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Background: Cognitive impairment is a core feature of schizophrenia that is more

serious in patients with early-onset schizophrenia (EOS). However, the neuroimaging

basis of cognitive functions, including neurocognition and social cognition, remains

unclear in patients with EOS.

Methods: Forty-three patients with EOS underwent structural and resting state

functional magnetic resonance imaging scans. Brain structure and function were

evaluated through the analysis of brain gray matter volume (GMV) and amplitude of

low-frequency fluctuations (ALFF). They underwent comprehensive assessments for

neurocognition (verbal memory, verbal expression, attention, and executive function)

and social cognition (theory of mind and attributional bias). Correlation analyses were

conducted to detect the potential link between cognitive function indices and brain

imaging parameters.

Results: First, neurocognition was linked to brain structure characterized by higher

immediate recall scores associated with increased GMV in the left temporal pole, higher

verbal fluency scores associated with increased GMV in the left temporal pole: middle

temporal gyrus, and higher Stroop-word scores associated with increased GMV in

the right middle frontal gyrus. Second, social cognition was related to brain function

characterized by lower sense of reality scores associated with increased ALFF in the

left precentral gyrus, higher scores of accidental hostility bias associated with increased

ALFF in the right middle temporal gyrus, and higher scores of accidental aggression bias

associated with increased ALFF in the left precentral gyrus.

Conclusion: These findings may add to the existing knowledge about the cognitive

function-brain relationship. They may have clinical significance for studying the

mechanism of neurocognitive and social cognitive impairment in patients with EOS and

providing potential neural targets for their treatment and intervention.
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frequency fluctuation
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INTRODUCTION

Schizophrenia is a chronic and declining psychiatric disorder
that affects nearly 1% of the world’s population, and commonly
occurs in late adolescence or early adulthood (1). Approximately
11% of patients had onset of schizophrenia before the age of
18 (2), which is defined as early-onset schizophrenia (EOS) (3).
Compared with adult-onset schizophrenia, adolescents with
EOS have significantly worse symptoms and social outcomes
characterized by a chronic illness course, insidious onset,
and long treatment delays (4, 5). Cognitive dysfunction is
a core feature of schizophrenia and can predict functional
outcomes (6, 7). Furthermore, after standard treatment with
antipsychotic drugs, the cognitive function of patients with
schizophrenia cannot be completely improved and may
require adjuvant treatments (8, 9). The refractoriness of
antipsychotics may be closely related to the early onset of
psychotic symptoms. Data from a prospective trial have shown
that EOS is more likely to be refractory than adult-onset
schizophrenia and have more severe cognitive impairment
(10). The results of a longitudinal study have indicated a
neurodevelopmental pathway of EOS with subnormal cognitive
development specific to adolescence (11). Therefore, a full
understanding of the neurobiological basis of cognitive
impairment in patients with EOS may have important
clinical significance.

In the past, many efforts have been made to explore the
mechanisms of cognitive impairment in schizophrenia. It has
been reported that cognitive dysfunction in schizophrenia
can be improved by stimulating the glycine regulatory
site of the N-methyl-d-aspartate-type glutamate receptor
(12, 13). Fachim et al. further pointed out that changes in
GRIN2B promoter methylation may lead to glutamatergic
dysfunction in psychosis and are related to reduced cognitive
performance in patients with first-episode schizophrenia
(14). Data from electroencephalogram studies revealed
that sleep spindle deficits in patients with schizophrenia
can predict lower cognitive performance; this includes
patients with EOS (15). A previous study suggested that
sleep spindle deficits may be caused by dysfunction of the
thalamic cortical network (16). A neuroimaging study using
diffusion tensor imaging and tractography methods also
found that lower fractional anisotropy of the left inferior
fronto-occipital fasciculus and left inferior longitudinal
fasciculus can predict worse neurocognitive performance

Abbreviations: AIHQ, Ambiguous Intentions Hostility Questionnaire; ALFF,

amplitude of low-frequency fluctuation; AVLT, auditory verbal learning test;

