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Abstract

Cortical thinning in frontal and temporal regions has been reported in individuals diagnosed with
schizophrenia and, less consistently, among their unaffected first-degree relatives. Likewise, first-
degree relatives demonstrate attenuated differences in neurocognitive performance relative to
healthy controls, indicating that neurocognitive performance may be an important endophenotype
of the disorder. Less is known about how cortical thickness relates to neurocognitive performance
in these individuals. Given the robust nature of temporal structural abnormalities in schizophrenia,
this study aimed to identify how temporal lobe cortical thickness might relate to verbal memory in
first-degree relatives. Unaffected parents and siblings of individuals with adult-onset schizophrenia
(N=62) and individuals in healthy control families (N=70) participating in the UCLA Family
Study received a structural MRI and completed a battery of neurocognitive tests. Cortical
thickness was estimated across the cortex and thickness measures of all regions in the temporal
lobe were summed, averaged, and residualized for age and sex to produce a variable. A verbal
learning factor was derived from two common tests of verbal learning and memory, the CVLT-II
and Logical Memory of the WMS-I1I. Results demonstrated a significant interaction between
group and verbal learning in relationship to temporal lobe thickness. Post-hoc analyses revealed
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significant correlations between verbal learning and cortical thickness in the relatives of
schizophrenia patients which were driven by immediate recall scores on the CVLT-I1 and Logical
Memory. These findings indicate that cortical thickness in the temporal cortex may represent a
structural correlate for encoding verbal information in unaffected relatives of individuals with
schizophrenia.
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Introduction

Schizophrenia is a heurodevelopmental disorder characterized by structural abnormalities in
the brain including cortical thinning (Kuperberg et al., 2003; Narr et al., 2005; Schultz et al.,
2010; White, Andreasen, Nopoulos, & Magnotta, 2003). Cortical thinning has also been
reported in first-degree biological family members of individuals with schizophrenia that are
not affected by the disorder (Byun et al., 2012; Goghari, Rehm, Carter, & MacDonald, 2007;
Hedman et al., 2016; Sprooten et al., 2013; Yang et al., 2010). Notably, across patients and
their first-degree relatives, structural differences in focal temporal lobe regions are among
the most consistently reported. Although verbal memory and cortical thinning have been
found to have a significant relationship among individuals with schizophrenia (Ehrlich et al.,
2012; Guimond, Chakravarty, Bergeron-Gagnon, Patel, & Lepage, 2016; Hartberg et al.,
2010), little has been done to establish this relationship in unaffected first-degree relatives.
Doing so will further support the view that verbal memory deficits are important
endophenotypes of the disorder with identifiable neuroarchitectural correlates.

1.1 Cortical thickness

Cortical thinning appears to occur in individuals with schizophrenia across a broad range of
focal regions, including frontotemporal (Kuperberg et al., 2003), frontopolar, cingulate, and
occipital regions (Narr et al., 2005). Thinning in the temporal cortex is among the most
consistently reported effect, and a more detailed analysis has pointed to the superior
temporal gyrus as a region in which both volume loss and cortical thinning have been found
in schizophrenia patients (Ohi et al., 2016).

In first-degree relatives unaffected by the disorder, individuals who are known to carry an
increased genetic load for schizophrenia; cortical thinning is reported in fewer focal brain
regions, and when it is reported, typically it occurs to a lesser degree than it does in
individuals with the disorder. We found small but statistically significant reductions in
cortical thickness among unaffected siblings relative to age-similar community controls
within the left parahippocampal gyrus and inferior occipital cortex (Yang et al., 2010). More
prominent reductions have been reported in the middle temporal gyrus (Sprooten et al.,
2013), right anterior cingulate, left paracingulate and posterior cingulate regions, bilateral
frontal regions, ventromedial prefrontal cortex, bilateral temporal regions, and bilateral
inferior parietal and occipital regions (Byun et al., 2012), and in the cingulate gyrus
(Goghari et al., 2007). In a longitudinal twin study, more pronounced cortical thinning over
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time, particularly for the left superior temporal cortex, was observed in both monozygotic
and dizygotic twin pairs discordant for schizophrenia as compared with healthy control twin
pairs(Hedman et al., 2016). Others have found either no differences compared to controls
(Goldman et al., 2009) or regional increases in cortical thickness in comparison to both
schizophrenia patients and controls (Goghari et al., 2007; Goghari, Truong, & Spilka, 2015).

