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a b s t r a c t

Background: Biomarkers are needed that can distinguish between schizophrenia and schizoaffective
disorder to inform the ongoing debate over the diagnostic boundary between these two disorders.
Neuromorphometric abnormalities of the thalamus have been reported in individuals with schizo-
phrenia and linked to core features of the disorder, but have not been similarly investigated in indi-
viduals with schizoaffective disorder. In this study, we examine whether individuals with schizoaffective
disorder have a pattern of thalamic deformation that is similar or different to the pattern found in
individuals with schizophrenia.
Method: T1-weighted magnetic resonance images were collected from individuals with schizophrenia
(n ¼ 47), individuals with schizoaffective disorder (n ¼ 15), and controls (n ¼ 42). Large-deformation,
high-dimensional brain mapping was used to obtain three-dimensional surfaces of the thalamus.
Multiple analyses of variance were used to test for group differences in volume and measures of surface
shape.
Results: Individuals with schizophrenia or schizoaffective disorder have similar thalamic volumes.
Thalamic surface shape deformation associated with schizophrenia suggests selective involvement of the
anterior and posterior thalamus, while deformations in mediodorsal and ventrolateral regions were
observed in both groups. Schizoaffective disorder had distinct deformations in medial and lateral
thalamic regions.
Conclusions: Abnormalities distinct to schizoaffective disorder suggest involvement of the central and
ventroposterior medial thalamus which may be involved in mood circuitry, dorsolateral nucleus which is
involved in recall processing, and the lateral geniculate nucleus which is involved in visual processing.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

There is ongoing debate as to whether the DSM-V should
replace the distinction between schizophrenia and psychotic mood
disorders with a dimensional approach that considers a continuum
of psychotic illnesses, including schizophrenia, schizoaffective
disorder and psychotic bipolar disorder (Laursen et al., 2009). This
approach draws support from recent findings in the genetic,
cognitive, and clinical literature that have challenged distinctions
between schizophrenia and psychotic mood disorders.

The genetic literature suggests that schizophrenia and schizo-
affective disorder share a common genetic risk where the risk of
: þ1 312 695 6276.
(M.J. Smith).
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schizoaffective disorder is higher in relatives of schizophrenia
patients and vice versa (Gershon et al., 1988; Kendler and Diehl,
1993). Also, some research suggests that schizophrenia and schiz-
oaffective disorder share a number of equally severe cognitive
deficits (Barch, 2009), while others have found the severity to
be of a lesser magnitude in schizoaffective disorder (Heinrichs
et al., 2008). Perhaps the most controversial distinction between
schizophrenia and schizoaffective disorder is in the domain of
psychopathology. Recent findings are disparate as some show that
the severity of positive, negative and disorganized symptoms are
similar between individuals with schizophrenia and schizoaffective
disorder (Evans et al., 1999; Smith et al., 2009), while others show
severity in positive and negative symptoms that rank individuals
with schizoaffective disorder as intermediate between individuals
with schizophrenia and controls (Peralta and Cuesta, 2008).
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Table 1
Demographic and clinical characteristics of study sample.

SCZ
(n ¼ 47)

SA
(n ¼ 15)

CON
(n ¼ 42)

c2/F Statistic

Demographic
Age, years (SD) 41.2 (12.3) 42.6 (9.8) 42.6 (12.1) .18
Duration of illness, years

(SD)
18.0 (14.2) 17.9 (12.6) Na .002

Gender (% male) 55.3% 53.3% 54.8% .01
Mean SES (SD) 3.6 (.9) 3.4 (.9) 3.3 (1.0) .80
Race (% White) 51.1% 46.7% 57.1% .59

Clinical
Mean cigarette use, past

year (SD)a
4908
(4811)

3750
(3971)

1595
(2968)

7.4***

Substance use disorder
(% present)

Alcohol 40.4% 46.7% .0% .08
Cannabis 36.2% 33.3% .0% .04
Cocaine 19.1% 26.7% .0% .39
Stimulants 4.3% 6.7% .0% .14
Hallucinogen 6.4% 6.7% .0% .002
Sedatives 4.3% .0% .0% .66
Opioids 6.4% .0% .0% 1.01

