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Background. The mildly learning disabled population has a three-fold elevated risk for schizophrenia. It has been

proposed that in some individuals this cognitive limitation is a pre-psychotic manifestation of early onset schizo-

phrenia. We examined clinical and neuroanatomical measures of a putative extended phenotype of schizophrenia in

an adolescent population receiving special educational assistance. We predicted that people with intellectual impair-

ment and schizotypal features would exhibit amygdala volume reduction as one of the neuroanatomical abnormal-

ities associated with schizophrenia.

Method. Assessment by clinical interview, neuropsychological assessment and magnetic resonance imaging

scanning was carried out in 28 intellectually impaired individuals identified as being at elevated risk of schizophrenia

due to the presence of schizotypal traits, 39 intellectually impaired controls and 29 non-intellectually impaired

controls. Amygdala volume was compared in these three groups and the relationship between symptomatology and

amygdala volume investigated.

Results. Right amygdala volume was significantly increased in the elevated risk group compared with the

intellectually impaired controls (p=0.05). A significant negative correlation was seen between left amygdala volume

and severity of negative symptoms within this group (p<0.05), but not in either control group.

Conclusions. Intellectually impaired subjects judged to be at elevated risk of schizophrenia on the basis of clinical

assessment exhibit structural imaging findings which distinguish them from the generality of learning disabled

subjects. Within this population reduced amygdala volume may be associated with negative-type symptoms and be

part of an extended phenotype that reflects particularly elevated risk and/or early manifestations of the development

of psychosis.
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Introduction

There is a well-established relationship between

schizophrenia and cognitive impairment at all stages

of the illness – pre-morbidly (Niemi et al. 2003), during

the acute phase (Johnstone et al. 2002) and in chronic

illness (Cunningham Owens & Johnstone, 1980). It is

also well recognized that in people with mild ‘ learn-

ing disability ’ [intelligence quotient (IQ) between

50 and 70, International Classification of Diseases

(ICD-10) ; WHO, 1992], schizophrenia is relatively

common, with a prevalence three to five times that

of the general population (Turner, 1989 ; Morgan

et al. 2008). The association between schizophrenia

and cognitive impairment could arise from two main

possibilities. First, it may be that restricted cognitive

function increases the vulnerability to schizophrenia,

the suggested mechanism being the overload on com-

prehension imparted by partly understood stimuli

(Doody et al. 1998). Alternatively, the presence of a

schizophrenic diathesis may itself form the underlying

basis of evident cognitive impairment ; this, possibly

together with motor and social impairment, being the

initial symptom of severe schizophrenia.

In an attempt to clarify these issues, previous

studies in our department compared subjects with

co-morbid schizophrenia and learning disability with

individuals with learning disability alone and schizo-

phrenia alone in terms of clinical, imaging and genetic

parameters (Doody et al. 1998 ; Sanderson et al. 1999 ;

Bonnici et al. 2007). Structural brain changes in the co-

morbid sample were reported to strongly resemble
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those of the schizophrenic sample and be very differ-

ent from the group with learning disability alone.

Smaller amygdala–hippocampal complexes (AHC) re-

lative to whole-brain size were seen in both schizo-

phrenic populations, but not the non-schizophrenic

learning disabled group. In addition, the co-morbid

population had high rates of chromosomal variants

and abnormalities (Muir et al. 1998 ; Johnstone et al.

2007). These results are consistent with a postulate

that this co-morbidity principally represents a form of

severe schizophrenia, and opens up the possibility

that within the young learning disabled population

there may be individuals whose cognitive deficits are

part of the natural history of an illness where the

clinical features that define schizophrenia have yet to

become manifest.

Volume reduction of the AHC and indeed the indi-

vidually measured amygdala and hippocampus are

in fact some of the most replicated structural magnetic

resonance imaging (MRI) findings in established

schizophrenia (Lawrie & Abukmeil, 1998; Wright et al.

2000). There is also evidence that this volume loss may

predate psychosis (Lawrie et al. 2008).

