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The etiologic factors underlying schizophrenia have been conceptualized as reflecting two
largely genetic components — those unique to schizophrenia and those representing
vulnerability to neurodevelopmental deviation in general. The Developmental Instability
(DI) approach suggests that the latter can be indexed by minor physical anomalies (MPAs),
which assess early prenatal growth abnormalities, and fluctuating anatomic asymmetries (FA),
which reflects later deviations. Individuals with schizophrenia (N=19) had elevated scores on
both measures as compared to healthy controls (N=23). Further, MPAs and FA were very
highly correlated in the sample of individuals with schizophrenia but not in controls. In order to
identify neuroanatomic variation linked with the unique factor, we conducted gray matter
Voxel Based Morphometry analyses of group membership, with and without treating a
composite measure of DI (based on FA, and MPAs) as a covariate. When DI was treated as a
covariate, many more gray matter regions were found to statistically differ as a function of
diagnosis. These results support the DI approach and suggest that the unique etiologic factors
associated with schizophrenia lead to widespread gray matter volume reductions.

© 2009 Elsevier B.V. All rights reserved.
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1. Introduction

The Developmental Instability (DI) model of individual
differences in brain development (Yeo et al. 1999, 2007), based
on the evolutionary genetics of normal variation, provides a
unique perspective on the origins of neurodevelopmental dis-
orders, including schizophrenia. DI is conceptualized as a
vulnerability factor for variation in brain development across
both the normal spectrum and neurodevelopmental disorders.
We have proposed that two conceptually distinct sets of genetic
factors contribute to the etiology of neurodevelopmental
disorders: a genetic influence that represents a broad vulnera-
bility for atypical brain development (the DI component), and a

set of unique genetic factors that lead to specific neurodevelop-
mental disorders (e.g., autism, dyslexia, or schizophrenia). The
major genetic abnormality underlying the general factor has
been suggested to be overall mutation load. New, harmful
mutations accumulate at between 1.6 (Eyre-Walker and
Keightly, 1999) and 3.0 (Nachman and Crowell, 2000) alleles
per generation, and it has been estimated that the total mutation
load affecting the human brain is in the range of 500 per
individual (Keller and Miller, 2006). Greater mutation load
probably leads to relatively lower intellectual functioning
(Furlow et al., 1997; Prokosch et al., 2005), accounting for the
substantial shared genetic variance between lower intellectual
functioning and diverse types of neurodevelopmental disorders
(Malaspina et al., 2005; Toulopoulou et al., 2007).

The major impediment to evaluating the importance of mu-
tation load has been the lack of direct measurement. Hence,
researchers have relied on imperfect and indirect measures,
including minor physical anomalies (MPAs) and fluctuating
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asymmetries (FA), as described below. However, a recent large-
scale study of microdeletions and microduplications with
comparativegenomichybridization(Walshetal., 2008)provided
critical and direct support for the hypothesis that greater
mutation load contributes to the etiology of schizophrenia. An
important implication of this finding is that the specific set of
mutations relevant for schizophrenia varies from individual to
individual, though lead to the same or very similar neurodeve-
lopmental consequences.

MPAs and FA have been widely used as measures of DI and
each occur at an elevated incidence in schizophrenia and other
neurodevelopmental disorders (Yeo et al., 2007). MPAs are
morphological variants caused by slow or disrupted fetal growth
rates. Examples include hypertelorism (wide spaced eyes) and
low-set ears, each reflecting slowed growth at a particular point
in prenatal development. FAs are deviations from symmetry on
bilateral traits (e.g., finger length, ear width) that are symmetric
at the population level. They are typically aggregated into com-
posite scores (e.g., Gangestad et al., 2001) that show modest
heritability (Johnson et al., 2008). These types of FA measures
probably reflect later developmental perturbations than MPAs
(Yeo et al., 1997). However, some studies (e.g., Markow and
Gottesman, 1989) have constructed FA measures based on
dermatoglyphic characteristics, and as such features are deter-
mined relatively early in prenatal development, they likely tap
similar developmental disruptions as MPAs.