Medication use
First generation only 2.1% 13.3% Na 3.10
Second generation only 59.6% 80.0% Na 2.07
Both first & second gen. 23.4% .0%* Na 4.27*
First generation dose-

yearsb
6.1 (7.9) 4.9 (2.1) Na .2

Second generation dose-
yearsc

3.7 (3.5) 4.3 (4.1) Na .5

Mood stabilizer 14.9% 26.7% Na 1.08
Anti-depressant 29.8% 80.0%* Na 11.77***

Note. *p < .05, **p < .01, ***p < .001.
a SCZ > CON (p < .001); SA > CON (p ¼ .081).
b n ¼ 12 for SCZ, n ¼ 2 for SA.
c n ¼ 38 for SCZ, n ¼ 13 for SA.
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Research examining the relationship of cognitive impairment to the
psychopathology of individuals with schizophrenia or schizo-
affective disorder suggests that both groups show moderate
correlations between negative symptoms and cognitive deficits,
with the magnitude of correlations in the individuals with schiz-
oaffective disorder being somewhat smaller (Smith et al., 2009).

The debate as to whether schizophrenia and schizoaffective
disorder are separable disorders would be greatly informed by
determining whether or not schizophrenia and schizoaffective
disorder shared similar neurobiological features. In this regard,
studies of brain structures, known to play central roles in supporting
key cognitive constructs, such as the thalamus, may be particularly
helpful (Byneet al., 2009;Csernanskyet al., 2004a;Harmsetal., 2007).

The results of several studies suggest that the thalamus, a brain
region that plays an integral role in cognitive processing and acts as
a relay station between the basal ganglia and the cerebral cortex,
has a significantly reduced volume in individuals with schizo-
phrenia (Konick and Friedman, 2001; Sim et al., 2006). Multiple
studies also examined whether the shape of the thalamus among
individuals with schizophrenia has patterns of deformation that are
characteristic of the disorder. Shape analysis can be used to identify
subtle regional deformations within a structure, and thus can be
complimentary to volumetry. Using computational anatomy to
examine two independent samples of individuals with schizo-
phrenia, our group has previously found significant inward defor-
mations of the anterior, medial, and posterior regions of the
thalamus; thus, implicating the anterior and mediodorsal nucleus
and the pulvinar in the pathophysiology of schizophrenia
(Csernansky et al., 2004a; Harms et al., 2007).

Although several studies have documented structural abnormal-
itiesof the thalamus in individualswithschizophrenia (for reviewsee
(Byne et al., 2009)), similar studies have not compared thalamic
morphometry between individuals with schizophrenia and individ-
ualswith schizoaffective disorder. However, structural abnormalities
of the thalamus were found in individuals who are at increased
genetic risk for developing schizophrenia or schizoaffective disorder
(Ettinger et al., 2007; Harms et al., 2007; Lawrie et al., 1999).

Based on prior research suggesting that schizophrenia and
schizoaffective disorder share similar clinical and cognitive profiles
(with a lesser magnitude in schizoaffective disorder), and that first-
degree relatives are at increased genetic risk and share attenuated
thalamic abnormalities, we hypothesized that individuals with
schizoaffectivedisorderwouldhave similar, but perhaps lessmarked,
patternsof thalamic volume loss and shapedeformationascompared
to individuals with schizophrenia. Given that mood dysregulation
is characteristic of schizoaffective disorder (Malhi et al., 2008) and
that the thalamus is involved with the neurobiological circuitry
associated with mood disorders (Price and Drevets, 2010), we also
hypothesized that schizoaffective disorder would have abnormal
neurobiological features of the thalamus that are distinct from the
patterns associatedwith schizophrenia.Wepreviously compared the
clinical and cognitive profiles of individuals with schizophrenia or
schizoaffectivedisorderusinga sample thatoverlapswith the current
one (Smith et al., 2009). Thus, we will report on the clinical and
cognitive profiles of the groups in the current study to confirm our
prior results, and explore whether there are neuromorphometric
abnormalities that correlate to cognition and psychopathology.

