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Abstract

Background—Gyrification features reflect brain development in the early prenatal environment. 

Clarifying the nature of these features in psychosis can help shed light on the role of early 

developmental insult. However, the literature is currently widely discrepant, which may reflect 

confounds related to formally psychotic patient populations or overreliance on a single cortical 

surface morphometry(CSM) feature.

Methods—The present study compares CSM features of gyrification in clinical high-risk (CHR, 

n=43) youth during the prodromal risk period to typically developing controls over two time points 

across three metrics; local gyrification index(lGI), mean curvature index(MCI), and sulcal depth 

(improving resolution and examination of change over 1-year).

Results—Gyrification was stable over time, supporting that gyrification reflects early insult 

rather than abnormal development/reorganization associated with the disease state. Each of the 

indices highlighted unique, aberrant features in the CHR group with respect to controls. 

Specifically, lGI reflected hypogyrification in lateral orbitofrontal, superior bank of the superior 

temporal sulcus, anterior isthmus of the cingulate, and temporal poles; MCI indicated sharper 

gyral and flatter/wider sulcal peaks in the cingulate, post-central, and lingual gyrus; sulcal depth 

identified shallow features in parietal, superior temporal sulcus, and cingulate regions. Further, 

both MCI and sulcal depth converged on abnormal features in the parietal cortex.

Conclusions—Gyrification metrics suggest early developmental insult and provides support for 

neurodevelopmental hypotheses. Observations of stable CSM features across time provide context 

for interpreting extant studies and speak to CSM as a promising stable marker/endophenotype. 

Collectively, findings support the importance of considering multiple CSM features.

Corresponding Author: Katherine Damme, Department of Psychology, Northwestern University, 2029 Sheridan Rd., Evanston, IL 
60208, Tel: 402-890-3606, Kate.Damme@u.northwestern.edu. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Financial Disclosure
All authors report no biomedical financial interests or potential conflicts of interest.

HHS Public Access
Author manuscript
Biol Psychiatry Cogn Neurosci Neuroimaging. Author manuscript; available in PMC 2020 
May 01.

Published in final edited form as:
Biol Psychiatry Cogn Neurosci Neuroimaging. 2019 May ; 4(5): 434–443. doi:10.1016/j.bpsc.
2018.01.003.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

Cortical Surface; Morphometry; Schizophrenia; Prodrome; Psychosis; Gyrification; Sulcal Depth; 
Curvature Index

BACKROUND

Cortical surface morphometry (CSM) may provide critical insight into the timing of 

developmental insults or pathogenic factors that contribute to psychotic disorders (1,2). 

Indeed gyrification, a CSM feature parametrized by local gyrification index (lGI), mean 

curvature index (MCI), and sulcal depth may reflect abnormal connectivity in utero and in 

early development, as cortical folding reflects late 2nd and 3rd trimester integrity of cortico-

cortical and subcortical connectivity (1,2). Gyrification measured in late adolescence and 

early adulthood may be relatively unchanged by adolescent neuromaturational processes that 

drive instability in other cortical features (3). This relative stability suggests that gyrification 

metrics may provide unique insight into the contribution of early development to risk for 

psychosis (2,3).

Unfortunately, little is known about the contributions of early brain development to 

psychosis because clinical markers of psychosis often appear in late adolescence to early 

adulthood when neuromaturational processes have already obscured early development (3). 

Indirect evidence suggests a link between early brain development and increased rates of 

psychosis from prenatal famine/nutrition (4,5), flu exposure (6, 7), and deletions of genes 

related to early brain development (i.e., 22q11 deletion; 8,9). Furthermore, other established 

markers of early prenatal development (e.g., dermatoglyphics) relate to psychosis (10,11), 

but do not provide a direct metric of brain development. Gyrification may provide a more 

direct metric of early brain development and added insight into abnormal 

neurodevelopmental processes in psychosis.

With regard to schizophrenia, the CSM literature is inconsistent (12–14). These 

inconsistencies may be due in part to variations in methodological approaches and 

confounds associated with schizophrenia (e.g. substance dependence and medications) (15–

17). As a result, it is unknown if gyrification abnormalities reflect early insult alone and 

remain unchanged during the prodromal period. Alternatively, gyrification may be subject to 

later neurodegenerative or putative factors such as medication or substance abuse. If stable, 

gyrification would provide an early marker of prenatal insult that is stable across pubertal 

neuromaturation. Additionally, gyrification metrics may confer additional sensitivity to 

detecting risk for psychosis, thus adding insight from prenatal development that 

compliments structural metrics of prodromal neural reorganization (e.g. cortical thickness) 

(18–20).

