYNGO software package pro-
vided with the MR system. We used areas under the curve
to compute NAA, Cr, and Cho values.

VOIs were located in the right anterior cingulate cortex
and right dorsolateral prefrontal cortex. The voxels in the
anterior cingulate cortex corresponded to Brodman area
(BA) 24 and 32, and in the dorsolateral prefrontal cortex
to BA 9 and 46, based on the Talairach atlas (Talairach
and Tournoux, 1998) (Figures 1 and 2). We selected right-
sided VOIs for two reasons. First, previous studies suggest
that patients with autism spectrum disorders might have

Figure 2. MRS spectra obtained from AS patients and controls.

decreased activity in the right cortical regions (Mundy,
2003). Second, Murphy et al. (2002) investigated right
frontal and parietal regions, and we wanted to know if we
could replicate their findings. All AS and control subjects
cooperated fully during the procedure.

ToM Testing
ToM Test

Second-order ToM, which is acquired by 6-7 years of
age and refers to the ability to understand that one can
have a false belief about the belief of someone else. The
second order task scenarios were based upon those de-
veloped by Bowler (1992) and were adapted to Turkish
characters and places. The task was about John, Mary,
and an ice cream man.

After reading the scenarios, each subject was asked a
naming question, prompt questions, a reality question,
a memory question, and a belief question. The naming
and prompt questions can control the memory affect on
the main response. Each of the tasks was comprised of a
short scenario followed by a set of questions. Scenarios
and/or questions were repeated upon the subject’s re-
quest. Subjects’ responses were scored according to ToM
test performance as pass or fail.

Data Analysis

ToM testing and MRS imaging were performed dur-
ing the same week. In order to compare ToM test scores
between groups we used analysis of variance. In order to
compute the correlations between the neuropsychological
test scores and MRS variables we used the non-parametric
Spearman’s rank correlation test. We computed correla-
tions for AS cases and controls separately. Two-tailed sig-
nificance tests (P < 0.05) were reported throughout.



RESULTS

Subject Characteristics and ToM Scores

Thirteen AS patients aged 17-38 years (mean: 24.5
+ 7.4 years) were included in the study. All subjects were
right handed, Caucasian, and male. While 8 of the sub-
jects were non-medicated, 4 subjects were on long-term
risperidone treatment and 1 was on olanzapine treat-
ment. There were no demographic differences between
the medicated and non-medicated subjects. Twenty
right-handed, Caucasian male controls aged 19-37 years
(mean: 26.5 + 4.9 years) were also included in the study.
WAIS-R full-scale IQ scores were similar in the AS cases
(88.4 + 11.1) and controls (90.1 + 11.7). There were
no significant differences in age or WAIS-R full-scale IQ
scores between the 2 groups. Mean ToM score was lower
in the AS group (2.85 + 0.80) than in the control group
(3.80 + 0.52) (F(1, 32) = 17.2, P < 0.001).

Intragroup Correlations with MRS

AS Subjects

DLPFC NAA/Cho levels were inversely correlated
with ToM scores (r = — 0.738, P = 0.004). On the other
hand, ToM performance increased as the DLPFC Cho/
Cr level increased (r = 0.656, P = 0.015). ACC MRS
variables were not significantly correlated with ToM per-
formance in the AS group (Table 1).

Controls

There were no significant correlations between MRS
data and ToM performance in the control group (Table 1).

DISCUSSION
Our goals in this study were to evaluate the relation-
TABLE 1. Correlation between ToM test scores and MRS variab-

les. Spearman’s rho. NAA: N acetylaspartate; Cho; choline; Cre;
creatine.