2. Methods

2.1. Sample

Participants included 47 individuals with schizophrenia (SCZ),
42 controls (CON), and 15 individuals with schizoaffective disorder
(SA). Recruitment methods by our group have been described
previously (Smith et al., 2009). The SCZ and CON subjects in this
study were selected from a larger sample of available participants
from our previous work (Csernansky et al., 2004a; Harms et al.,
2007; Smith et al., 2009), in order to match the SA subjects with
respect to age, gender, parental SES, and race. Socioeconomic status
was measured with the Hollingshead Four Factor Index of Social
Status (Hollingshead, 1975).

Given that a longer duration of illness, mood stabilizing
psychotropic and anti-psychotic medication treatment, and
a history of substance use disorders have been shown to affect
thalamic morphometry (Dazzan et al., 2005; Frodl et al., 2008; Gur
et al., 1998; Sassi et al., 2002; Wang et al., 2008) and that nicotine
reduces gray matter density (McClernon, 2009), we examined
whether between-group differences were present for these
potential confounds. Between-group differences on demographic
and clinical variables are summarized in Table 1. SCZ and SA did
not have statistically different durations of illness and lifetime
history of substance use disorders. Thus, these variables were
not examined as potential confounds. SCZ and SA differed with
respect to treatment with antidepressant medication (see Table 1).
We also found that SCZ and SA had greater nicotine use than CON.
Although the quantity of nicotine use and whether or not
patients received treatment with first- and second generation anti-
psychotic (FGA, SGA) and antidepressant medications differed
between groups, using them as covariates did not contribute
a significant amount of variance to the model nor did they change
the pattern of the results in volume and shape. Hence, nicotine use,
and whether or not patients received FGA, SGA, and antidepressant
treatment (for SCZ vs. SA comparisons only) were not used as
covariates in the final analysis. However, based on recent evidence
by Andreasen et al., 2010, we explored whether quantitative FGA
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and SGA measures (i.e., dose-years) are correlated with measures
of volume and shape in SCZ and SA.
2.2. Clinical and cognitive assessments

Research participants were assessed by Master’s or Doctoral
clinicians, blind to the diagnosis of the participant, who regularly
participated in training and reliability sessions. DSM-IV Axis I
diagnoses (i.e., schizophrenia or schizoaffective disorder) of each
participant were determined by the consensus of a research
psychiatrist and trained research clinicianswho used the Structured
Clinical Interview for DSM-IV Axis I Disorders (SCID) (First et al.,
2002). The SCID also identified whether participants had a lifetime
diagnosis of a substance use disorder for alcohol, cannabis, cocaine,
stimulants, hallucinogens, sedatives, and opioids. Substance use
disorders were defined as meeting DSM-IV-TR criteria for a lifetime
rating (but not current) of abuse or dependence (present: yes ¼ 1,
no ¼ 0). The participants’ duration of illness and treatment with
psychotropic medication were assessed using self-report. Nicotine
usewas estimatedusing self-report anda semi-structured interview
adapted from Sullivan et al. (2000), and the Lifetime Alcohol
Consumption Assessment Procedure (Skinner, 1982).

Participants completed a battery of neuropsychological tests.
Based on prior research (Nuechterlein et al., 2004), we converted
raw scores from the neuropsychological tests into standardized
scores (based on current sample) for four domains: IQ, working
memory, episodic memory, and executive functioning. Psychopa-
thology (i.e., positive, negative, disorganized symptoms) in the
patient groups (i.e., SCZ, SA) was assessed using global ratings from
the Scale for the Assessment of Positive Symptoms (Andreasen,
1983b) and the Scale for the Assessment of Negative Symptoms
(Andreasen, 1983a). All ratings were z-scored using the mean and
standard deviation of the current sample and averaged within
symptom clusters. A description of the specific neuropsychological
tests and global symptom ratings used for each cognitive and
psychopathological domain is reported in our prior work (Smith
et al., 2009).