The current study, arising from the Edinburgh

Study of Co-morbidity (ESC), concerns a group of

individuals at enhanced risk of schizophrenia for

both cognitive and behavioural reasons. They were

receiving special educational support for evident

cognitive difficulties and also scored highly on the

Structured Interview for Schizotypy (SIS) (Kendler

et al. 1989) and the Childhood Behaviour Checklist

(CBCL) (Achenbach, 1991), measures found to pre-

dict schizophrenia in the Edinburgh High Risk

Study (EHRS). Previous studies on this group have

demonstrated that they share neuropsychological

and neuroanatomical similarities with those at high

risk of schizophrenia for familial reasons. Specifically

they exhibit increased right prefrontal gyrification

(Stanfield et al. 2008b) have high rates of partial

psychotic symptoms (Johnstone et al. 2007), and have

impairments on tests of memory and executive func-

tion when compared with IQ-matched controls

(Johnstone et al. 2005, 2007). This suggests that, despite

the ESC population being identified in quite a different

way from the genetically high-risk EHRS population,

in both contexts these scales are identifying a sub-

group of individuals particularly likely to develop

schizophrenia and sharing common features. Con-

sidering this, together with the increasing evidence

that disruption of amygdala structure and function

may be associated with emotion processing abnor-

malities and symptoms in schizophrenia (Kapur, 2003 ;

Gur et al. 2007), we hypothesized that this group

would show reductions in amygdala volume com-

pared with controls and that the degree of volume

reduction would correlate with measures of symptom

severity.

Method

Recruitment and assessment

Subject recruitment occurred as part of the ESC, the

aim of which is to examine the neurobiological fea-

tures of psychiatric disorders in adolescents with

cognitive impairment. Full details of recruitment are

available elsewhere (Johnstone et al. 2007). Briefly,

schools and colleges throughout Scotland were con-

tacted and asked to identify young people receiving

special educational assistance. As IQ is not routinely

measured in the Scottish educational system, teachers

were asked to identify adolescents who were func-

tioning at a level consistent with an estimated IQ of

between 50 and 80. This identification was on the basis

of the teacher’s global impression. Exclusion criteria at

recruitment were a known chromosomal abnormality,

severe cerebral palsy, profound learning disability,

lack of speech and a known brain injury. All potential

participants were then screened using the SIS and the

CBCL. Cut-offs on these instruments had been found

to predict the later development of schizophrenia in

the EHRS (Miller et al. 2002 ; Johnstone et al. 2005). On

the basis of cut-off scores on these two instruments

(30.5 for the SIS and 85.5 for the CBCL), four cells were

filled comprising individuals with ‘high’ scores on

each, ‘ low’ scores on each, and ‘high’ on one and

‘ low’ on the other. These cells were then sampled

randomly so that the final sample contained 168 par-

ticipants with approximately equal numbers from

each cell. This study concerns the group that scored

‘high’ on both screens (SIS+/CBCL+ group) and

the group that scored ‘ low’ on both (SISx/CBCLx
group), the latter serving as IQ-matched controls

(Johnstone et al. 2007). None of these participants had a

history of psychotic illness, antipsychotic medication

or substance use. An additional control group of age-

matched young people with no history of psychiatric

disorder or special educational requirements was re-

cruited through youth and voluntary organizations in

the areas fromwhich the sample came and was subject

to the same investigations.

Each participant received a measure of IQ using

the Wechsler Intelligence Scale for Children or the

Wechsler Adult Intelligence Scale (as appropriate to

the individual’s age) (Wechsler, 1992, 1999) and a rat-

ing of their current symptomatology using the Positive

and Negative Syndrome Scale (PANSS; Kay et al.

1987). All clinical ratings were done blind to CBCL/

SIS cell allocation. Each participant also received a

structural MRI scan.
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MRI protocol and image processing

MRI was performed at the Scottish Higher Education

Funding Council (SHEFC) Brain Imaging Research

Centre for Scotland on a 1.5T GE Signa Echospeed

system (GE Medical Systems, USA) operating in re-

search mode consisting of a T1-weighted sagittal se-

quence with parameters of echo time (TE)=16 ms,

repetition time (TR)=450 ms, excitations=0.75 and a

T2-weighted axial sequence with parameters of TE=
102 ms, TR=6300 ms, excitations=2. Volume data

were obtained with a three-dimensional inversion-

recovery prepared T1-weighted sequence with para-

meters of TE=3.3 ms, TR=8.1 ms, excitations=1,

inversion delay (TI)=600 ms, flip angle=15x, slice

thickness=1.7 mm (no gap), matrix=256r192, field

of view=220 mm.