BOLD, blood-oxygen-level-dependent; DARTEL, diffeomorphic anatomical

registration through the exponentiated lie algebra; DPABI, Data Processing &

Analysis for Brain Imaging; EOS, early onset schizophrenia; FA, flip angle; FD,

frame-wise displacement; FOV, field of view; FWE, family wise error; GMV,

gray matter volume; MFG, middle frontal gyrus; MNI, Montreal Neurological

Institute; MRI, magnetic resonance imaging; MTG, middle temporal gyrus; Pr,

partial correlation coefficient; ROI, region of interest; rTPJ, right temporoparietal

junction; SD, standard deviation; TE, echo time; TIV, total intracranial volume;

TP, temporal pole; TR, repetition time; VBM, voxel-based morphometry; VFT,

verbal fluency test.

in EOS (17). Although these findings contribute to the
understanding of the mechanism of cognitive impairment
in EOS, the complex association between them still needs
further elucidation.

A safe, non-invasive, and easily reproducible neuroimaging
approach has been provided for in vivo human brain exploration
through advances in magnetic resonance imaging (MRI)
techniques (18, 19). Voxel-based morphometry (VBM) can be
used to analyze the gray matter volume (GMV) in structural

MRI (20). The amplitude of low-frequency fluctuation (ALFF)
measures the low-frequency oscillation intensity of blood-

oxygen-level-dependent (BOLD) time courses in resting-state
functional MRI and reflects local neural activity strength (21).
Using these methods, some studies have revealed changes in

brain structure and function in patients with EOS (22–24).
Nevertheless, there is a paucity of structural and functional
MRI studies exploring the neural mechanisms of cognitive

impairment in patients with EOS. Only a few related studies have
reported that the pathophysiological mechanism of widespread
cognitive impairment in EOS may be linked to abnormal
changes in the GMV (25). For example, Kadriu et al. found
that the development of early cognitive deficits in EOS may
occur either concomitantly or closely with changes in the
hippocampal volume (26). Shi et al. indicated that structural
changes and disturbed resting-state functional connectivity
in the core empathy network may correlate with the social
cognitive deficits in patients with EOS (27). However, these
previous studies have been largely limited to a portion of the
cognitive functions of patients; they have paid less attention
to the global cognitive functions, including neurocognition and
social cognition.

A growing body of research showed that cognitive impairment
in schizophrenia involves two dimensions: neurocognition and
social cognition. Similar to adult-onset cases, EOS patients
had neurocognitive and social cognitive impairments (28).
Neurocognition is the basic function of the central nervous
system, which includes attention and working memory,
verbal memory, executive function, thought disorder, and
processing speed. Social cognition refers to the ability
to recognize and explain the emotions or intentions of
others, and the ability to use these social signals to guide
conclusions or behaviors, including theory of mind, attribution
bias, emotional processing, social knowledge, and social
perception (29–32). These dimensions are different but highly
correlated (33). Bell et al. suggested that neurocognition
leads to different rehabilitation outcomes by affecting social
cognition (30).

In this study, neuropsychological tools were used to evaluate
the neurocognitive and social cognitive functions of patients
with EOS. These included verbal memory and expression,
attention and executive function, theory of mind, and attribution
bias. VBM and ALFF analyses were used to measure brain
structure and function. The associations between global cognitive
functions and brain regions in patients with EOS at the level
of brain GMV and local neural activity were explored through
correlation analyses.
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MATERIALS AND METHODS