Evaluating clinical high risk (CHR) populations (i.e., youth exhibiting prodromal syndromes 

indicating imminent risk for psychotic disorders prior to psychosis onset) can provide 

predictive biomarkers as well as insight into pathogenic processes. While this group does 

exhibit some of the same types of confounds as seen in patients with schizophrenia overall; 

individuals in this period tend to show fewer factors that convolute results compared to 
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chronic psychosis populations (e.g., medication rates and doses are often lower). With 

respect to CSM, the few studies that focus on CHR populations do indicate surface 

abnormalities in these individuals (15–16,21–22). Nevertheless, there is no comprehensive 

understanding of CSM in CHR individuals, as these investigations rely on a single CSM 

metric at a single time point (see Supplemental Information (SI) for a review and 

comparison of metrics). Examining multiple time points of CSM features may establish 

whether gyrification reflects a pre-existing early insult or pathogenic processes during the 

CHR period. This approach may provide insight into these features in schizophrenia and 

spectrum populations; specifically, this will help to determine if CSM features are sensitive 

to neurodegenerative processes or putative environmental factors (See Table 1; See SI for 

review of relevant literature).

The current study evaluates three metrics of gyrification: local gyrification index, mean 

curvature index, and sulcal depth. Local gyrification index (lGI), is the ratio of an outer 

surface contour to buried cortical surface which employs advanced computation in three-

dimensions of gyrification rather than relying on a single orientation such as gyrification 

index (GI) (23–24). While the lGI provides invaluable information, it references an 

individualized contour; taking this approach in isolation may obscure the exact nature of the 

specific gyral morphometry. A solution to this issue may lie in incorporating additional 

measures such as mean curvature index (MCI). MCI quantifies each vertex in terms of the 

radius of osculating circles from the peak of each gyrus (25). This CSM metric provides 

further sensitivity to changes on a smaller scale and information about the shape of a given 

arch (i.e. higher MCI implies a sharper curve while lower numbers represent a wider arch; 

26). Finally, sulcal depth provides unique and complimentary estimates of linear distance 

from a reference midpoint surface (i.e. the global midpoint between the gyri and sulci; 27). 

Thus, incorporating three metrics provides a more comprehensive and nuanced perspective, 

which includes an inner/outer surface ratio, a curve reference, and linear height/depth.

By incorporating data across two scan sessions and combining complementary indices (lGI, 

MCI, and sulcal depth) in a single population, we provide a more comprehensive account of 

CSM differences (See SI for a review of metrics) in CHR individuals. In addition, the 

present study benefits from incorporating data from two scan sessions, an approach that 

improves the likelihood of accounting for additional variance and noise (e.g., the variance in 

gyrification related to scan slice angle in image acquisition) (17, 24) and stability of CSM 

variables. Further, examining CSM features over time allows for a novel perspective that 

clarifies if CSM features reflect a stable vulnerability trait or something that shifts as a 

function of pathogenic processes in the CHR period.

In the present investigation, 81 participants (43 CHR and 38 healthy control; HC) completed 

clinical interviews, a structural scan at a baseline, and then a second follow-up scan 12 

months later. We evaluated gyrification features from large scale folding ratios (lGI), shape 

of the curve (mean curvature index; MCI), and the height/depth of gyri and sulci (sulcal 

depth) in both groups (see SI). We predicted that these CSM features develop in utero and 

are relatively insensitive to developmental and environmental factors. Past findings 

suggested both hyper- and hypo-gyrification in schizophrenia (12,14,28). Similarly, 

gyrification index, folding index, and lGI studies in CHR youth indicate widespread aberrant 
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gyrification (15–16, 21, 29–32), with little convergence outside of frontal and temporal 

regions. From this literature, we predicted that CHR youth will show aberrant lGI in frontal 

and temporal regions. There is no current guiding literature on curvature, and so we 

investigated curvature with exploratory analyses. Based on limited evidence in the olfactory 

cortex indicating shallow sulcal depth in CHR youth (22), we predicted shallower peaks and 

depths for sulcal depth. Further, we predicted that there would be no difference in slope 

between time-points, indicating the relative stability of gyrification over time. Finally, we 

aimed to examine how the features relate to one another; any areas of overlap (where CHR 

shows abnormalities compared to HC) were evaluated in both a quantitative and qualitative 

fashion.