Antipsychotic medication use by SCZ and SA was assessed via
self-report. Quantitative measures of FGA and SGA treatment were
based on the type of medication (i.e., FGA or SGA), the dosage
amount (in milligrams), the duration of use (in days over the past
two years), and guidelines for chlorpromazine equivalents recently
published by Andreasen and colleagues (Andreasen et al., 2010).
Their measure of ‘dose-years’ is defined as “the product of the
dose of a particular anti-psychotic (converted into equivalents of
a ‘standard medication such as chlorpromazine or haloperidol) and
the time on that dose expressed in years” (Andreasen et al., 2010).
2.3. Image acquisition

Details of image acquisition, surface mapping and analysis of
SCZ subjects can be found in previous published reports
(Csernansky et al., 2004a; Harms et al., 2007). These same methods
were applied to the SA sample for the current analysis. Briefly,
magnetic resonance (MR) scans were collected with a standard
head coil on a Siemens Magnetom 1.5-T (Erlangen, Germany)
scanner using a turbo-FLASH sequence (repetition time ¼ 20msec,
echo time ¼ 5.4msec, flip angle ¼ 30�, 180slices, FOV ¼ 256 mm,
matrix ¼ 356 � 256, time ¼ 13.5 min) that acquired 1 mm3

isotropic whole-head image (Venkatesan and Haacke, 1997). Total
brain volume was estimated using an atlas scaling factor (ASF)
(Buckner et al., 2004). The ASF is the reciprocal of the determinant
of the alignment matrix to Talairach atlas space, and it signifies the
extent that brain volume contracts or expands during alignment.
The ASF did not show between-group differences (F ¼ .8, p ¼ .45)
and thus, was not used as a covariate in statistical analyses.

2.4. Surface mapping

The surface of the thalamus was transferred from a template
scan (from a subject not included in this study) by applying Large-
Deformation High-Dimensional Brain Mapping (HDBM-LD)
(Csernansky et al., 2004b). Our group has previously established the
validity and reliability of HDBM-LD for mapping the thalamus
(Csernansky et al., 2004a; Harms et al., 2007). Prior to diffeomor-
phic transformations, anatomic landmarks were placed by expert
raters who were blinded to the group status of the scan being
landmarked. Detailed landmarking procedures can be found in
previous publications from our group (Csernansky et al., 2004a;
Mamah et al., 2007). We consulted with an atlas of the human
brain to associate deformation patterns to particular thalamic
nuclei (Mai et al., 1997).

2.5. Data analysis

A two-way ANOVA with group and hemisphere as fixed effects
was used to examine thalamic volume. For shape, a principal
components analysis was used to diminish the high dimensionality
of the thalamic surface, thus generating an orthonormal set of
eigenvectors that represented variation in the shape of the left and
right hemisphere of the thalamus. The thalamic surfacewas defined
by the first 10 eigenvectors, yielding 10 eigenvector scores for the
surface of each hemisphere. The eigenvector scores accounted for
more than 80% of total shape variance (across subjects and hemi-
spheres). The left and right scores were then averaged for each
structure.

To determine whether overall differences in the shapes of the
structures existed across groups, we conducted a multivariate
analysis of variance (MANOVA) with the 10 averaged eigenvectors
of the thalamus as dependent variables with group as a fixed effect.
Group consisted of SCZ, SA, and CON. Next, we conducted three
additional MANOVAs to identify significant differences between
each group (i.e., SCZ vs. CON, SA vs. CON, SCZ vs. SA). For the final
step, we used a logistic regression (backward selection) guided by
a significant likelihood ratio statistic to identify which eigenvectors
contributed most to between-group differences for SCZ and SA
when compared to CON. One-way ANOVAwas also used to examine
the main effect of group on the demographic and cognitive vari-
ables for between-group differences. This same approach was used
to examine differences on measures of psychopathology between
SCZ and SA. To account for smaller sample sizes, Spearman’s rho
correlations (r) estimated the relationship between the volume and
shape and the cognitive and psychopathological domains and dose-
years of anti-psychotic medication.

To visualize the pattern of thalamic shape deformation, we
constructed a map of the composite surface of the thalamus at
every graphical surface point. The shape displacements were esti-
mated at each surface point as the difference between the means of
the group vectors in magnitude.

3. Results

3.1. Surface shape analyses

Thalamus Shape. Using all three study groups, MANOVA applied
to the eigenvectors for the thalamus showed a significant main
effect of group on shape (l ¼ .32, F2,104 ¼ 7.0, p ¼ .001) (Table 2).
Post-hoc comparisons found significant differences between SCZ
and CON (F1,87 ¼ 2.7, p ¼ .006), SA and CON (F1,55 ¼ 11.2, p < .001),



Table 2
Between-group comparisons of shape measures and significant eigenvectors for
thalamus.