Amygdala measurement

In vivo assessment of amygdala volume by MRI is

generally recognized as challenging (Convit et al.

1999). The amygdala and structures surrounding it

have similar signal intensities, a fact which makes ac-

curate delineation of amygdala boundaries difficult.

Perhaps unsurprisingly, therefore, a striking feature

of studies that have addressed the measurement of the

amygdala both in subjects with and without schizo-

phrenia is the wide range of volumes encountered

(Pruessner et al. 2000 ; Wright et al. 2000). It is re-

cognized that methodologies that rely heavily on

external landmarks tend to yield larger amygdala

sizes (Chance et al. 2002). The method of amygdala

measurement described by Schumann et al. (2004)

was employed as the basis of our tracing protocol,

as this does not rely heavily on external landmarks

(Schumann et al. 2004). All tracing was undertaken

with frequent reference to an atlas of neuroanatomy

to further ensure accuracy of anatomical delineation

(Duvernoy, 1999). Tracing was primarily undertaken

by K.W., with A.S. tracing duplicate scans to de-

termine inter-rater reliability. The tracing protocol

demonstrated an inter-rater reliability of 0.80, and an

intra-rater reliability of 0.84 on 15 randomly selected

amygdalae.

Statistical analysis

All statistical analyses were carried out using

SPSS 14.0 for Windows (SPSS Inc., USA). The 28 SIS+/

CBCL+ subjects, 39 SISx/CBCLx subjects and 29

unrelated controls were compared with regard to

demographic and clinical characteristics. Between-

group differences were tested using x2 analyses

for categorical variables and analysis of variance

(ANOVA) for continuous variables.

Whole-brain volume was compared between the

groups using analysis of covariance (ANCOVA) with

whole-brain volume as the dependent variable, group

and gender as fixed factors and age as a covariate.

Raw amygdala volumes were compared between

the groups using ANOVA. Due to significant differ-

ences in gender ratio and brain volume between the

groups, ANCOVA was then employed with amygdala

volume as the dependent variable, group and gender

as fixed factors and whole-brain volume and age as

covariates. Standardized residual plots were checked

for normality and the assumption of homogeneity of

regression slopes was met. Within each of the three

groups partial correlation coefficients controlling for

whole-brain volume, age and gender were used to

examine the relationship between amygdala volume

and clinical variables as assessed by PANSS.

Results

The demographic characteristics of the three groups

under study are detailed in Table 1. There was a sig-

nificant overall gender imbalance between the groups,

and gender was therefore used as a covariate in be-

tween-group analyses. After adjustment for age and

gender, whole-brain volume was found to differ sig-

nificantly between the three groups [F(2, 91)=3.65,

p=0.03]. Post-hoc analysis revealed that though the

difference in whole-brain volume between the un-

related control and SIS+/CBCL+ groups was non-

significant, that between the unrelated controls and

SISx/CBCLx subjects was clearly significant (p=
0.009).

Comparison of amygdala volume in study and

control groups

Raw amygdala volumes are detailed in Table 2, to-

gether with comparison of the three groups by

ANOVA. As can be seen from the pairwise analysis,

both right and left amygdalae were larger in the SIS+/

CBCL+ group compared with the SISx/CBCLx
group; this difference was significant on the right

side (p=0.020), and approached significance on the

left (p=0.054). Analysis was repeated by ANCOVA,

covarying for age, gender and whole-brain volume;

these results are detailed in Table 3. The ANCOVA

analysis showed a weak trend towards the main effect

[F(2, 93)=2.41, p=0.096] for the right amygdala.

Between-group comparisons revealed a significantly

larger right amygdala in the SIS+/CBCL+ group

versus the SISx/CBCLx group (p=0.05), and a trend

towards a larger right amygdala in the SIS+/CBCL+
group compared with normal controls (p=0.068).

