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into vulnerability and protective factors in these disorders without the confounds associated with chronic psy-
chosis. However, multimodal imaging and asymmetry studies in SPD are sparse. Thirty-seven individuals with
SPD and 29 healthy controls (HC) received clinical interviews and 3 T magnetic resonance T1-weighted and dif-
fusion tensor imaging scans. Mixed ANOVAs were performed on gray matter volumes of the lateral temporal re-
gions involved in auditory and language processing and dorsolateral prefrontal cortex involved in executive
functioning, as well as fractional anisotropy (FA) of prominent white matter tracts that connect frontal and tem-
poral lobes. In the temporal lobe regions, there were no group differences in volume, but SPD had reduced right
> left middle temporal gyrus volume asymmetry compared to HC and lacked the right > left asymmetry in the
inferior temporal gyrus volume seen in HC. In the frontal regions, there were no differences between groups
on volume or asymmetry. In the white matter tracts, SPD had reduced FA in the left sagittal stratum and superior
longitudinal fasciculus, and increased right > left asymmetry in sagittal stratum FA compared to HC. In the SPD
group, lower left superior longitudinal fasciculus FA was associated with greater severity of disorganization
symptoms. Findings suggest that abnormities in structure and asymmetry of temporal regions and
frontotemporal white matter tract integrity are implicated in SPD pathology.
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1. Introduction

Schizotypal personality disorder (SPD) is a schizophrenia (SZ)-spec-
trum disorder characterized by pervasive interpersonal deficits, cogni-
tive-perceptual distortions, and eccentric behavior resulting in
impaired functioning (American Psychiatric Association, 2013). Individ-
uals with SPD exhibit impairments in multiple cognitive domains, par-
ticularly working memory and processing speed (McClure et al., 2013;
Mitropoulou et al., 2005). They are less likely to live independently
and achieve a Bachelor's degree, and earn less income than nonpsychi-
atric controls (McClure et al., 2013). SPD shares genetic, phenomenolog-
ical, and neurobiological features with SZ (Siever and Davis, 2004), but
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without the frank psychosis and more severe cognitive and functional
impairments. Studying SPD provides insight into vulnerability and pro-
tective factors in the SZ-spectrum without confounds associated with SZ
such as chronic psychosis, recurrent institutionalization, and long-term
antipsychotic use.

Structural magnetic resonance imaging (MRI) studies in SZ-spec-
trum disorders have focused on abnormalities in temporal and frontal
brain regions thought to underlie some of the most prominent clinical
and cognitive symptoms in SZ. The neocortical temporal lobe involved
in auditory and language processing, and the dorsolateral prefrontal
cortex involved in executive functioning, are two regions that exhibit
volume reduction in SZ (see reviews by Levitt et al,, 2010 and Shenton
etal, 2010). In SPD, one of the most robust finding is reduced gray mat-
ter volume in the superior temporal gyrus (STG; Asami et al.,, 2013;
Dickey et al., 1999; Downhill et al., 2001; Goldstein et al., 2009;
Kawasaki et al., 2004; Takahashi et al., 2006a, 2010) and its component
parts including Heschl's gyrus (Dickey et al, 2002) and planum
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temporale (Kawasaki et al., 2004; Takahashi et al., 2006a). The middle
temporal gyrus (MTG) and inferior temporal gyrus (ITG) are also in-
volved in auditory and language processing (Hickok and Poeppel,
2004), and studies in SPD have shown volume reduction in the MTG
(Asami et al., 2013; Hazlett et al., 2008, 2014; Koo et al., 2006) and ITG
(Asami et al., 2013; Downbhill et al.,, 2001). Many of the findings reported
are predominantly in the left hemisphere (see Fervaha and Remington,
2013; Hazlett et al., 2012) where language processing is localized. In-
deed there is evidence that reduced temporal volumes are associated
with odd speech (Downbhill et al., 2001), and also with greater overall
SPD symptom severity (Downhill et al., 2001) and negative symptoms
(Asami et al., 2013).

In contrast to the temporal lobe findings in SZ, gray matter volume in
the dorsolateral prefrontal cortex represented by the middle frontal
gyrus has been reported to be normal in SPD compared with controls
(Goldstein et al., 2009; Kawasaki et al., 2004). For example, in a study
of SZ, SPD, and controls, Kawasaki et al. (2004) found SZ to have reduced
temporal lobe and middle frontal gyrus volume, while SPD showed
much milder temporal lobe volume reduction and normal middle fron-
tal gyrus volume. In fact, Suzuki et al. (2005) found the middle temporal
gyrus volume in SPD to be even larger than in controls, while SZ showed
reduced volume in this area. The negative or reversed frontal lobe find-
ings in SPD serve as the basis for the prominent theory that preserved
frontal lobe is a protective factor against the development of psychosis
(Siever and Davis, 2004).

Evidence also suggests that there is disrupted connectivity between
temporal and frontal lobes in SZ. Diffusion tensor imaging (DTI) studies
report lower fractional anisotropy (FA), a putative measure of white
matter integrity, in some of the most prominent white matter tracts
that traverse frontal and temporal lobes, including the uncinated fascic-
ulus, inferior longitudinal fasciculus, and superior longitudinal fascicu-
lus (see Kubicki et al., 2007; Wheeler and Voineskos, 2014). In SPD,
lower FA has been reported in the uncinated fasciculus (UF; Gurrera et
al., 2007; Nakamura et al., 2005) and inferior longitudinal fasciculus
(ILF; Sun et al.,, 2016). One study showed a spectrum pattern in which
ILF FA was highest in controls, intermediate in SPD, and lowest in SZ,
particularly in the left hemisphere (Lener et al., 2015). These abnormal-
ities may be associated with positive SPD symptoms and interpersonal
difficulties (Lener et al., 2015; Nakamura et al., 2005; Sun et al., 2016).