In the current studyweutilized these proxymeasures of DI in
an attempt to delineate the neural abnormalities associatedwith
the specific genetic influences underlying schizophrenia. Our
reasoning is as follows. As has been done in many other studies,
Voxel Based Morphometry (VBM) was first used to characterize
brain differences between schizophrenia patients and healthy
controls (see Honea et al., 2005 for a review). We then treated
overall DI, as computed from composite measures of MPAs and
FA, and theDIbydiagnosis interaction, as covariates. This strategy
will remove neuroanatomical variation related to DI in the VBM
analyses of group differences, revealing the neuroanatomical
impact of the specific and unique etiological influences for
schizophrenia. Finally, we examined the replicability in a new
sample of two specific findings we have previously cited in
support of the DI approach: early neurodevelopmental abnor-
malities as indexed by MPAs predict individual variation in
handedness (Yeo et al., 1997) and later developmental abnor-
malities as indexed by FA predict individual variation in general
intellectual functioning (Furlow et al., 1997).

2. Materials and methods

2.1. Participants

Twenty three healthy control participants (16 male, 7
female) were recruited through ads in the local media, and
twenty schizophrenia patients (18 male, 2 female) were
recruited from the Albuquerque VA Medical Center and
University of New Mexico Mental Health Sciences Center.
Participants were adults ranging in age from 22 to 63 (see
Table 1); one female (a control) and two male participants
(patients) were left-handed. None had a history of head injury,
neurological disorder, or unstable medical illness. All partici-
pants were screened with the Structured Clinical Interview for
DSM-IVAxis-I Disorders, ClinicianVersion (SCID-CV; First et al.,

1996). Three control participants and thirteen schizophrenia
patients were smokers. Individuals with a history of alcohol or
other substance abuse in the threemonths preceding the study
were excluded, as were individuals who demonstrated any
history of either marijuana or cocaine dependence. All patients
met predetermined criteria for clinical stability, as they had
been treated with the same antipsychotic medications for at
least threemonths andhad not had an inpatient stay during the
prior year. Control participants were screened via the SCID and
Clinical Interview for the presence of DSM-IV Axis-I and Axis-II
disorders, and for psychotic disorder in first degree relatives
assessed by FH-RDC diagnostic criteria (Li et al., 1997; Fogelson
et al., 2004). All patients were taking either atypical (n=14;
clozapine-3, aripiprazole-1, risperidone-5, quetiapine-3, and
olanzapine-2) or conventional (n=5; haloperidol-3; perphe-
nizine-1; and fluphenazine-1) antipsychotic medications (One
participant was also enrolled in a separate double-blind
medication trial at the time of the current study and their
specific antipsychotic medication could not be ascertained). As
VBM requires identical slice dimensions among the MRIs
included in each analysis, three controls were excluded from
VBM analyses due to differences in the total number of slices in
their MRIs relative to the remainder of the sample. One
schizophrenia patient was excluded from all but MPA analyses
due to differences in the number of theirMRI slices andmissing
FA and cognitive data.

2.2. Developmental instability measurements

2.2.1. Fluctuating asymmetry
Fluctuating asymmetry measures reflect deviation from

perfect symmetry in bilateral features that, across the relevant
population, are typically symmetrical. Alternatively, directional
asymmetries (DA) occur in features for which a population of
organisms shows a consistent structural or functional bias for a
particular side of the body. Skeletal FA was assessed by two
trained research assistants in all participants using calipers across
the feet, ankles, elbows, wrists, and hands. The length and width
of each ear and the length of the first four fingers were also
measured. Each of thesemeasureswas conducted twice (once by
each rater) to increase reliability, and the mean of the two
measurements was calculated and used as the feature size for
calculation of FA. FA for individual traits was calculated by taking
the absolute value of the difference between left and right sides,
divided by one-half the sum of left plus right sides {individual
FA=|R−L|/[5×(R+L)]}. Of the seven body parts measured,
only handwidthwasdetermined to bedirectionally asymmetric;
it was excluded from the present analyses. FA scores for the ten

Table 1
Descriptive statistics and group differences (as determined by independent
samples t-tests) on age, overall cognitive ability, and developmental instability
measures.

Controls Schizophrenics

Mean S.D. n Mean S.D. n t p

Age 43.30 11.90 23 43.26 10.50 19 .01 ns
Cognition 4.43 4.49 23 -6.84 7.99 19 5.47 .000
DI -.418 .495 23 .504 1.046 19 3.50 .002
FA -.320 .080 23 .399 .125 19 2.39 .023
MPA 4.09 2.087 23 8.00 3.866 20 4.04 .000

2 M. Euler et al. / Schizophrenia Research 115 (2009) 1–7



remaining measurements were summed to derive a total FA
score for each subject. The inter-rater reliability of the FA
measurements was assessed by separately computing the ten-
trait composite FAmeasurement from each rater and calculating
the two-waymixed intraclass correlation coefficient in SPSS16.0.
The single measure intraclass correlation coefficient of consis-
tency between the two sets of FAmeasurementswas r(41)=.86,
indicating good inter-rater reliability for the FA measurements.
The inter-item correlation (alpha) of these measures averaged
together in the feature calculation of FA was .92.