METHODS

A total of 81 participants (CHR=43, HC=38) were recruited through the Adolescent 

Development and Preventive Treatment (ADAPT) Program. CHR inclusion criteria was 

based on the presence of a prodromal syndrome (33) and not genetic risk. Demographic and 

positive symptoms characteristics of the sample are described in Table 2 (See SI for 

exclusion and recruitment criteria). The Structured Interview for Prodromal Syndromes 

(SIPS; 34) was used to diagnose CHR syndromes. Participants were also given the Word 

Reading subtest of the fourth edition of the Wide Range Achievement Test (WRAT) as a 

measure of general intelligence. The WRAT is well-validated and broadly used measure of 

achievement and broad learning ability for adolescents and young adults (35).

A 3-Tesla Siemens Tim Trio MRI Scanner (Siemens AG, Munich, Germany) using a 

standard 12-channel head coil acquired two scans approximately one year apart. Structural 

images were collected on a T1-weighted 3D magnetization prepared rapid gradient multi-

echo sequence (MPRAGE; sagittal plane; repetition time [TR] 2,530 ms; echo times 

[TE]51.64 ms, 3.5 ms, 5.36 ms, 7.22 ms, 9.08 ms; GRAPPA parallel imaging factor of 2; 1 

mm3 isotropic voxels, 192 interleaved slices; FOV 525 6 mm; flip angle 57). Query Design 

Estimate Contrast tool (QDEC) in the FreeSurfer 6.0 program generated the group contrasts 

in a general linear model controlling for gender and medication status, and compared MCI 

and sulcal depth at each vertex. Local gyrification index was calculated using the general 

linear model tools (24, For full data acquisition parameters and preprocessing see 

Supplemental Information). QDEC in the FreeSurfer program generated the group contrasts 

in a repeated measure ANOVA, controlling for gender and medication status, compared MCI 

and sulcal depth at each vertex. To examine gyrification stability, an Inter-Class Correlation 

(ICC) compared the CSM metrics for each time point for significant clusters to reduce the 

number of comparisons to the relevant vertices discussed below. These analyses treat 

FreeSurfer’s standardized algorithm as a single, stable rater of CSM metrics in a fixed-rater 

model of class correlation, which was used in the Psych Package of R v.3.1.2 (36). While 

Cronbach’s Alpha is typically reported, Guttman’s Lambda has been reported here as it 

better takes into account the variance of the data (36; See SI for full description).
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RESULTS

Group Comparison of the Cortical Surface Morphometry Gyrification Metrics

In a whole brain analyses, the CHR and HC groups differed in gyrification (FDR-corrected 

p<.05, across both hemispheres and Bonferroni corrected for three metric comparisons). The 

analyses revealed six significant clusters where the lGI differed by group controlling for 

gender and antipsychotic status (Figure 1, Table 3). In the left hemisphere, the CHR group 

showed a decreased lGI, or reduction in the outer surface to inner surface signifying less 

gyrification, in the bank of the superior temporal sulcus and the temporal pole. In the right 

hemisphere, the CHR group showed a reduction in lGI-less gyrification- in the lateral 

orbitofrontal, bank of the superior temporal sulcus, parahippocampal gyrus, and fusiform. 

Interestingly, no clusters demonstrated increased gyrification in the CHR group suggesting 

hypogyrification in the CHR group compared to the HC group.

Whole brain analyses revealed nine significant clusters where MCI differed by group (Figure 

2, Table 4). For many regions on the left hemisphere, the CHR group demonstrated a 

decreased MCI, or sharper gyral curves, in the lingual gyrus, inferior parietal lobule, and 

postcentral gyrus. A single left hemisphere cluster demonstrated opposing results with the 

fusiform gyrus showing sharper gyrification in the CHR group. In the right hemisphere, the 

CHR group showed a decrease MCI with decreased peak angles in the superior parietal 

lobule, isthmus cingulate, and superior parietal lobule. A single right hemisphere cluster 

demonstrated opposing results in a sulcus of the superior parietal lobule showing sharper 

gyrification in the CHR group.

In each hemisphere, the CHR and HC groups differed in sulcal depth. The analyses revealed 

nine significant clusters where sulcal depth differed by group controlling for gender and 

antipsychotic status (Figure 3, Table 5). In the left hemisphere, the CHR showed decreased 

sulcal depth, or gyral height from the cortical midpoint, in the postcentral gyrus, posterior 

cingulate, rostral middle frontal gyrus, and lingual gyrus. Again, there was a single cluster of 

increased sulcal depth on the fusiform gyrus. In the right hemisphere, the CHR had 

decreased sulcal depth in gyral areas of the superior parietal lobule and anterior cingulate 

with a single cluster of increased sulcal depth in the UHR group in the superior parietal 

lobule.