Fdf1,df2,
p-value

3-Group
MANOVA

2-Group MANOVA

SCZ vs. CON SA vs. CON SA vs. SCZ

Thalamus F2,104 ¼ 7.0
p < .001

F1,87 ¼ 2.7
p ¼ .006

F1,55 ¼ 11.2
p < .001

F1,60 ¼ 13.2
p < .001

Eigenvectors e 1,3,4,6,10 1,3,5,9 1,3,5,9,10

Fig. 1. Thalamus surface map abnor
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and SA and SCZ (F1,60 ¼ 13.2, p < .001). Logistic regression (back-
ward selection) found that eigenvectors 1, 3, 4, 6 and 10 discrimi-
nated SCZ from CON, while eigenvectors 1, 3, 5, and 9 discriminated
SA from CON, and eigenvectors 1, 3, 5, 9, and 10 discriminated
SA from SCZ.

Fig. 1 displays a visual representation of thalamic shape differ-
ence between SCZ and CON, and SA and CON. Both SCZ and SA had
inward deformations in the medial regions corresponding to the
mediodorsal nucleus and mediolateral regions corresponding to
malities and significance maps.



Table 3
Thalamic volume (cm3) (SE).

SCZ (n ¼ 47) SA (n ¼ 15) CON (n ¼ 42)

Mean Thalamusa 7.2 (.1) 7.2 (.2) 7.5 (.1)
L Thalamus 7.1 (.1) 7.1 (.2) 7.4 (.1)
R Thalamus 7.2 (.1) 7.3 (.2) 7.6 (.1)

a F2,101 ¼ 3.1, p ¼ .05: SCZ < CON (p ¼ .02), SA < CON (p ¼ .13), SCZ:SA (p ¼ .89).
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the ventrolateral nucleus. The foremost additional areas of shape
difference in SA were inward deformations of medial regions cor-
responding to the central and ventroposterior medial nuclei and
superior region corresponding to the dorsolateral nucleus. SA also
had deformations in the regions corresponding to the lateral
geniculate nucleus, which were characterized by a shift in position
towards the lateral side. The most prominent additional areas of
shape difference in SCZ were in the anterior and posterior regions
corresponding to the anterior nucleus, pulvinar, and posterior
lateral nucleus.

3.2. Volume analyses

We found a significant effect of group (F ¼ 3.07, p ¼ .05) and
hemisphere (F¼20.4,p< .0001;R> L) on thalamic volume (Table 3).
The interaction of group � hemisphere was not statistically signif-
icant (F¼ .6, p¼ .53). Post-hoc comparisons indicated that thalamic
volumes in SCZ and SA were smaller than CON, however, this
difference only reached significance when comparing SCZ to CON
(p ¼ .02) and not SA to CON (p ¼ .13). Both differences were char-
acterized by similar medium effect sizes (d ¼ .50 and .48, respec-
tively, calculated as Cohen’s d).

3.3. Cognitive, psychopathological, and antipsychotic medication
profiles

Cognition was compared across the three study groups using
ANOVAs with group as a fixed factor. Table 4 illustrates the group-
level means, standard deviations, and post hoc effect sizes. There
was a significant main effect of group for IQ, working memory,
episodic memory, and executive function. For all four cognitive
domains, CON was significantly higher than SCZ (all p < .001), with
large effect sizes. Similarly, CON were significantly higher than SA
(all p < .05), with large effect sizes, for all cognitive domains except
IQ where CON had a higher IQ than SA (medium effect size) but was
non-significant (p ¼ .19). Differences between SCZ and SA were
non-significant (p > .10), with small effects for all domains except
Table 4
Mean Standardized Scores (SD) and Effect Sizes (Cohen’s d) Between-Group Comparison

ANOVA Standardized score

SCZ
(n ¼ 47)