Although left amygdala volume was also greater in
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the SIS+/CBCL+ group than both the SISx/CBCLx
and normal control groups, this finding did not reach

significance.

Analyses within the study groups

The results of the partial correlations between amyg-

dala volume and PANSS scores are shown in Table 4.

A significant negative correlation was seen between

score on the negative subset of symptoms on the

PANSS and left amygdala volume [r=x0.43, p (two-

tailed) 0.039] (Fig. 1), no such relationship being seen

in either comparator group. To exclude the possibility

that skew or outliers were driving a spurious associ-

ation, analysis was repeated using a log transform-

ation. This reduced the measure of skewness, and led

to an increase in the linear association (r=x0.40,

p=0.043). The partial correlation also remained sig-

nificant (r=x0.42, p=0.043).

Discussion

In this study of cognitively impaired individuals we

found that, rather than amygdala volume being re-

duced in the high-risk group compared with either

control group, it was in fact increased. We also ident-

ified a significant negative association between sever-

ity of negative symptoms and volume of the left

amygdala within the SIS+/CBCL+ group.

The former finding was not expected at the outset of

the study. At first consideration it appears to stand in

contrast to results from the EHRS, in which the AHC

was found to be reduced in volume in a high-risk

population, even prior to the onset of psychosis and

that this volume loss was evident throughout the

length of the AHC (Lawrie et al. 2001, 2003). It is im-

portant to stress, however, that though the finding

of reduced amygdala volume is one of the most

replicated in chronic schizophrenia, data from in-

dividuals who are well, though destined to become

psychotic, are notably sparse. Another prominent

study aiming to identify vulnerability markers pre-

dicting schizophrenia before frank psychosis is that

conducted in the Personal Assessment and Crisis

Evaluation clinic in Melbourne, Australia. In contrast

to the Edinburgh group, this study used a ‘close in’

strategy to identify those symptomatic, clinically com-

promised, and help-seeking individuals at imminent

risk of developing a florid psychosis, but not yet

Table 1. Demographic characteristics, IQ and mean CBCL and SIS scores for SIS+/

CBCL+ subjects, SISx/CBCLx subjects and unrelated controls

SIS+/CBCL+
(n=28)

SISx/CBCLx
(n=39)

Non-intellectually

impaired controls

(n=29) pa

Age, years 16.09 (1.88) 16.47 (1.48) 16.45 (1.71) 0.57

Gender, n 0.02

Male 20 22 10

Female 8 17 19

Height, cm 166.85 (9.58) 167.35 (8.71)b 167.96 (10.22) 0.91

Full IQ 74.64 (17.95) 73.33 (16.56) 104.65 (18.14) <0.01

Whole-brain

volume, cm3

1352.75 (176.08) 1301.74 (175.46) 1359.06 (147.11) 0.03

SIS 38.50 (8.04) 21.26 (6.28) 18.52 (6.01) <0.01

CBCL 111.82 (17.88) 51.77 (22.82) 14.17 (12.02) <0.01

PANSS symptoms

Total 47.37 (12.41) 37.29 (5.63) 32.52 (3.30) <0.01

Positive 10.00 (2.75) 7.90 (1.68) 7.39 (0.84) <0.01

Negative 12.78 (6.31) 10.23 (3.58) 7.70 (1.72) <0.01

General 24.59 (6.28) 19.13 (3.31) 17.43 (2.17) <0.01

Values are given as mean (standard deviation).

IQ, Intelligence quotient ; CBCL, Childhood Behaviour Checklist ; SIS, Structured

Interview for Schizotypy ; PANSS, Positive and Negative Syndrome Scale.
a Results of ANOVA analysis comparing the three groups, except for the gender

comparison for which x2 was used, and comparison of whole-brain volumes for

which ANCOVA was used with gender and age included as covariates.
b Data missing for two subjects.
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Table 3. Comparison of amygdala volume in the three groups after covariation for gender, age and whole-brain volume

Adjusted amygdalae volumes, cm3 (S.D.) ANCOVA

Pairwise comparisons

SIS+/CBCL+
v. controls

SIS+/CBCL+
v. SISx/CBCLx

SIS+/CBCL+ SISx/CBCLx Controls F df p p p

Right amygdala 1.383 (0.047) 1.264 (0.039) 1.259 (0.046) 2.41 2, 90 0.096 0.068 0.050

Left amygdala 1.358 (0.044) 1.272 (0.037) 1.244 (0.043) 1.84 2, 90 0.164 0.075 0.131

S.D., Standard deviation ; ANCOVA, analysis of covariance ; SIS, Structured Interview for Schizotypy ; CBCL, Childhood Behaviour Checklist ; df, degrees of freedom.