Comparison of Cortical Surface Morphometry Across Metrics and Time

To evaluate whether CSM clusters converge on vertices or identify unique vertices of surface 

morphometry, significant clusters were overlaid pairwise, generating two unique masks: a 

convergence map (containing vertices where metrics overlap on CSM abnormalities) and a 

uniqueness map (demonstrating the unique information provided by each metric) (Table 5, 

Figure 4). Spatial convergence of significant voxels only occurred between two metrics, 

MCI (19.5% of vertices overlap in the left hemisphere; 28.72% of vertices overlap in the 

right hemisphere) and abnormal sulcal depth (34.61% of vertices overlap in the left 

hemisphere; 26.44% of vertices overlap in the right hemisphere). Qualitatively, while the 

ratio metric of lGI demonstrated distinct gyrification in frontal and temporal regions, the 
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geometric distance and shape metrics, MCI and sulcal depth, clusters were primarily in 

parietal, occipital, and cingulate regions, Supplemental Table 1.

In order to use both time points as a converging data point, we tested the assumption that the 

gyrification is stable over time. These time points also provided us with a unique opportunity 

to confirm the stability of gyrification and assess whether these metrics changed during the 

prodromal period. Across all subjects the CSM metrics were significantly and highly stable 

over time (See SI). These measures were also highly reliable: lGI (Λ=.92), MCI (Λ=.86), 

and sulcal depth (Λ=.93). In parallel analyses, the CHR group did not significantly vary in 

the stability of their CSM, Supplemental Table 2. Follow-up analyses compared peak 

clusters to symptoms, see SI and Supplemental Table 3.

CONCLUSIONS

The present study was highly innovative in examining a number of CSM characteristics over 

two time points (one year apart) during the CHR period. This approach yielded several 

important findings. First, CSM characteristics appeared highly stable over time, which has 

relevance for informing conceptual models of psychosis. Next, we observed distinct 

abnormalities in CSM features across cingulate, parietal, orbital frontal, and superior 

temporal regions. Further, we detected converging clusters of aberrant CSM matrixes, 

converging on the parietal lobule. Taken together, this novel approach was effective in 

providing a comprehensive perspective that yielded new discoveries about CSM features. 

Specifically, each index highlighted unique aberrant features in the CHR group, which 

would have been missed if we had employed a single variable approach. With lGI, CHR 

participants exhibited hypogyrification in lateral orbitofrontal cortex, superior bank of the 

superior temporal sulcus, anterior isthmus of the cingulate, and temporal poles. In terms of 

curvature, the CHR youth had both sharper peaks on the gyri and flatter/wider sulcal peaks 

in the posterior isthmus of the cingulate, post-central gyrus, and the lingual gyrus. In terms 

of sulcal depth, we observed shallower overall gyrification in the CHR youth with distinct 

local parietal, parietal opericulum, inferior bank of the superior temporal sulcus, and rostral 

cingulate regions.

In line with predictions, there was abnormal gyrification in the CHR group in the temporal 

and frontal lobes. The evaluation of lGI identified entirely spatially unique clusters where 

groups differed. The distinct spatial and conceptual information (i.e., local ratios rather than 

linear or arc metric) provided by this metric highlights the importance integrating multiple 

metrics of CSM features. The CHR group demonstrated hypo-gyrification compared to the 

HC group and this finding is consistent with reports from other studies of CHR participants. 

Bakker et al. (2016) found a similar hypogyrification pattern that was predictive of later 

symptoms (37). Similarly, Hirjak et al. (2015), found clinical features related to aberrant 

gyrification along the bank of the superior temporal sulcus, a region that was also identified 

in the current study (38). Finally, these findings are consistent with single time point 

analyses of CHR (31–32), first episode psychosis (31–32), and schizophrenia (39), who 

found similar patterns of gyrification temporal, frontal, and parahippocampal regions when 

compared to controls.
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Group comparisons of MCI, an understudied metric of gyrification, revealed distinct parietal 

geometry of gyrification related to the CHR group. This metric indicated many clusters in 

the parietal lobe, demonstrating steeper, sharper curves on the edge of gyri and wider curves 

within the sulci. While no previous studies of CHR individuals have investigated MCI, 

studies of schizophrenia do demonstrate a pattern of parietal sulcal curvature distinct from 

controls (40). Drawing instead from related work in connectivity (41), and other metrics of 

gyrification (31–32,39), there was ample evidence relating superior temporal, orbitofrontal, 

cingulate, and parietal regions in psychosis in adolescence, but none of this has been taken 

directly from MCI. Here, we provided further support for the notion that MCI may be a 

useful metric of pathological early development, identifying distinct CHR cingulate 

curvature features not yet identified in the literature. Importantly, MCI was sensitive to the 