Cognition
IQa F2,104 ¼ 9.8, p < .001 �.39 (.96)
Working memoryb F2,104 ¼ 13.9, p < .001 �.44 (.73)
Episodic memoryc F2,104 ¼ 39.1, p < .001 �.50 (.71)
Executive functioningd F2,104 ¼ 24.2, p < .001 �.58 (.70)
Psychopathology
Positive symptoms F1,60 ¼ .3, p ¼ .57 .12 (.78)
Negative symptoms F1,60 ¼ 3.3, p ¼ .07 .25 (.69)
Disorganized symptoms F1,60 ¼ .0, p ¼ .99 .16 (.61)

Note. Tukey correction for multiple comparisons was used.
a CON > SCZ (p < .001) and SA (p ¼ .19), SA > SCZ (p ¼ .35).
b CON > SCZ (p < .001) and SA (p ¼ .02), SA > SCZ (p ¼ .62).
c CON > SCZ (p < .001) and SA (p < .001), SA > SCZ (p ¼ .99).
d CON > SCZ (p < .001) and SA (p ¼ .002), SA > SCZ (p ¼ .38).
IQ, which had a medium effect size. SCZ and SA were compared
on measures of psychopathology, and did not differ with respect to
measures of positive and disorganized symptoms (both p > .10).
There was a trend for SCZ to have higher negative symptoms than
SA (p ¼ .07) (Table 4).

Structural measures were correlated with the domains of
cognition and psychopathology. Given there are 7 clinical and
cognitive domains, we corrected for multiple comparisons using
a cutoff of p < .007 (.05/7) to attain statistical significance. There
were no significant correlations between volume and the cognitive
and psychopathological domains for SCZ or SA. For shape scores in
SCZ, we found that a decreasing executive functioning score was
related to inward shape deformation in the region corresponding to
the lateral geniculate nucleus captured by eigenvector 6 (r ¼ .41,
p ¼ .005), after examining deformation maps. For SA, volume and
shape scores did not correlate with cognition or psychopathology.

In addition, we correlated measures of volume and shape with
dose-years of FGA or SGA medication. Given there are 12
morphometric measures, we corrected for multiple comparisons
using a cutoff of p < .004 (.05/12) to attain statistical significance.
Although the number of available subjects was small, therewere no
significant correlations between volume or shape, and dose-years
of FGA medication in SCZ (n ¼ 12). Correlations between volume or
shape, and FGA dose-years were not examined in the SA group due
to a small sample (n ¼ 2).

There were no correlations between volume and dose years
of SGA medication in SCZ or SA. For shape scores, we found that an
increasing dose-years of SGA medication in SCZ was related to
outward shape deformation in the regions corresponding to the
dorsolateral and lateral geniculate nuclei captured by eigenvector
3 (r ¼ .45, p ¼ .004). SGA dose-years did not correlate with shape
in SA.
4. Discussion

Our findings provide partial support for the hypothesis that
schizoaffective disorder is characterized by similar volume and
shape abnormalities of the thalamus as schizophrenia, but that they
are less marked. We based our hypothesis on the genetic overlap
between SCZ and SA (Gershon et al., 1988; Kendler and Diehl, 1993),
because these groups generally share a similar profile in their
psychopathology and cognitive impairments (Barch, 2009; Smith
et al., 2009), and because individuals at an increased genetic risk
for these disorders have attenuated thalamic volume loss (Ettinger
et al., 2007; Lawrie et al., 1999) and shape abnormalities (Harms
et al., 2007). However, the findings also provide support for our
of Cognition and Psychopathology.

s Effect sizes

SA
(n ¼ 15)

CON
(n ¼ 42)

SCZ vs.
CON

SA vs.
CON

SA vs.
SCZ

e.004 (.84) .49 (.93) .94 .56 .43
�.24 (.51) .36 (.77) 1.07 .92 .32
�.49 (.51) .74 (.74) 1.71 1.94 .02
�.32 (.71) .38 (.57) 1.50 1.09 .37

.26 (1.1) e e e .15
�.10 (.58) e e e .55
.16 (.64) e e e .00
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hypothesis that SA would have neurobiological abnormalities
distinct from SCZ.