2.2.2. Minor physical anomalies
Minor physical anomalies (MPA) were measured using

the Waldrop Scale (Waldrop and Halverson, 1971), which
quantifies minor malformations of the head, hair, ears,
tongue, palate; and fingers, toes, and hands. Total individual
FA and MPA scores were each then converted to z-scores and
summed to form a composite index of individual develop-
mental instability, as in prior studies (e.g., Yeo et al., 1997).

2.3. Neuropsychological assessment

Each participant received a battery of neuropsychological
tests: the Shipley Institute of Living Scale, the Digit Span
Forward and Digit Span Backward subtests from the Wechsler
Adult Intelligence Scale-Revised (WAIS-R), Auditory Consonant
Trigrams, the LogicalMemory andVisual Reproduction subtests
of the Wechsler Memory Scale—Revised (WMS-R), the Con-
trolled OralWord Association Test, and Trail Making Tests parts
A and B (see Lezak et al., 2004, for all test references). z-scores
were computed for each test score based on results from the
total sample. These were then summed to provide a simple
composite measure of general cognitive functioning. Handed-

ness was assessed with theWaterloo Inventory (Steenhuis and
Bryden, 1989).

2.4. Image acquisition

For each subject, high-resolution 3D T1-weighted MR
images were acquired with a 1.5 T Picker Edge Imager at the
Albuquerque VA Functional Neuroimaging Center, using a Field
Echo 3D Sagittal sequence (Picker) (TR=15 ms, TE=4.4 ms,
FOV=256 mm, flip angle=25°, matrix 192×256, slice
thickness=1.5 mm).

2.5. Voxel based morphometry

Image analysis was performed using SPM5 (http://www.fil.
ion.ucl.ac.uk/spm) running in Matlab 7.3. MR images were
manually aligned to a common space in SPM based on the
locations of the anterior and posterior commissures. Study
imageswere spatially normalized, bias corrected, and segmented
into graymatter, white matter, and cerebrospinal fluid using the
default prior probability maps provided for the unified segmen-
tation routine implemented in SPM5 (Ashburner and Friston,
2005). The modulation step was performed to correct for
erroneous volume changes introduced during spatial normaliza-
tion, though non-modulated segmented gray matter maps were
also retained for use in inferential statistics. Total gray matter
volumes were obtained from the non-modulated segmented
gray matter maps via the ‘get totals’ matlab script (Ridgway,
2007) available from the author's website (http://www.cs.ucl.ac.
uk/staff/G.Ridgway/vbm/). The resulting modulated gray
matter probability maps contained 2×2×2mm isotropic voxels
which were then smoothed with a kernel of 12 mm FWHM.

Statistical analyses for demographic and inferential statistics
were performed using SPSS 16.0 for Windows. A maximum

Table 2
Regions of decreased gray matter volume in the schizophrenic group as compared to controls in VBM analyses with age and sex treated as nuisance variables.

Local maxima Cluster-level p Cluster size Voxel-level T X Y Z

Left middle occipital gyrus 0.270 n.s 221 4.75 -28 -80 14
Left superior temporal gyrus 0.484 n.s 122 4.50 -44 -38 4
Left medial frontal gyrus 0.243 n.s. 240 4.24 -12 62 -18
Right lingual gyrus 0.546 n.s 102 4.17 14 -66 2
Left inferior temporal gyrus 0.258 n.s 229 4.11 -46 -14 -22
Left inferior temporal pole 0.292 n.s 208 3.97 -18 6 -38

Table 3
Regions of decreased gray matter volume in the schizophrenic group as compared to controls in VBM analyses with DI, the DI×group interaction, and age and sex
treated as nuisance variables.