CSM features that would not have been identified by examining lGI alone. While several 

MCI features converged with sulcal depth to identify surface features that distinguished 

between CHR and HC groups, 76.4% of voxels identified by MCI were unique. This MCI 

specific pattern highlighted again the importance of a comprehensive approach to analyzing 

CSM features. Furthermore, while common CSM feature sites were identified, each metric 

provided unique conceptual information about these voxel sites. Specifically, MCI identified 

distinct shape features of curvature, but provided no insight into the gray matter to white 

matter ratio or height or depth of gyri and sulci.

The sulcal depth group analysis indicated aberrant structure in the CHR group, largely in 

parietal, opercular, and cingulate regions. While the only CHR study of sulcal depth focused 

on a region of interest in the olfactory sulcus (22), the current parietal pattern of sulcal depth 

abnormalities is consistent with findings that identified postcentral and parietal opercular 

regions of aberrant sulcal depth in schizophrenia (42). While many CSM features overlapped 

with the features identified by MCI, several of the sulcal depth metrics clusters were distinct 

in their identification of critical clusters. Additionally, sulcal depth provided unique 

information about these clusters. MCI indicated that parietal clusters fall away more steeply 

into wider sulcal curves, and sulcal depth findings suggested that these curves were also 

shallower in sulcal depth. Taken together, the HC group had both higher gyri and lower sulci 

compared to CHR in these clusters.

The neural diathesis-stress conceptualization of psychosis suggests genetic factors and early 

developmental insults confer early vulnerability for psychosis. Then later, in adolescence, 

this pre-existing aberrant CSM feature vulnerability interacts with neuromaturational factors. 

This interaction of early and neuromaturational factors – both normative and pathological 

brain development – eventually form psychotic symptoms (20,43–44). Examining the 

adolescent period immediately preceding onset yielded many important findings. However, 

our understanding of both the early insult period, and how early insult later interacts with 

pubertal factors, is limited.

The present findings provide two important advancements in this regard. First, youth 

meeting criteria for a prodromal syndrome did, in fact, show marked brain characteristics 

that may speak to an early insult, as CSM features developed and harden in response to 

connectivity. Second, the present results provided a new perspective on the stability of CSM 

features across adolescent neuromaturational processes in both CHR individuals and 
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controls. While gyrification developed in tandem with brain connectivity in utero (45), the 

majority of studies emphasized neural development in the adolescent prodromal period (29; 

46). The vast adolescent neuromaturational changes led researchers to question if CSM 

features undergo further changes in the prodrome or after onset (15–16). Additionally, 

present findings suggest that gyrification was remarkably static, which has implications for 

the way we view stable versus changing vulnerability factors in a period of active normative 

and pathological development. Additionally, these findings may impact the way we interpret 

findings in the context of leading neurodevelopmental (20,44) and disconnectivity 

conceptualizations of psychosis (18). Finally, lGI is a potential early biomarker of risk, 

distinguishing CHR, psychosis converters, and FEP from healthy controls (15–16,30–32). In 

this regard, CSM gyrification metrics may have added value when combined with gray 

matter and white matter changes over adolescence in identifying risk and predicting 

conversion with techniques like machine learning classification. Additionally, connectomics 

across metrics of gyrification may refine prediction and individualization of treatment (39).

Altogether, it is particularly interesting that areas that develop earlier (i.e., visual and parietal 

regions) showed aberrant curvature and sulcal depth, while lGI clusters tended towards later 

developing regions (i.e., frontal lobe and temporal areas). This distinction may be driven by 

the content of the metrics, as both sulcal depth and MCI exclusively measure gray matter 

surface features, while lGI measures is also sensitive to the white matter surface. Therefore, 

it is possible that our findings in the parietal lobule are reflective of abnormal brain 

development and connectivity in utero, while the broader regions implicated by lGI may be 

also picking up on aberrant white matter surface features that occurred later in development 

(myelination). However, it will be important for future larger longitudinal studies with more 

developmental times points, to confirm this possibility. Further, it will be important for 

future studies to consider how these features contribute uniquely to behavioral and cognitive 

aspects of psychosis. Additionally, future research should examine measures of prenatal 

environment as it relates to CSM features such as substance use, measures of stress, parental 

education, parental socioeconomic status, urbanicity (47), obstetric complications, or 

neurological soft signs such as motor impairment may relate to CSM features (48). It is also 

important to examine the relationship between gyrification and potentially related metrics 

such as connectivity and cortical gray matter and white matter volumetrics. Collectively, the 

findings, indicating substantives novel contributions from each index, support a 

recommendation that all future studies of CSM features include multiple indices. 