Participants
This study consisted of 43 Chinese Han, right-handed patients
with EOS within a restricted age range of 13–18 years. All
patients were recruited consecutively from the Department of
Child and Adolescent Mental Disorder, Affiliated Psychological
Hospital of Anhui Medical University, Hefei. According to
the International Classification of Diseases criteria, two well-
trained clinical psychiatrists confirmed patients’ diagnosis of
EOS. The study’s exclusion criteria were as follows: (1) the
presence of other psychiatric disorders such as intellectual
disability, bipolar disorder, substance-induced mood disorder,
anxiety disorder, substance abuse or dependence; (2) a history of
significant neurological or physical diseases; and (3) pregnancy
or any contraindications for MRI. After a training to ensure
consistent methodology of rating, two investigators completed
the questionnaire assessment of patients. This study was
approved by the Ethics Committee of the Affiliated Psychological
Hospital of Anhui Medical University. After a complete
description of the study was provided, all participants’ legal
guardians gave written informed consent. The demographic data
of the participants are listed in Table 1 and behavioral outcomes
of the cognitive tests are listed in Supplementary Table 1.

Cognition Assessment
Neurocognition Assessment
The auditory verbal learning test (AVLT) was performed to
evaluate verbal memory function, which included four indices
such as immediate recall, short-term delayed recall, long-term
delayed recall, and long-term delayed recognition (34). The test
contains two different learning materials, each with 15 common
Chinese vocabulary items. Participants would score one point
for each correct recall of a word. In the immediate recall test,
participants listened to the first set of words five times and
recalled the words they heard within 2min after each listening.
Investigators recorded the score each time and calculated the
average score as “immediate recall.” Then, participants listened to
the second set of words and immediately recalled it within 2min
after listening. After that, participants were asked to recall the

TABLE 1 | Demographic characteristics.

Characteristics Mean ± SD Range

Sex (female/male) 15/28 –

Age (years) 16.63 ± 1.36 13–18

Education (years) 10.37 ± 1.51 7–12

FD (mm) 0.13 ± 0.07 0.04–0.35

TIV (cm3 ) 1401.54 ± 108.84 1186.71–1629.88

Chlorpromazine equivalent doses 389.21 ± 99.93 115.74–528.17

Course of disease (months) 18.77 ± 14.92 2–51

The age of onset of schizophrenia

(years)

15.07 ± 4.56 12–18

SD, standard deviation; FD, frame-wise displacement; TIV, total intracranial volume.

first set of words, and investigators recorded the scores as “short-
term delayed recall.” Thirty minutes after the fifth listening
session, participants needed to recall the first set of words again,
and the scores were noted as the “long-term delayed recall.”
Finally, participants were asked to listen to a 50-word vocabulary
consisting of the first set of words, the second set of words and
other interference words, and recognized the words in the first
set. The score recognized successfully was used as an index of
“long-term delayed recognition.”

The verbal fluency test (VFT) was used to assess verbal
expression (35). Each participant had to list as many names
as possible of household appliances, animals, and fruits within
1min, respectively. Participants would score one point for each
name. The investigators recorded the total scores as an index of
verbal expression performance.

Attention was evaluated using the digit span tasks (36). The
tasks consisted of two indices such as digit span forward and digit
span backward. Span is defined as themaximum number of digits
repeated by the participant. All participants completed a digit
span forward task followed by a digit-span backward task. The
former begins with a series of two digits orally presented to each
participant, continuing to a maximum of 13 digits. Participants
were asked to repeat the digits verbally. There were two trials per
digit series. All participants began with the first digit series (i.e.,
two digits). If repeated correctly, the participant continued to
the next one; otherwise, the second trial was performed with the
same digit series. The task was discontinued when the participant
failed in the second trial. The digit span backward task followed
the same procedure, except that participants verbally repeated the
digits in reverse order.

The Stroop color word test reflects executive function (37).
There were three indices including Stroop-dot, Stroop-word and
Stroop-color word in the test. The test materials consisted of
three types of cards: A (dot), B (word), and C (color word). Card
A had red, green, yellow, and blue dots arranged in a certain order
in a 4×4 manner, and card B had four Chinese words (namely
“Yin,” “Zou,” “Wen,” “Sheng”) with four colors of red, green,
yellow, and blue arranged in the same order. Card C had four
Chinese words (namely “red,” “green,” “yellow,” “blue”) with four
colors of red, green, yellow, and blue arranged in the order of card
A. The participants were asked to quickly read the color of the
dots or Chinese words on the cards. The time taken to read each
card was used as an index of executive function performance.