Hemispheric effects have been frequently reported in neuroimaging
studies of SZ-spectrum disorders (see Hazlett et al., 2012; Shenton et al.,
2010). Normal asymmetry in the healthy brain is well documented and
affected by evolutionary and developmental factors that shape brain
laterality (Toga and Thompson, 2003). Crow et al. (1989) proposed
that failure of genes to regulate normal development of cerebral asym-
metry contributes to schizophrenia. Meta-analyses in SZ have shown re-
duced planum temporale asymmetry (Shapleske et al., 1999; Sommer
et al.,, 2001) and asymmetry abnormalities in frontal and occipital
lobes, Sylvian fissure, and posterior segment of the STG (Sommer et
al., 2001). Indeed, structural asymmetry has been proposed as a bio-
marker for SZ (Oertel-Knochel et al., 2012). Studies have begun to ex-
amine temporal and frontal lobe asymmetry in SPD. Findings include
lack of normal asymmetry in the anterior cingulate gyrus in female pa-
tients (Takahashi et al., 2002), increased asymmetry in the
parahippocampal gyrus (Dickey et al., 1999), and normal MTG and ITG
asymmetry (Takahashi et al., 2006b). However, paucity of asymmetry
studies and inconsistent results warrant further research in SPD. For ex-
ample, one study reported reduced left > right whole and caudal STG
asymmetry compared with HC (Takahashi et al., 2006a) while another
study found a trend toward greater left < right asymmetry in SPD
(Dickey et al., 1999).

Although temporal and frontal structural anomalies are implicated
in SZ-spectrum disorders, no study to our knowledge has examined
structure and asymmetry of cortical volume and white matter tract in-
tegrity together in SPD. We used MRI and DTI to investigate temporal
and frontal structure and asymmetry in SPD. To focus on brain regions

implicated in the auditory processing (see Javitt and Sweet, 2015) and
executive functioning impairments in SZ-spectrum disorders (see
Eisenberg and Berman, 2010) and reduce Type I error, we specifically fo-
cused on lateral temporal regions, the dorsolateral prefrontal cortex,
and prominent white matter tracts that traverse frontal and temporal
lobes. We hypothesized that, in the temporal regions, individuals with
SPD would show reduced gray matter volume and reduction of the nor-
mal asymmetry compared with healthy controls. Similarly, we pre-
dicted that individuals with SPD would exhibit lower FA and reduced
asymmetry in the selected white matter tracts.

2. Methods
2.1. Participants

Appropriate Institutional Review Board approval and written in-
formed consent were obtained. Thirty-seven individuals with SPD and
29 healthy controls (HC) were recruited through local medical centers
and advertisements such as craigslist.org, local newspaper, and adver-
tisement on the hospital website. Clinical psychologists administered
the Structured Clinical Interview for DSM-IV Disorders (SCID-IV; First
et al,, 2002) and the Structured Interview for DSM-IV Personality Disor-
ders (SIDP-1V; Pfohl et al., 1997). Exclusion criteria included pregnancy,
a significant medical/neurological illness, substance abuse within the
past three months, and positive urine toxicology on scan day. Patients
had no history of any psychotic disorder. 62% of patients had a history
of an Axis I disorder including 35% with depressive disorder, 46% with
anxiety disorder, and 11% with some other Axis I disorder. All patients
were unmedicated for at least six months prior to the scan and all but
seven were psychoactive medication naive. The majority of patients
were not treatment seeking. HCs had no personal history of psychiatric
disorders and no history of psychotic disorders in first-degree relatives.
HCs were psychoactive medication naive except for two who were
medicated briefly for depressed mood more than three years prior to
the study. HC had more education than SPD; groups were otherwise
matched demographically (Table 1).

2.2. Symptom severity measure

The Schizotypal Personality Questionnaire (SPQ; Raine, 1991) is a
widely used self-report questionnaire that assesses traits associated
with SPD. It has good psychometric properties (Fonseca-Pedrero et al.,
2014; Raine, 1991) including moderate to large test-retest reliability
(Raine, 1991) and stability coefficients over two years (Geng et al.,
2013; Stefanis et al., 2006). The SPQ subscale scores were calculated as
the proportion of positive responses out of all valid responses and four
factor scores (Cognitive-Perceptual, Paranoid, Negative, and Disorgani-
zation) were calculated by averaging the subscale scores in each factor
(see Stefanis et al., 2004).

2.3. Magnetic resonance imaging

2.3.1. Image acquisition

All participants were scanned on a Siemens MAGNETOM Skyra 3 T
scanner. A pulsed-gradient spin-echo sequence was used for DTI acqui-
sition (TR = 3650 ms, TE = 87.0 ms, 74 slices, voxel size = 1.8 x 1.8
x 1.8 mm, matrix = 98 x 116, 128 gradient directions with b =
1500 s/mm?). A high resolution 3-D T1-weighted MP-RAGE sequence
was acquired with isotropic resolution of 0.8 mm x 0.8 mm x 0.8 mm
(244 slices, matrix size = 320 x 320 x 224, FOV = 25.6 cm, TR =
2400 ms, TE = 2.07 ms and 8° flip angle).

2.3.2. Structural imaging methods

Cortical reconstruction and volumetric segmentation were per-
formed on the MP-RAGE images using Freesurfer image analysis soft-
ware (version 5.3.0). Regions of interest (ROIs) were segmented and
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