1.2 Memory impairment

In a meta-analysis of studies examining memory impairment in schizophrenia, Aleman et al.
(1999) found that the impairment was stable, wide ranging, and not substantially affected by
potential moderating factors such as severity of psychopathology and duration of illness. A
selective impairment in declarative memory has also been identified in first-degree relatives.
A meta-analysis of 21 studies with several hundred first-degree relatives and healthy
controls demonstrated that the unaffected relatives performed more poorly on all memory
tests examined, and found that effect sizes ranged from small to moderate with the largest
effect sizes for the following: Trial 1 list recall = 0.65, Immediate story recall = 0.53, and
Delayed story recall = 0.52 (Whyte, Mclntosh, Johnstone, & Lawrie, 2005).

1.3 Correlations between cortical thinning and neurocognitive performance

Despite the large body of research examining both cortical thickness and neurocognitive
performance in schizophrenia, less research has been dedicated to examining the relationship
between the two, and none to date has analyzed this relationship in first-degree relatives.
Furthermore, methods for examining this relationship vary widely and only one study has
focused on memory impairment and its relation to cortical thickness. In patients diagnosed
with schizophrenia and divided by group in terms of the severity of verbal memory
impairment, the group with more “moderate to severe” impairment demonstrated
significantly thinner cortex in the left frontal lobe and the parahippocampal gyri (Guimond
et al., 2016). Similarly, Hartberg et al. (2010) found that in individuals with schizophrenia
and in healthy controls, there existed a statistically significant relationship between aspects
of the Rey Auditory Verbal Learning Tests (RAVLT) and cortical thickness in bilateral
temporal regions. Other studies with a broad focus have not found a relation between
temporal thickness and measures of verbal memory (Ehrlich et al., 2012; Hartberg et al.,
2010)

1.4 Aims and hypotheses

We set out to build on our previous findings that demonstrated statistically significant
reduced parahippocampal thickness in first-degree relatives of individuals with
schizophrenia, as well as on other research suggesting cortical thinning in temporal regions
represents a structural marker of schizophrenia genetic liability in this population. Due to the
large body of work suggesting significant memory impairment in schizophrenia patients and
their first-degree relatives, we aimed to examine the relation between memory impairment
and cortical thickness localized to the temporal cortex, expecting to see that Verbal
Learning, a factor score derived from performance on verbal memory tests and residualized
for age and sex, would be positively correlated with temporal cortical thickness in the first-
degree relatives of schizophrenia patients and the members of the community control
families. We also planned to follow up the overall factor score finding with an examination
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of the relationship of temporal cortical thickness to discrete measures of the CVLT-II and
WMS-I1II Logical Memory.

Experimental Materials/Methods

2.1 Participants

This study is part of the UCLA Family Study, a large, multidisciplinary study of
schizophrenia (Asarnow et al., 2002; Nuechterlein et al., 2002). This component of the
project involved adult-onset schizophrenia patients (probands) and their unaffected,
biological first-degree relatives (siblings and parents). Only the first-degree relatives (n=62)
of schizophrenia patients and healthy community controls (n=70) were included in the
present analysis.

Individuals with schizophrenia and their relatives were recruited from the UCLA Aftercare
Research Program (Fogelson et al., 2010; Nuechterlein et al., 2002). Community control
families were recruited from a list provided by a survey research company and telephone
contact. All participants provided informed consent in accordance with the rules and
regulations of the UCLA Institutional Review Board (IRB). To determine eligibility for the
UCLA Family Study, schizophrenia patients received a Structured Clinical Interview for
DSM-IV - Patient Version (SICD-1/P) (M. First, Spitzer, Gibbon, & Williams, 2001).
Community control subjects and all family members received the Structured Clinical
Interview for DSM-IV — Non Patient Version (SCID-1/NP) (First, Spitzer, Gibbon &
Williams, 2002). A DSM-1V schizophrenia diagnoses was determined by information
gathered by a clinical psychologist from the patient during a direct interview, collateral
information provided by caregivers, parents, and/or clinicians involved in their care, and/or
review of medical records. A diagnosis was confirmed by blind review by senior clinicians
that resulted in consensus diagnoses as described in prior publications (Asarnow et al., 2001;
Fogelson, Nuechterlein, Asarnow, Subotnik, & Talovic, 1991; Ventura, Liberman, Green,
Shaner, & Mintz, 1998).