Table 2. Raw amygdala volume (cm3) in SIS+/CBCL+, SISx/CBCLx and control subjects compared by ANOVA

Right amygdala Left amygdala

Mean (S.D.)

Analysis

Mean (S.D.)

Analysis

General

Pairwise

General

Pairwise

SIS+/CBCLv+
v. controls

SIS+/CBCL+
v. SISx/CBCLx

SIS+/CBCL+
v. controls

SIS+/CBCL+
v. SISx/CBCLx

SIS+/CBCL+ 1.396 (0.346) F=2.96, p=0.083 p=0.020 1.365 (0.312) F=2.09, df=2, p=0.121 p=0.054

SISx/CBCLx 1.243 (0.263) df=2, 93, 1.247 (0.231) 93, p=0.013

Unrelated controls 1.275 (0.127) p=0.057 1.264 (0.177)

SIS, Structured Interview for Schizotypy ; CBCL, Childhood Behaviour Checklist ; ANOVA, analysis of variance ; S.D., standard deviation ; df, degrees of freedom.
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actively psychotic ; a group labelled ‘ultra-high risk’

(Velakoulis et al. 2006). In one study of this population

the amygdala itself was measured using region of in-

terest methodology (Velakoulis et al. 2006). This study

reported normal amygdala volume in ultra-high-risk

subjects, a finding replicated in a subsequent Swiss

voxel-based morphometry study of patients with a

similarly at-risk mental state (Borgwardt et al. 2007).

Thus, despite robust data indicating reduced amy-

gdala volume in established schizophrenia, the pres-

ence or absence of changes prior to onset of the

disorder have not yet been well established.

Other interpretations for the apparent differences

between the EHRS results we have reported before

and the ESC results reported here need to be con-

sidered. One possibility is that these are attributable

to the younger age of the ESC population. More in-

triguing is the possibility that the SIS and CBCL are

identifying individuals within the intellectually im-

paired group with specific, but non-schizophrenifrom,

conditions. Autism is one such possibility, and given

the evidence that brain volumes are enlarged in aut-

ism (Stanfield et al. 2008a), perhaps particularly in

those with autism and low IQ, it is conceivable that

the schizotypal population may also have autistic fea-

tures. This possible overlap between the schizophrenia

and autism spectra is being addressed in other studies

in which we are currently engaged. It is also possible

that the measures are identifying individuals with

other conditions, such as affective disorders or per-

sonality disorders. However, given the previously

reported neuroanatomical and neuropsychological

similarities between the group under study and those

at risk of schizophrenia for familial reasons this seems

unlikely.

It is interesting to note that, although non-signifi-

cant, there is a higher proportion of males in the SIS+/

CBCL+ group compared with the SISx/CBCLx
group. This is in keeping with previous studies iden-

tifying an excess of males in those with schizophrenia

from a learning disabled population (Cooper et al.

2007). Although the difference is non-significant we

did include gender as a covariate in our analysis ;

hence the excess of males is unlikely to account for the

results we report.

The finding of significantly larger right amygdala

volume in the SIS+/CBCL+ compared with the

SISx/CBCLx group, even after controlling for the

larger whole-brain volume of the former, is striking. It

suggests that there are structural brain differences as-

sociated with the clinical features differentiating these

two intellectually impaired groups which we predict

to be at relatively high and low risk of schizophrenia.