In the examination of thalamic volume, our results suggest that
SCZ and SA have similar thalamic volumes which were smaller than
CON participants, with a right > left asymmetry. These findings are
consistent with previous research suggesting that individuals with
schizophrenia have reduced volume in the thalamus when
compared to controls (Byne et al., 2009) and a right > left asym-
metry (Byne et al., 2001; Csernansky et al., 2004a). In addition, this
finding supports our hypothesis that SCZ and SA would share
similar reductions in volume.

4.1. Structural similarities between schizophrenia and
schizoaffective disorder

Our findings also suggest that there were both similarities and
differences in thalamic shape between SCZ and SA. In terms of
similarities, SCZ and SA had similar inward deformations in regions
corresponding to the mediodorsal nucleus. This finding replicates
previous work on schizophrenia which found structural abnor-
malities of the mediodorsal nucleus (Csernansky et al., 2004a;
Harms et al., 2007; Pakkenberg, 1992).

SCZ and SA also shared inward deformations corresponding to
the ventrolateral nucleus. This finding also replicates results from
prior work on SCZ (Wang et al., 2008). However, deformation in
this region in SA were of a lesser magnitude than comparable
deformations in SCZ (i.e., SCZ had a deeper bluish purple while
SA had lighter bluish green; see Fig. 1). This nucleus has connec-
tions to the basal ganglia and is involved with motor and premotor
regions (Lehericy et al., 2006; Shinoda et al., 1993). Thus, these
regions may be involved with deficits in motor activity, however,
most research examining motor activity in SCZ reported on
the thalamus as an entire complex rather than examining the
influence of particular nuclei (Camchong et al., 2006). Further
research is needed to examine group variation between SCZ and SA
with respect to abnormalities of the lateral thalamus and poten-
tially impaired motor functions. Also, due to the connections
between the thalamus and the basal ganglia, future research
could also examine the pattern of basal ganglia shape between
individuals with schizoaffective disorder and individuals with
schizophrenia.

4.2. Structural differences between schizophrenia and
schizoaffective disorder

Shape changes in the thalamus unique to SA were inward
deformations in regions corresponding to the central and ven-
troposterior medial nuclei of the thalamus. Medial regions of the
thalamus have been implicated in the neurocircuitry associated
with mood dysregulation (Price and Drevets, 2010). SA also had
inward deformations in regions proximal to the dorsolateral
nucleus, which is noted for its involvement in the hippocampal
circuit and recall processes (Edelstyn et al., 2006). SA was also
characterized by outward deformations in regions approximating
the anterior side of the lateral geniculate nucleus (LGN). The LGN is
not a portion of the core thalamic mass but a component of the
metathalamus; and separated from the primary thalamus by
the internal capsule (Le Gros Clark, 1932). Hence, the change in the
deflection of the LGN could be explained by differences in thewidth
of the retrolenticular internal capsule. As such, abnormalities of the
internal capsule could contribute to cognitive impairment. Alter-
natively, the LGN abnormalities could be explained by ontogenetic
changes inmoremedial thalamic nuclei such as themedial pulvinar
(Le Gros Clark, 1932). Also, the LGN receives direct input from the
visual cortex (Lennie, 1980), however, a recent meta-analysis
suggests that SCZ and SA do not differ on visual memory tasks (Bora
et al., 2009). Hence, further research is needed to examine whether
abnormalities of the LGNmay have implications for abnormal brain
activity in this region during performance on additional visual
evaluations.

The shape change observed in the thalamus of SCZ subjects was
consistent with findings previously reported by our group
(Csernansky et al., 2004a; Harms et al., 2007) and others (Byne
et al., 2002)e i.e., inward deformations were present at both the
anterior and posterior extremes of the thalamus, perhaps sug-
gesting localized volume losses in regions proximal to the anterior
nucleus and pulvinar. In addition, our findings suggest that the
inward deformation of the pulvinar is more pronounced in the right
hemisphere and involves the medial and lateral regions. This
finding is consistent with postmortem studies of schizophrenia
patients which suggested an absence of the normal R > L asym-
metry in the pulvinar (Highley et al., 2003). Although the sample of
schizophrenia and control participants in the current study largely
overlaps with a prior analysis (Csernansky et al., 2004a), a number
of new patients were included. As such, the current findings for SCZ
should not be considered a full replication, but rather an extension
that confirms our prior findings in an expanded sample size with an
additional matched comparison to individuals with schizoaffective
disorder.