Exclusion criteria for probands included neurological disorders, intellectual disability, and a
history of drug dependence or alcoholism in the six months prior to the assessment.
Additionally, for schizophrenia patients, their psychotic episode should not have been
immediately preceded by a period of drug use that may have triggered the psychosis.

2.2 MRI acquisition and processing

High-resolution T1-weighted structural magnetic resonance imaging (MRI) scans were
collected on a Siemens 1.5 Tesla Sonata system using a 3D MPRAGE sequence with four
averages (TR = 1900 ms; TE = 4.28 ms; Tl = 1100; flip angle: 15°; field of view = 256x256;
voxel size = 1x1x1 mm3, acquisition time: 32 minutes). Cortical thickness, measured as the
shortest distance between the cortical white/gray matter boundary to the pial surface, was
estimated for each subject within particular gyral regions using the Freesurfer Desikan-
Killiany Atlas (https://surfer.nmr.mgh.harvard.edu/fswiki/CorticalParcellation). To estimate
temporal lobe cortical thickness specifically, cortical thickness was averaged over entorhinal,
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fusiform, inferior temporal, middle temporal, parahippocampal, superior temporal, temporal
pole, and transverse temporal regions.

Each family member received a comprehensive battery of neuropsychological tests by either
a clinical psychologist or trained and supervised psychometrist blind to the diagnosis of the
proband. The tests included two verbal memory measures: the California Verbal Learning
Test, Second Edition (CVLT-I1) and a subtest of Wechsler Memory Scale 111, Logical
Memory.

2.4 Statistics

The UCLA Family Study utilized a comprehensive battery of neurocognitive tests on which
both schizophrenia patients and their unaffected first-degree relatives have demonstrated
deficits. A set of composite scores was created for use in data analyses with variables from
clinical, genetic, and neuroimaging domains. To account for the wide age range, regression
models were developed with the community control samples to allow normal age effects and
sex effects to be removed. A combination of factor analytic and clustering techniques was
applied to the resulting standardized scores to identify subgroups of measures with shared
variance. The final composites were derived by averaging the resultant sets of scores using
unit weights, resulting in five composite scores that measure attention, working memory,
verbal learning, verbal retention, and memory for faces. This procedure is described in detail
elsewhere (Sugar, In preparation). The Verbal Learning factor included loadings from the
CVLT-II Total Recall on Trials 1-5, CVLT-Il Recognition, and Logical Memory Immediate
Memory scores, each of which had been residualized for age and sex. The factor scores were
also residualized for age and sex and the final score was expressed in terms of standard
deviation units based on the community control sample.

Mean cortical thickness for the temporal cortex was computed based on the average of all
temporal lobe ROIs from the Freesurfer Desikan atlas as described above. Cortical thickness
data was analyzed for outliers. Two individuals, one in each group, were removed due to
unusually low cortical thickness relative to others in the sample (<2.6mm, greater than 2
standard deviations from the mean).

Using the GLM approach within IBM SPSS Statistics software, univariate ANOVAS were
conducted to explore the effect of group and verbal memory on temporal lobe thickness and
on frontal lobe thickness. A bivariate Pearson’s correlation between the verbal learning
factor and temporal lobe thickness was computed for each group in post-hoc analyses.
Additional correlational analyses were conducted using key subtests of the verbal memory
measures and regions of the temporal lobe.
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3.1. Demographic characteristics

3.2 ANOVA

The demographic characteristics of the relatives of schizophrenia patients and relatives of
healthy controls are shown in Table 1. Age, sex, handedness, and 1Q did not significantly
differ between the two groups.

A statistically significant interaction of group and verbal memory on temporal lobe cortical
thickness was established, F (1, 132) = 6.44, p = .01. The main effect of verbal learning, but
not group, on temporal lobe thickness was also statistically significant, F (1, 132) =5.57, p
=.02. Neither the interaction between group and verbal memory on frontal lobe cortical
thickness, F (1, 132) = 1.67, p = .20, nor the main effect of group, F (1, 132) = .94, p = .34,
or verbal memory, F (1, 132) = 1.27, p = .26, on frontal lobe cortical thickness was
statistically significant.