Local maxima Cluster-level p Cluster size Voxel-level T X Y Z

Left superior frontal gyrus 0.000 5466 6.68 −16 64 −16
Left superior temporal gyrus 0.000 10,851 6.25 −42 6 −22
Right postcentral gyrus 0.000 5730 6.16 56 −12 22
Left cuneus 0.000 1586 5.00 −22 −70 14
Right precuneus 0.018 652 4.94 14 −58 62
Right lingual gyrus 0.022 613 4.64 12 −82 −4
Right inferior frontal gyrus 0.005 920 4.48 52 28 8
Left cingulate gyrus 0.195 n.s. 25,113 4.24 −2 −16 30
Left postcentral gyrus 0.477 n.s. 120 4.13 −34 −36 44
Right Pulvinar Nucleus of Thalamus 0.456 n.s. 126 4.07 12 −32 2
Right middle frontal gyrus 0.283 n.s. 196 4.06 46 28 30
Right middle frontal gyrus 0.154 n.s. 286 3.95 44 10 46

3M. Euler et al. / Schizophrenia Research 115 (2009) 1–7

http://www.cs.ucl.ac.uk/staff/G.Ridgway/vbm/
http://www.fil.ion.ucl.ac.uk/spm
http://www.fil.ion.ucl.ac.uk/spm
http://www.cs.ucl.ac.uk/staff/G.Ridgway/vbm/


4 M. Euler et al. / Schizophrenia Research 115 (2009) 1–7



alpha level of p<.05 was adopted for statistical tests. VBM
statistical analyses were conducted using the multiple regres-
sion framework in SPM5. Two primary analyses were con-
ducted; the first examined the relationship between gray
matter volume and schizophrenia, and the second examined
this relationship when controlling for the effect of DI as well as
its interaction with diagnosis of schizophrenia. In the first
analysis of gray matter volume in schizophrenia, two contrasts
were performed where diagnosis was weighted positively or
negatively while age and sex were treated as covariates (i.e.
variables of no interest). In the second analysis, age and sex
were again treated as covariates as were individual DI
composite scores, and the DI composite by diagnosis interac-
tion, while diagnosis of schizophrenia was again weighted
positively or negatively. Thus for all analyses, contrasts were
defined to test for voxels of increased or decreased gray matter
volume associated with diagnosis of schizophrenia, when
controlling for variance due to either demographics alone or
both demographics and developmental instability. Voxels were
considered significant at p<0.001 uncorrected for multiple
comparisons in the first analysis (schizophrenia effect without
controlling DI), and at p<0.005 correcting for the false
discovery rate (FDR) in the second analysis (schizophrenia
effect controlling for DI). In addition, corrected cluster-level p-
values (adjusted for non-isotropic smoothness) are reported for
both VBM analyses, although analyses emphasized the voxel-
wise analysis approach. Specifically, analyses which revealed
statistically significant voxels within clusters containing a
minimum of 100 contiguous voxels were recorded, and the
locations of their maxima were retained. Thus, clusters were
thresholded a priori at aminimumof 100 significant contiguous
voxels or more. For each cluster containing significant maxima,
spatial coordinateswere entered into the xjView image viewing
program (http://www.alivelearn.net/xjview/) to determine its
approximate anatomical locus (Cui et al., 2007).

3. Results

3.1. Developmental instability, diagnosis, and graymatter volume

Descriptive statistics on age, overall cognitive perfor-
mance, and DI measures are provided in Table 1 along with
independent samples t-tests of group differences. As hypoth-
esized, individuals with schizophrenia exhibited greater
overall DI, as well as greater FA and MPA scores. The
correlations between FA andMPA scores significantly differed
across groups (z=2.38, p<.02), with r=.74 (p<.001) in the
schizophrenia group and r=.12 (ns) in controls.

A test of group differences in the estimate of overall gray
matter volumeusing the non-modulated segmented graymatter
maps failed to demonstrate significant gray matter volume
differences between healthy participants and individuals with
schizophrenia (F (1, 39)=.79, p= .37). Partial correlation
analyses controlling for variance due to age and sex demonstrat-
ed positive associations between the composite DI measure and
non-modulated segmented gray matter volumes in both

individuals with schizophrenia (r= .50, p= .041) and healthy
participants (r= .47, p= .047).

3.2.1. Voxel-basedmorphometry: diagnosis andgraymatter volume
In the first contrast, VBM analyses revealed significant

voxels within several clusters of greater than 100 voxels of
decreased gray matter volume associated with diagnosis of
schizophrenia when controlling for variance due to age and
sex (see Table 2 for details on cluster size and locations). In a
separate analysis two significant maxima of greater gray
matter volume were identified, one in the right middle
temporal gyrus (cluster size — 259 voxels), and one in the
body of the right caudate nucleus (cluster size — 124 voxels).
Neither cluster was statistically significant prior to correcting
for multiple comparisons.