The anterior nucleus and pulvinar lacked significant deforma-
tions in SA, and so, functional brain activation in these regions may
be less likely to be impaired in SA. In prior studies, we found
decreased functional activationwithin SCZ duringworkingmemory
tasks in regions corresponding to the anterior and mediodorsal
nuclei (Andrews et al., 2006), while others found reduced activation
in these regions and the pulvinar (Hazlett et al., 2004; Heckers et al.,
2000). Given the overlapping deformation between SCZ and SA in
the region corresponding to the mediodorsal nucleus and the
contrasting deformation between these groups in the regions cor-
responding to the anterior nucleus and pulvinar, an analysis of
functional brain activity in these regions during cognitive perfor-
mance in carefullymatched samples of SCZ and SAwould be needed
to address the association between structure and function.
4.3. Associations with cognition, psychopathology and
antipsychotic medication

Our findings on cognition suggest that impairments in working
memory, episodic memory, and executive functioning between SCZ
and SA were comparable, which is consistent with prior work
suggesting that SA and SCZ shared similar cognitive deficits in
a number of domains (Barch, 2009). We also found evidence for
differences in the pattern of correlations between cognition and
shape scores in SCZ. We found that lower executive functioning
scores in SCZ were correlated with inward shape deformation
located in regions corresponding to the lateral geniculate nucleus.
We did not find any significant correlations between shape and
cognition in SA. Findings on psychopathology were consistent with
prior work suggesting similarities in disorganized symptoms
(Smith et al., 2009) across SCZ and SA. Similar to previous research
(Peralta and Cuesta, 2008), we also found that SA had fewer
negative symptoms than SCZ.

In addition, we found that more exposure to SGAs (i.e., higher
dose-years) was correlated with outward shape deformations in
regions corresponding to the dorsolateral and lateral geniculate
nuclei in SCZ. Although this doesn’t suggest an overall increase in
thalamic volume, such shape changes could represent more local-
ized volume gains. Thus, this finding is at least partially consistent
with current reviews indicating that SGAs are correlated with
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increased thalamic volume (Navari and Dazzan, 2009; Smieskova
et al., 2009).

4.4. Limitations

There were notable limitations to this study. First, although the
sample of 15 individuals with schizoaffective disorder may have
been underpowered to detect small effects, there were clear
between-group differences with respect to our shape analysis.
Second, we were able to examine correlations between SGAs and
FGAs, and thalamic morphology in SCZ and SA using data on dose
and duration for the two years prior to our assessment. However,
we cannot account for the influence of FGA and SGA treatment that
preceded this time period. Future research should take into account
a more extended medication history and collect a larger sample of
individuals with schizoaffective disorder being treated with FGAs.
CON had no history of substance use disorders, thus, the presence
of lifetime diagnoses of substance use disorders in the patient
groups were likely to have some neurobiological effect on neuro-
morphometry that cannot be controlled as a potential confound,
however, rates of diagnoses did not differ between the patient
groups. Future research would benefit from a comparison group
with a similar history of substance use disorders to examine as
potential confounds.

5. Conclusions

We found evidence that SCZ and SA shared similar thalamic
volume reduction and shape deformations in the mediodorsal and
ventrolateral nuclei. These findings generally support our hypoth-
esis that SA and SCZ have similar deformations of the thalamus.
However, although present, we did find that abnormalities in the
ventrolateral nucleus were less severe in SAwhen compared to SCZ.
SA is also characterized by deformations that are distinct from
those found in SCZ. These areas include medial regions of the
thalamus, which is associated with mood circuitry, as well as
regions corresponding to the dorsolateral and lateral geniculate
nuclei. Lastly, we replicated prior research suggesting that SCZ have
structural impairments in regions corresponding to the anterior
nucleus and pulvinar. Future research needs to examine whether
individuals with schizophrenia and schizoaffective disorder have
neuroanatomical differences in regions with connections to the
thalamus (e.g., basal ganglia), and determine whether there are
specific functional correlations with these structural abnormalities.
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