3.3 Post-hoc analyses

Post-hoc analyses revealed statistically significant Pearson correlations between temporal
lobe thickness and the verbal learning factor, r = .41, p=.001 only in the relatives of
schizophrenia probands. Further follow-up analyses with relatives of the schizophrenia
group was conducted using each of the three verbal learning scores used to calculate the
verbal learning factor, revealing that the temporal lobe was significantly correlated with
CVLT-II Total Recall on Trials 1-5, r=.37, p =.003 and with Logical Memory Immediate
Recall, r = .38, p =.004.

We also examined correlations separately between the verbal memory factor and the various
regions that comprise the temporal lobe, including the left and right entorhinal, fusiform,
inferior temporal, middle temporal, parahippocampal, superior temporal, temporal pole, and
transverse temporal temporal regions. Significant correlations were found only within the
relatives of schizophrenia patients, in the left inferior temporal, left parahippocampal, left
superior temporal, left temporal pole, right entorhinal, and right inferior temporal. While all
of these correlations were in the same directions, only the left temporal pole correlation with
verbal learning survives correction for multiple comparisons using the Hochberg and
Benjamini (1990) model (r=.47, p=.001).

Discussion

Despite numerous studies documenting deficits in cognitive functioning and structural
abnormalities in the cortex of individuals with schizophrenia (Ehrlich et al., 2012; Guimond,
et al., 2016; Hartberg et al., 2010), less research attempts to clarify the impact of cortical
architecture on cognitive performance in unaffected first-degree relatives of individuals with
schizophrenia. This study set out to investigate the nature of temporal lobe thickness,
commonly associated with episodic memory functioning, on verbal learning in relatives, in
order to better understand the degree to which the structural integrity of the cortex
contributes to cognitive impairments outside of the disease process. Our primary hypothesis
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that cortical thickness in the temporal lobes would be related to verbal learning was
supported. Additionally, a statistically significant correlation between temporal lobe
thickness and our verbal memory factor score was observed in the first-degree relatives of
the schizophrenia probands. These results are consistent with fMRI research demonstrating
hypoactivation of temporal regions in unaffected relatives during memory encoding tasks
(Pirnia et al., 2015). Unaffected individuals at high-risk of developing psychosis (who later
converted to psychosis) have also demonstrated reduced connectivity between MTL regions
and auditory-verbal and visual-association regions (Haut et al., 2015).

Conversely, the correlations between temporal lobe cortical thickness and scores on the
verbal memory factor were not statistically significant in the first degree relatives of healthy
controls. The discrepancy was somewhat unexpected, insofar as temporal lobe structures are
known to support episodic memory functioning. Perhaps among the relatives of controls
differences in verbal memory are due to variable strategies for encoding and retrieval that
involve other functional circuits rather than temporal lobe thickness. For instance, activation
in the prefrontal cortex has been identified in functional neuroimaging tasks of episodic
memory in both schizophrenia patients (Heckers et al., 1999; Ragland et al., 2009) and
healthy controls (Ragland et al., 2015), as well as in studies using PET (Fletcher et al.,
1998). In relatives of schizophrenia patients, the relationship may be clearer because a
minimal level of temporal lobe tissue (or intact neural organization) is required to support
mnemonic strategies beyond simple rehearsal, making cortical thickness a more relevant
factor in memory performance. In fact, deficits in mnemonic strategy have been documented
among individuals with schizophrenia (Roofeh et al., 2006), a phenomenon attributed to
frontal/executive dysfunction. Greater dependence on simple rehearsal may make temporal
lobe cortical thickness a stronger determinant of learning performance.

This study was limited by lack of access to information about learning strategy on the
CVLT-II, something that future research may be able to clarify. It is interesting to note that
the individual test scores with the strongest correlations with temporal lobe cortical
thickness in the relatives of schizophrenia patients tended to reflect initial encoding and
immediate memory rather than recall after a long delay. Functional activation maps of the
cortex during learning and memory tasks could be helpful in identifying whether there is a
difference in the network of brain regions being utilized to perform verbal memory tasks
between the relatives of controls and the relatives of schizophrenia patients. Perhaps the
relatives of controls are better able to recruit additional neural resources to facilitate retrieval
(e.g., the dorsolateral prefrontal cortex for immediate working memory demands). To date,
these questions have not been examined in the first-degree relatives or individuals with
schizophrenia. Future research should replicate these results and also examine relationships
between memory performance and cortical thickness in frontal regions known to contribute
to memory function, including the dorsolateral prefrontal cortex which is often implicated in
working memory.