3.2.2. Voxel-based morphometry: diagnosis and gray matter
volume controlling for DI and DI by diagnosis interaction

Contrasts controlling for the effects of developmental
instability on gray matter volume in schizophrenia revealed
more regions of decreased gray matter volume than were
observed in the analyses described above that did not control
for DI. Table 3 lists the approximate anatomical location of each
significant maximum within larger clusters. A total of 26,797
voxels of significantly decreased gray matter volume in
schizophrenia were observed when controlling for DI, com-
pared to 1122 voxels observed in the prior analysis. No regions
of increased gray matter volume in schizophrenia were
observed when controlling for variance due to DI and its
interaction with schizophrenia diagnosis. Fig. 1 shows the
limited extent of regions linked with the diagnosis of
schizophrenia when DI and the DI by diagnosis interaction
were not treated as covariates; it also shows the much greater
extent of group differences when DI and the interaction term
were treated as covariates.

3.3. Test of medication effects

While the relatively small sample size prevented a more
thorough investigation of the effect of the various antipsy-
chotic medications on gray matter volumes, a test for
differences in total gray matter volumes between patients
taking conventional versus atypical antipsychotics was not
significant (F(1,19)=1.516, p=.250 ).

3.4. Neuropsychological measures and DI

To evaluate whether DI findings reported in our previous
studies could be replicated here, in the combined sample we
examined predictions that (1) better overall cognitive perfor-
mance would be related to reduced FA (see Prokosch, et al.,
2005), and (2) greater MPA scores would predict greater left
handedness (see Yeo et al., 1997). Using directed statistical
tests (Rice andGaines, 1994), inwhich 80% of the critical region
was allocated to the tail of the test statistic in the predicted
direction, predictions regarding handedness (r=−.275,

Fig. 1. Brain regions associated with the diagnosis of schizophrenia as determined by different VBMmodels, depicted on the SPM5 canonical T1 image. Regions in warm
colors are those significant at p<.005 (FDR corrected) when DI and the diagnosis x DI interaction were treated as covariates. Regions in blue were significant at p<.001
(uncorrected)when thesevariableswerenot treated as covariates. Results demonstrate that theneuroanatomic correlates of schizophrenia aremuchmorewidespread after
taking DI into account as a covariate.
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p<.05) and general cognitive ability (r=−.285, p<.05) were
confirmed.

4. Discussion

Our overall measure of DI, as well as FA and MPA scores
individually, was significantly greater in schizophrenia patients
than controls. While many studies have now demonstrated
similar results for MPAs, far fewer reports are available for FA
(Yeo et al., 2007). To the best of our knowledge, no study has
examined both types of DI measures in the same sample of
schizophrenia patients. Interestingly, FA and MPA scores were
highly correlated in the schizophrenia group and unrelated in
controls. As MPA scores are likely to reflect early prenatal
variability in development, while FA measures capture later
prenatal as well as postnatal developmental variability (Yeo et
al., 1997), this observation has implications for the nature of
neurodevelopmental abnormalities in schizophrenia. In the
presence of the specific genetic factor leading to schizophrenia,
the tendency to have early deviation in brain development
predicts the tendency to have later deviations. In controls,
lacking the specific schizophrenia genetic factor, early and later
developmental deviations are independent. That is, later
developmental events are buffered from variability in earlier
development. Thus, the specific schizophrenia factor may be
construed as initiating a “cascade” of abnormal growth and
development. In contrast, no such cascade is evident behavior-
ally or anatomically in two other prominent disorders linked
with DI, ADHD and dyslexia, suggesting qualitatively distinct
specific genetic factors.

Kelly et al. (2005) reported that greater CSF volumes were
associated with fewer MPAs in a sample of schizophrenics.
This suggests that ventricular enlargement, perhaps the
single most prominent brain abnormality in schizophrenia,
is linked with the specific etiologic component, rather than
DI. If so, other neurodevelopmental disorders linked with DI,
such as dyslexia or ADHD, should not have enlarged
ventricles, as they do not have the specific schizophrenogenic
etiology. Though the literature on ventricular anatomy in
these two disorders is surprisingly sparse, both ADHD (Filipek
et al., 1997) and dyslexia (Pennington et al., 1999) appear to
be characterized by normal ventricle size.