Asperger’s Syndrome Controls

Anterior cingulate cortex

NAA/Cho r=-0.393;P=0.184 r=0.079;P=0.742
Cho/Cr r=0.117;P=0.703 r=-0.114;,P=0.633
NAA/Cr r=-0.229;P=0.453 r=-0.064;P=0.788
Dorsolateral prefrontal cortex

NAA/Cho r=-0.738;P=0.004 r=-0.368;P=0.110
Cho/Cr r=0.656; P=0.015 r=0.071;P=0.765
NAA/Cr r=-0.340;P=0.256 r=-0.134;P=0.572

ship between brain neurochemistry and ToM perform-
ance in AS patients. The main findings were as follows:
1) AS patients had impaired ToM performance; 2) Sig-
nificant relationships were observed between DLPFC
NAA/Cho and Cho/Cr, and ToM performance in the
AS patients. The first finding was consistent with previ-
ous studies that reported significant differences (Baron-
Cohen et al., 1997; Jolliffe and Baron-Cohen, (1999).
To the best of our knowledge this is the first report of
a relationship between ToM test performance and Cho,
Cr, and NAA ratios.

Our results show that dorsolateral prefrontal cortex
Cho/Cre levels were correlated and that NAA/Cho levels
were inversely correlated with ToM performance in the
AS patients. In the present study the dorsal prefrontal
VOI included BA9, which has been indicated as a part
of the ventral neural network and includes the dorsal-
medial prefrontal cortex, anterior cingulate, amygdala,
and temporal cortex, which is believed to be more closely
related to ToM ability (Abu-Akel, 2003; Mundy, 2003).
Nonetheless, we did not observe a significant correlation
between ACC variables and ToM performance. Another
important point was that we did not observe any sig-
nificant differences in DLPFC metabolite ratios between
the AS and control subjects (Oner et al., 2007). Thus,
the reported correlation might not indicate a causal re-
lationship.

Previous analysis indicated that Daha 6nce yapilan
analizlerde AS olgularinda, NAA/Cho is higher and
Cho/Cr is lower in AS patients than in controls; howev-
et, the difference was not statistically significant (Oner et
al., 2007). Since NAA/Cho was inversely correlated and
Cho/Cr was correlated with ToM performance, it can
be suggested that the Cho level that was related to better
ToM test performance in the AS group. These results are
not completely consistent with those of Murphy et al.
(2002), who reported higher NAA, Cho, Cr, and phos-
phocreatinine levels in the prefrontal cortex. Nonethe-
less, in that study absolute metabolite levels were reported
and a correlation between the metabolites and ToM per-
formance was not investigated. The Cho peak includes
soluble membrane phospholipids, such as phosphoryl-
choline (PCho), glycerophosphocholine (GPCho), and a
relatively negligible amount of free choline (Miller et al.,
1996). An increase in the Cho peak is associated with an
increase in membrane breakdown or turnover. The Cho
peak is also thought to reflect cellular density and astro-
cytosis (Miller et al., 1996). It has been suggested that
membrane turnover and astrocytosis might affect cogni-
tive function; this could be via an indirect mechanism,



such as cholinergic pathway dysfunction, as the observed
relationships are weak (Ross and Sachdev, 2004).

Nonetheless, the increase in the metabolites associat-
ed with cell membranes can also be interpreted as an in-
crease in the processes related to plasticity. Exton (1994)
reported that Cho resonance was affected by intracellu-
lar signal transmission changes; therefore, it can be sug-
gested that AS patients with increased plasticity might
have better ToM performnce. Our results also suggested
that changes in the Cho peak might be differentially as-
sociated with ToM performance. A previous study that
investigated the correlation between neuropsychological
measures, including full-scale IQ, Wisconsin Cart Sort-
ing Test (WCST) perseverative error score, and Delayed
Free Recall score from the California Verbal Learning Test
(CVLT) with 31P MRS variables showed that only the
high-functioning autistic subjects, not the controls, had
significant correlations (Minshew et al., 1993). These
authors reported that dorsal prefrontal phosphocreatine
levels decreased with decreasing WCST, full-scale 1Q,
and CVLT scores, reflecting the biological significance
of the hypermetabolic energy state in autism. Our results
were somewhat consistent with the results of that study,
as changes in PME and PDE were also related to mem-
brane turnover and function (Ross and Sachdev, 2004).
The discrepancy between our results and Minshew et
al.’s might be due the fact that we did not analyze abso-
lute metabolite levels, but metabolite ratios.

Similarly to Minshew et al. (1993), we did not ob-
serve significant correlations between neuropsychologi-
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