Acknowledgments

Role of Funding Source

Schizophr Res. Author manuscript; available in PMC 2019 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fernandez et al. Page 8

This research was supported by the following grants: T32 MH096682, R01 MH49716, R37 MH45112, R01
MH37705, and P50 MH066286. Aside from funding the initial research proposal, these entities did not play a
significant role in the collection of data, analysis of results, conclusions of the study, or writing of the manuscript.

References

Asarnow RF, Nuechterlein KH, Fogelson D, Subotnik KL, Payne DA, Russell AT, ... Kendler KS.
Schizophrenia and schizophrenia-spectrum personality disorders in the first-degree relatives of
children with schizophrenia: the UCLA family study. Arch Gen Psychiatry. 2001; 58(6):581-588.
y0a9333 [pii]. [PubMed: 11386988]

Asarnow RF, Nuechterlein KH, Subotnik KL, Fogelson DL, Torquato RD, Payne DL, ... Guthrie D.
Neurocognitive impairments in nonpsychotic parents of children with schizophrenia and attention-
deficit/hyperactivity disorder: the University of California, Los Angeles Family Study. Archives of
General Psychiatry. 2002; 59(11):1053-1060. [PubMed: 12418939]

Byun MS, Kim JS, Jung WH, Jang JH, Choi JS, Kim SN, ... Kwon JS. Regional cortical thinning in
subjects with high genetic loading for schizophrenia. Schizophr Res. 2012; 141(2-3):197-203. DOI:
10.1016/j.schres.2012.08.028 [PubMed: 22998933]

Ehrlich S, Brauns S, Yendiki A, Ho BC, Calhoun V, Schulz SC, ... Sponheim SR. Associations of
cortical thickness and cognition in patients with schizophrenia and healthy controls. Schizophr Bull.
2012; 38(5):1050-1062. DOI: 10.1093/schbul/sbr018 [PubMed: 21436318]

First M, Spitzer R, Gibbon M, Williams J. Structured Clinical Interview for DSM-IV Axis | Disorders
- Patient Edition (SCID-1/P). New York: Biometrics Research Department, New York State
Psychiatric Institute; 2001.

First MB, Spitzer Robert L, Miriam GibbonWilliams Janet BW. Structured Clinical Interview for
DSM-IV-TR Axis | Disorders, Research Version, Non-patient Edition. (SCID-1/NP). New York:
Biometrics Research: New York State Psychiatric Institute; 2002.

Fletcher PC, McKenna PJ, Frith CD, Grashy PM, Friston KJ, Dolan RJ. Brain activations in
schizophrenia during a graded memory task studied with functional neuroimaging. Arch Gen
Psychiatry. 1998; 55(11):1001-1008. [PubMed: 9819069]

Fogelson DL, Asarnow RA, Sugar CA, Subotnik KL, Jacobson KC, Neale MC, ... Nuechterlein KH.
Avoidant personality disorder symptoms in first-degree relatives of schizophrenia patients predict
performance on neurocognitive measures: The UCLA family study. Schizophr Res. 2010;
S0920-9964(09)00594-5 [pii]. doi: 10.1016/j.schres.2009.12.004

Fogelson DL, Nuechterlein KH, Asarnow RF, Subotnik KL, Talovic SA. Interrater reliability of the
Structured Clinical Interview for DSM-111-R, Axis I1: schizophrenia spectrum and affective
spectrum disorders. Psychiatry Res. 1991; 39(1):55-63. 0165-1781(91)90008-D [pii]. [PubMed:
1771209]

Goghari VM, Rehm K, Carter CS, MacDonald AW 3rd. Regionally specific cortical thinning and gray

matter abnormalities in the healthy relatives of schizophrenia patients. Cereb Cortex. 2007; 17(2):
415-424. DOI: 10.1093/cercor/bhj158 [PubMed: 16547347]

Goghari VM, Truong W, Spilka MJ. A magnetic resonance imaging family study of cortical thickness
in schizophrenia. Am J Med Genet B Neuropsychiatr Genet. 2015; 168(8):660-668. DOI:
10.1002/ajmg.b.32354 [PubMed: 26235705]

Goldman AL, Pezawas L, Mattay VS, Fischl B, Verchinski BA, Chen Q, ... Meyer-Lindenberg A.
Widespread reductions of cortical thickness in schizophrenia and spectrum disorders and evidence
of heritability. Arch Gen Psychiatry. 2009; 66(5):467-477. DOI: 10.1001/archgenpsychiatry.
2009.24 [PubMed: 19414706]