Furthermore, it will be necessary to investigate conversion longitudinally in separate 

investigations as this could be an informative empirical question to psychosis and cortical 

morphology broadly.

This study shows great promise but there are also still important limitations to consider. 

While the present study sample is comparable to, or larger than, other longitudinal studies 

(17–37 people;15–16,30,49–52), future work could benefit from increased sample sizes. 

Notably, this represents one of the largest studies in a CHR population to include two scan 

time points (15–16,30). Additionally, moving forward it will be important to understand the 

relationship between CSM features and antipsychotic medication use. While some CSM 

features, i.e. gray matter volume, are sensitive to antipsychotic medication (53–58), it 

remains unclear if gyrification is stable across treatment. The present study only included a 
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small number of the CHR participants treated with antipsychotic medications (n=8) and did 

not find a significant effect of medication. Nonetheless, the influence of neuroleptic 

treatment on cortical and subcortical structure remains an important empirical question and 

future work, with better powered studies, should continue to evaluate medication effects of 

CSM features. Further, the present study included an uneven gender distribution between 

groups (in part reflecting the nature of psychosis), and while we did not detect any effects 

for sex, future work should carefully evaluate possible sex differences.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Clinical High Risk > Healthy Controls - local Gyrification Index
Right Hemisphere (first panel top) Left Hemisphere FDR (first panel bottom) - FDR 

corrected p<0.05; Peak clusters are highlighted in the second panel (group statistical image 

left) to demonstrate how each feature varies between the CHR (group average in blue lower 

center) and HC (group average upper center in gray), which were then overlaid to highlight 

the surface differences.
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Figure 2. Clinical High Risk > Healthy Controls – Mean Curvature Index (MCI)
Right Hemisphere (first panel top) Left Hemisphere FDR (first panel bottom) - FDR 

corrected p<0.05; Peak clusters are highlighted in the second panel (group statistical image 

left) to demonstrate how each feature varies between the CHR (group average in blue lower 

center) and HC (group average upper center in gray), which were then overlaid to highlight 

the surface differences.
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Figure 3. Clinical High Risk > Healthy Controls – Sulcal Depth
Right Hemisphere (first panel top) Left Hemisphere FDR (first panel bottom) - FDR 

corrected p<0.05; Peak clusters are highlighted in the second panel (group statistical image 

left) to demonstrate how each feature varies between the CHR (group average in blue lower 

center) and HC (group average upper center in gray), which were then overlaid to highlight 

the surface differences.
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Figure 4. Overlap of Significance Clusters
Local Gyrification Index - lGI (blue), Mean Curvature Index -MCI (yellow), and Sulcal 

Depth (red)
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Table 1

Review of Psychosis Literature on Gyrificaiton CSM

Author N Population Metric Findings

Harris et al., 2004a (15) 128 GHR Gyrification Index Related to Conversion

Harris et al., 2007 (30) 34 FEP Gyrification Index Abnormal at First Episode of psychosis

Kulynych et al., 1997 (12) 9 SZ Gyrification Index Found frontal hypergyrification

Sasabayashi et al., 2017 (31) 104 CHR lGI Related to Conversion

Sasabayashi et al., 2017 (32) 62 FEP lGI Abnormal at First Episode of psychosis

Bakker et al., 2016 (37) 36 CHR n=18 lGI Related to the 22q11-deletion

22q11-deletion n=18

Mihailov et al., 2017 (56) 71 22q11-deletion lGI Related to the 22q11-deletion

deWit et al., 2017 (54) 24 CHR lGI Related to clinical severity at follow-up

Palaniyappan et al., 2011 (14) 57 SZ lGI Found frontal hypogyrification

Takahashi et al., 2013 (22) 64 FEP Sulcal Depth Related to deficits in executive function

Csernansky et al., 2008 (42) 33 SZ Sulcal Depth Found asymmetric sulcal depth in temporal lobes
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