The whole-brain volume of the SISx/CBCLx intel-

lectually impaired group is significantly smaller than

that of the normal control group, but there is no sig-

nificant difference in whole-brain volume between

the SIS+/CBCL+ and normal control group. Those

Table 4. Partial correlation between score on the PANSS and amygdala volume within the

study group, with covariation for gender, age and whole-brain volume

PANSS

positive

PANSS

negative

PANSS

general

PANSS

total

Right amygdala Correlation 0.010 x0.150 0.159 0.018

p 0.962 0.483 0.459 0.934

Left amygdala Correlation 0.090 x0.429 0.126 x0.127

p 0.676 0.037 0.557 0.555

PANSS, Positive and Negative Syndrome Scale.

Left amygdala volume (mm3)
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Fig. 1. Left amygdala volume and score on the negative

subset of the Positive and Negative Syndrome Scale for the

group with high scores on both the Structured Interview for

Schizotypy and the Childhood Behaviour Checklist.
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intellectually impaired individuals posited to be at

elevated risk for schizophrenia appear to have differ-

ent structural brain imaging characteristics (here, pre-

ferentially affecting the amygdala) from the generality

of learning disabled individuals (who tend to have

reduced whole-brain volume). This is of particular

interest when considered with the findings of previous

studies comparing structural imaging findings in

subjects co-morbid for schizophrenia and learning

disability with those with schizophrenia and learning

disability alone. As noted in the Introduction, these

studies reported that structural brain changes in the

co-morbid sample were very different from those

with learning disability alone, though generally in-

distinguishable from those in non-learning disabled

subjects with schizophrenia (Sanderson et al. 1999 ;

Moorhead et al. 2004 ; Bonnici et al. 2007). The current

findings extend these observations to suggest that

intellectually impaired subjects who are not yet

psychotic but judged to be at elevated risk of schizo-

phrenia in terms of clinical assessment can be dis-

tinguished from the generality of intellectually

impaired subjects on the basis of structural imaging

findings.

If it is the case that enlarged amygdala volume is a

feature of elevated risk for schizophrenia, how can this

be reconciled with the reduced amygdala volume seen

in established schizophrenia? This would imply that

the development of a frank schizophrenic illness in-

volves amygdala volume loss, and that this process

may in itself contribute to the development of schizo-

phrenic psychopathology. A possible mechanism that

could account for this process is one of amygdala hy-

peractivity and subsequent atrophy, these changes

potentially being triggered by events such as exposure

to environmental stressors. Indeed, this explanation

has previously been posited to explain amygdala vol-

ume loss with time in children with autism (Nacewicz

et al. 2006). It may be that structurally abnormal

amygdalae, such as the abnormally large structures

found in the SIS+/CBCL+ subjects, are particularly

vulnerable to this process. As they are currently early

in the development of illness (and yet to manifest

frank psychotic symptoms), little of this atrophy has

yet occurred, so explaining their relatively greater

volume at the time of assessment.

If the above explanation were true, then we would

expect that within the SIS+/CBCL+ group those who

were beginning the transition to a schizophrenic ill-

ness would exhibit amygdala volume loss. This is in-

deed what may be suggested by the second finding of

this study, the significant negative correlation between

left amygdala volume and severity of negative symp-

toms. It is possible that this is a consequence of some

of the SIS+/CBCL+ subjects beginning the process of

transition to schizophrenia, this being associated with

a loss of amygdala volume which manifests clinically

as the development of negative symptoms. That these

at-risk individuals are losing amygdala volume over

time is given further credence by additional analysis of

this dataset. Tensor-based morphometry analysis of

subjects scoring above cut-off on the SIS confirms left

amygdala volume loss in this at-risk group over an 18-

month period following from these baseline scans.

This strongly suggests that a dynamic process of

amygdala volume loss is indeed occurring in these

subjects (Moorhead et al. in press).