The nature and significance of progressive neuroanatom-
ical changes during adolescence and adulthood in schizo-
phrenia has been hotly debated (see DeLisi, 2008 for a recent
review). Some theorists have consistently emphasized early
neurodevelopmental abnormalities (e.g., Weinberger, 1987),
while others have drawn attention to possible progressive
decreases in gray matter volumes and progressive increases
in ventricle volumes (e.g., Lieberman, 1999). To a certain
extent, the current results may help bridge this conceptual
gap, linking an increased probability of early abnormalities
(e.g., in neural proliferation and migration leading to atypical
laterality) with an increased probability of those occurring
later in life (e.g., in pruning and dendritic arborization leading
to enlarged ventricles).

Our VBM analyses suggest that the full extent of the schi-
zophrenia specific effect on brain abnormality has been
masked by the effects of comorbid DI. The extent of gray
matter reduction in schizophrenia is much greater when DI
and its interaction with diagnosis are statistically controlled.

In healthy controls, DI is associated with modest, but
widespread gray matter increases (Euler et al., 2008),
especially in right frontal regions. Fig. 1 reveals themagnitude
of the DI effect on gray matter in schizophrenia. Far more
frontal and anterior temporal gray matter reductions are
noted when DI is treated as a covariate. The impact of the
schizophrenia specific etiologic factor is apparently quite
widespread in the current sample. Increases in gray matter
cortical thickness have been reported for both predominantly
genetic (e.g., autism; Hardan et al., 2006) and predominantly
environmental (e.g., fetal alcohol syndrome; Sowell et al.,
2007) neurodevelopmental disorders. Further, a recent report
indicates that early life stress leads to greater prefrontal
cortical volume in rhesus monkeys (Spinelli et al., 2009),
perhaps due to reduced gray matter pruning or greater glial
development.

These widespread gray matter effects are consistent with
expectations, as current VBM analyses did not control for
group differences in overall gray matter volumes- a proce-
dure appropriate for hypotheses involving relative or local-
ized rather than absolute volumetric differences (Mechelli et
al., 2005). Thus, while differences revealed when controlling
for DI were not attributable to differences in total brain size
(as assessed by correlation analyses), they nonetheless reflect
more global group differences in gray matter volumes, rather
than precisely delineated regional effects. Hence, the current
results are perhaps best interpreted as suggesting a global
effect of DI to increase gray matter volumes in schizophrenia,
though additional research is needed to address this issue. It
is unlikely that the current results are due to medication
effects, as the current sample of schizophrenia patients
comprised a mixed group of individuals taking typical and
atypical antipsychotic medications. Moreover, antipsychotic
medications have been shown to particularly affect basal
ganglia volumes (Lang et al., 2001, Scherk and Falkai, 2006).

As an example of the possible impact of our results, consider
the recent study by Liu et al. (2009) utilizing parallel in-
dependent components analysis to identify single nucleotide
polymorphisms that (1) distinguished patients from controls,
and (2) were correlated with fMRI activations distinguishing
the groups. The analysis revealed that relevantgenetic variation
predicted an fMRI component consisting largely of parietal
activations. As DI is partly heritable (Johnson et al., 2008) and
has voxel-wise graymatter volume correlates in normals (Euler
et al., 2008), one might expect that had Liu et al. covaried DI
their resultsmightbequitedifferent.Most obviously, onemight
anticipate more widespread fMRI activations linked with a
more specific subset of genetic variations.

There are two significant limitations that impact interpre-
tation of the current results. First, our sample sizes are quite
small. One consequence may be that our VBM results without
covarying DI (see Table 1) reveal less abnormality than that
seen in VBM studies utilizing larger samples (e.g., Meda et al.,
2008). For this reason, we have not attempted to carefully
delineate the additional brain regions associatedwithdiagnosis
when DI was controlled, beyond merely noting the prevalence
of additional temporal lobe abnormalities. Rather, we consider
the differing VBM results more as a “proof of principle,”
demonstrating the possible beneficial effects of systematically
including DI in both neuroanatomical and genetic investiga-
tionsof schizophrenia. Second, theDImeasuresutilized, though
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standard in the field, are not optimally sensitive to the
underlying construct of interest. Based on a detailed psycho-
metric analysis (Gangestad et al., 2001), we have demonstrated
that composite FA measures correlate only .5 or so with the
latent construct of DI. Hence, the obtained effect sizes may
substantially underestimate the true magnitude of the rela-
tionship between DI and diagnosis.
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