Guimond S, Chakravarty MM, Bergeron-Gagnon L, Patel R, Lepage M. Verbal memory impairments
in schizophrenia associated with cortical thinning. Neuroimage Clin. 2016; 11:20-29. DOI:
10.1016/j.nicl.2015.12.010 [PubMed: 26909322]

Hartberg CB, Lawyer G, Nyman H, Jonsson EG, Haukvik UK, Saetre P, ... Agartz I. Investigating
relationships between cortical thickness and cognitive performance in patients with schizophrenia
and healthy adults. Psychiatry Res. 2010; 182(2):123-133. DOI: 10.1016/j.pscychresns.
2010.01.001 [PubMed: 20456929]

Schizophr Res. Author manuscript; available in PMC 2019 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fernandez et al.

Page 9

Haut KM, van Erp TG, Knowlton B, Bearden CE, Subotnik K, Ventura J, ... Cannon TD.
Contributions of Feature Binding During Encoding and Functional Connectivity of the Medial
Temporal Lobe Structures to Episodic Memory Deficits Across the Prodromal and First-Episode
Phases of Schizophrenia. Clin Psychol Sci. 2015; 3(2):159-174. DOI:
10.1177/2167702614533949 [PubMed: 25750836]

Heckers S, Goff D, Schacter DL, Savage CR, Fischman AJ, Alpert NM, Rauch SL. Functional imaging
of memory retrieval in deficit vs nondeficit schizophrenia. Arch Gen Psychiatry. 1999; 56(12):
1117-1123. [PubMed: 10591289]

Hedman AM, van Haren NE, van Baal GC, Brouwer RM, Brans RG, Schnack HG, ... Hulshoff Pol
HE. Heritability of cortical thickness changes over time in twin pairs discordant for schizophrenia.
Schizophr Res. 2016; 173(3):192-199. DOI: 10.1016/j.schres.2015.06.021 [PubMed: 26215507]

Kuperberg GR, Broome MR, McGuire PK, David AS, Eddy M, Ozawa F, ... Fischl B. Regionally
localized thinning of the cerebral cortex in schizophrenia. Arch Gen Psychiatry. 2003; 60(9):878—
888. DOI: 10.1001/archpsyc.60.9.878 [PubMed: 12963669]

Narr KL, Toga AW, Szeszko P, Thompson PM, Woods RP, Robinson D, ... Bilder RM. Cortical
thinning in cingulate and occipital cortices in first episode schizophrenia. Biol Psychiatry. 2005;
58(1):32-40. DOI: 10.1016/j.biopsych.2005.03.043 [PubMed: 15992520]

Nuechterlein KH, Asarnow RF, Subotnik KL, Fogelson DL, Payne DL, Kendler KS, ... Mintz J. The
structure of schizotypy: relationships between neurocognitive and personality disorder features in
relatives of schizophrenic patients in the UCLA Family Study. Schizophr Res. 2002; 54(1-2):121~
130. S0920996401003590 [pii]. [PubMed: 11853986]

Ohi K, Matsuda Y, Shimada T, Yasuyama T, Oshima K, Sawai K, ... Kawasaki Y. Structural alterations
of the superior temporal gyrus in schizophrenia: Detailed subregional differences. Eur Psychiatry.
2016; 35:25-31. DOI: 10.1016/j.eurpsy.2016.02.002 [PubMed: 27061374]

Ragland JD, Laird AR, Ranganath C, Blumenfeld RS, Gonzales SM, Glahn DC. Prefrontal activation
deficits during episodic memory in schizophrenia. Am J Psychiatry. 2009; 166(8):863-874. DOI:
10.1176/appi.ajp.2009.08091307 [PubMed: 19411370]

Ragland JD, Ranganath C, Harms MP, Barch DM, Gold JM, Layher E, ... Carter CS. Functional and
Neuroanatomic Specificity of Episodic Memory Dysfunction in Schizophrenia: A Functional
Magnetic Resonance Imaging Study of the Relational and Item-Specific Encoding Task. JAMA
Psychiatry. 2015; 72(9):909-916. DOI: 10.1001/jamapsychiatry.2015.0276 [PubMed: 26200928]