In the discussion above the co-occurrence of nega-

tive symptoms and reduced amygdala volume in

the SIS+/CBCL+ group is attributed to both being

manifestations of an underlying schizophrenic dia-

thesis. It could be argued, however, that negative

symptoms may simply be manifestations of learning

disability (for example, representing general functional

impairment), and the greater the severity of this the

smaller the amygdala. The absence of a similar associ-

ation between reduced amygdala volume and negative

symptoms in the SISx/CBCLx group makes this ex-

planation improbable, though to fully address this

possibility we would ideally ascertain if characteristics

such as functional impairment independently corre-

lated with amygdala volume. Unfortunately, no such

measures were included in the study, and this could

be regarded as a potential weakness. Conversely,

however, though data are sparse, schizophrenia as-

sociated with learning disability is recognized as ex-

hibiting a particularly pronounced deficit state (Doody

et al. 1998 ; Hassiotis et al. 1999). This would fit with

the possibility that both the psychosis and cognitive

impairment of co-morbid populations are manifes-

tations of a ‘severe schizophrenia ’, and suggest that

the negative symptoms exhibited by SIS+/CBCL+ in-

dividuals in this study are indeed early manifestations

of an underlying schizophrenic diathesis.

The association described above is given greater

credence if a hypothesis can be described by which

amygdala dysfunction results in negative symptoms.

Such a model has been suggested by Grossberg. He

proposes that the emotional centres of the brain (in

particular the amygdala) interact with sensory and

prefrontal cortices to generate affective states and elicit

motivated behaviours (Grossberg, 2000). If emotional

centres become depressed, feedback loops are dis-

turbed and negative symptoms can emerge. A pri-

mary lesion in the amygdala can thus have

widespread effects, with a reduction in incentive mo-

tivating signals from depressed amygdala circuits

projecting to the prefrontal cortex being one possible

cause of the decreased prefrontal activity seen in

schizophrenia.
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On considering the model described above, the rel-

evance of findings from this study are potentially sig-

nificant. From the above it would be expected that if an

individual experiences reduced incentive motivating

signals to the prefrontal cortex, these would be clini-

cally manifest as negative-type symptoms. These

could be present for many years before psychosis is

present and, together with cognitive deficits, be clini-

cally manifest as learning disability. Thus, in a popu-

lation at elevated risk of schizophrenia but not yet

psychotic, a greater weight of negative symptoms

could reflect greater impairment of incentive motivat-

ing signals from an abnormal amygdala. This impair-

ment of amygdala function would be expected to be

due to abnormal development of the structure, which

may have been present from very early life. Such a

structure may be more vulnerable to further insults,

which occur during the period of (and may contribute

to the transition to) schizophrenia. It seems logical

to expect that the greater the extent of the lesion to

the amygdala, the greater the impairment of its func-

tion. Thus, if the structure experiences further dam-

age, then the weight of negative symptoms increases.

Additionally, ongoing damage may well be significant

in the development of positive symptoms.

The unilateral nature of this association must be

acknowledged, but is in fact compatible with this

model. Amygdala volume loss in schizophrenia has

been reported as more notable on the left, and when

identified unilaterally it is generally on this side

(Shenton et al. 2001 ; Honea et al. 2005). That amygdala

volume loss may occur earlier on the left side is sug-

gested by meta-analysis of first-episode case–control

studies finding that left-sided amygdala volume loss is

greater than right (though it is actually the case that

even this is present only at trend level at this stage of

illness) (Vita et al. 2006). It would thus be expected that

in a population such as ours (in which the putative

process of transition to schizophrenia is in its early

stages), any amygdala volume reductions associated

with symptoms which are detectable would be on the

left side.

The idea that structural brain abnormalities may

precede frank psychosis is not new. Indeed, the basic

premise for this study was that there may be a sub-

group of learning disabled individuals whose cogni-

tive impairment is due to a schizophrenic illness yet to

become manifest as psychotic symptoms. Though in-

terpretation is limited to those with mild/borderline

intellectual impairment rather than more severe im-

pairment, the current findings expand on this. They

suggest that those intellectually impaired subjects at

elevated risk of developing schizophrenia have ab-

normally large amygdalae. Within this population,

however, there is an association between smaller

amygdalae and more negative symptoms. Though

follow-up is of course required, it seems likely that the

risk of developing schizophrenia is even higher for

these individuals with smaller amygdalae. If these

are the individuals who do go on to develop schizo-

phrenia, then it may be that these are further charac-

teristics which can be used to refine models designed

to predict the risk of schizophrenia developing in an

individual.
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