Roofeh D, Cottone J, Burdick KE, Lencz T, Gyato K, Cervellione KL, ... Kumra S. Deficits in
memory strategy use are related to verbal memory impairments in adolescents with schizophrenia-
spectrum disorders. Schizophr Res. 2006; 85(1-3):201-212. DOI: 10.1016/j.schres.2006.03.030
[PubMed: 16690255]

Schultz CC, Koch K, Wagner G, Roebel M, Nenadic I, Schachtzabel C, ... Schlosser RG. Complex
pattern of cortical thinning in schizophrenia: results from an automated surface based analysis of
cortical thickness. Psychiatry Res. 2010; 182(2):134-140. DOI: 10.1016/j.pscychresns.
2010.01.008 [PubMed: 20418074]

Sprooten E, Papmeyer M, Smyth AM, Vincenz D, Honold S, Conlon GA, ... Lawrie SM. Cortical
thickness in first-episode schizophrenia patients and individuals at high familial risk: a cross-
sectional comparison. Schizophr Res. 2013; 151(1-3):259-264. DOI: 10.1016/j.schres.
2013.09.024 [PubMed: 24120958]

Sugar CAA, Robert F, Subotnik Kenneth L, Nuechterlein Keith H. Standardization and Dimension
Reduction for Complex Multivariate Psychiatric Data Sets: The UCLA Family Study for
Schizophrenia Vulnerability. In preparation.

Ventura J, Liberman RP, Green MF, Shaner A, Mintz J. Training and quality assurance with the
Structured Clinical Interview for DSM-1V(SCID-1/P). Psychiatry Research. 1998; 79:163-173.
[PubMed: 9705054]

White T, Andreasen NC, Nopoulos P, Magnotta V. Gyrification abnormalities in childhood- and
adolescent-onset schizophrenia. Biol Psychiatry. 2003; 54(4):418-426. [PubMed: 12915286]

Whyte MC, MclIntosh AM, Johnstone EC, Lawrie SM. Declarative memory in unaffected adult
relatives of patients with schizophrenia: a systematic review and meta-analysis. Schizophr Res.
2005; 78(1):13-26. DOI: 10.1016/j.schres.2005.05.018 [PubMed: 16006102]

Schizophr Res. Author manuscript; available in PMC 2019 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Fernandez et al.

Page 10

Yang Y, Nuechterlein KH, Phillips O, Hamilton LS, Subotnik KL, Asarnow RF, ... Narr KL. The
contributions of disease and genetic factors towards regional cortical thinning in schizophrenia: the
UCLA family study. Schizophr Res. 2010; 123(2-3):116-125. DOI: 10.1016/j.schres.2010.08.005
[PubMed: 20817413]

Schizophr Res. Author manuscript; available in PMC 2019 September 01.



Page 11

Fernandez et al.

“UOITRINGP PABpUEIS F UeaW Se uanIb eleq

(Buluoseay XLIeA pue Ale|ngeaos) s1s8lgns g uo paseq
*¥

159) sseupapuey Wall-/ © Uo puey 1yBLI YIm pazijin swall Jo Jaquinn
¥

010 szl 19T 9'ST F 15801 €ZTIFI9CTT 5O 1SYM
150 0ET 850 9 99 » SSOUPAPUEH
L0 1 600 l1g=4 ov=d xes
vT0 0T 6Y'T- E8VT FIE8Y EV'ST ¥ LETY aby
anea-d  Jp Xn 29=N 0/=N
spueqo.d eluaiydoziyos Jo SaAe|ay  SaAlR|ay |041U0D
sisAjeuy

spueqo.d eiuaiydoziyds Jo sanne|al aaibap-1si1) pajoayeun pue sjuedioiled [04U09 AllUNWWOI JO SaANR|a) :Sa|qelieA alydeibowaq

T alqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Schizophr Res. Author manuscript; available in PMC 2019 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Fernandez et al. Page 12

Table 2

Pearson correlations between cortical thickness in the temporal lobe, verbal memory factor, and key verbal
learning subtests

CVLT-1I Logical Memory
Group
Verbal learning factor ~ Total 1-5  Short Delay Recall  Immediate Recall
Control Relatives -0.02 0.09 0.06 -0.06
Relatives of Schizophrenia Probands an 0377 0.22 387"

*Kk
Correlation is significant at the 0.01 level (2-tailed).

*
Correlation is significant at the 0.05 level (2-tailed).

Outliers have been removed (L and R temporal lobe thickness < 2.6), n=1 in each group respectively
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