Social Cognition Assessment
The Theory of Mind Picture-Sequencing Task was performed
to assess the ability of mentalization (38) through six stories.
Each story consisted of four pictures, accompanied by 2∼6
questions. Participants composed a story with four pictures in
a certain logical order and then answered questions from the
investigators. Participants would get two points, respectively for
the first and last pictures sequenced correctly of each story and
get one point, respectively for the two pictures in the middle of
each story. At the same time, one point would be awarded for
each correct answer. These questions assessed the participants’
ability to understand the mental state of the characters in the
story, including primary beliefs, primary false beliefs, secondary

Frontiers in Psychiatry | www.frontiersin.org 3 February 2022 | Volume 13 | Article 798105

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Guo et al. Cognition-Brain Relations in EOS

beliefs, secondary false beliefs, tertiary false beliefs, sense of
reality, understanding reciprocity, understanding deception, and
detecting deception. Adding the total score, there were ten
indices extracted from the test. The maximum score was 59. The
scores were used as indices of mentalizing ability.

The Ambiguous Intentions Hostility Questionnaire (AIHQ)
was used to evaluate attribution bias (39). The Chinese version
of AIHQ is composed of three types of hypothetical scenarios
describing the characters’ behaviors: intentional (five vignettes),
ambiguous (five vignettes), or accidental (five vignettes). After
reading each vignette, participants were asked to imagine the
scenario happening to them (e.g., “You walk past a bunch
of teenagers at a mall and you hear them start to laugh”),
and to write down why the other person (or persons) treated
you this way. Two independent investigators subsequently
rated this written response for the purpose of computing a
“hostility index.” Then, the participants rated, on Likert scales,
whether the other person (or persons) performed the action
on purpose (1 “definitely no” to 6 “definitely yes”), how angry
it would make them feel (1 “not at all angry” to 5 “very
angry”), and how much they would blame the other person
(or persons) (1 “not at all” to 5 “very much”). Investigators
calculated the average score of these three items as the “blame
index.” Finally, the participants were asked to write down how
they would respond to the situation, which was later rated
by two independent investigators to compute an “aggression
index.” For the hostility and aggression indices, two investigators
independently evaluated each participant’s reaction on 5-point
Likert scales based on examples of high and low scores. The scales
for the hostility and aggression indices were from 1 (“not at all
hostile”) to 5 (“very hostile”), and 1 (“not at all aggressive”) to
5 (“very aggressive”), respectively. The hostility bias, blame bias,
and aggression bias scores for each scenario type were averaged
after being added up, respectively. Furthermore, the total scores
for each bias in the three types of scenarios were added up as the
total scores of hostility bias, total scores of blame bias, and total
scores of aggression bias. On the whole, there were 12 indices
extracted from the test. Higher scores indicated a more negative
attribution bias.

MRI Data Acquisition
MRI scans were obtained using a 3.0-TeslaMR system (Discovery
MR750w, General Electric, Milwaukee, WI, USA) with a 24-
channel head coil. Earplugs were used to reduce scanner
noise, and tight but comfortable foam padding was used to
minimize head motion. Before the scanning, all participants were
instructed to keep their eyes closed, think of nothing in particular,
move as little as possible, and relax but not fall asleep during the
scans. High-resolution 3D T1-weighted structural images were
acquired by employing a brain volume (BRAVO) sequence with
the following parameters: repetition time (TR) = 8.5ms; echo
time (TE) = 3.2ms; inversion time = 450ms; flip angle (FA) =
12◦; field of view (FOV) = 256mm × 256mm; matrix size =

256 × 256; slice thickness = 1mm, no gap; voxel size = 1mm
× 1mm × 1mm; 188 sagittal slices. Resting-state BOLD fMRI
data were acquired using a gradient-echo single-shot echo planar
imaging (GRE-SS-EPI) sequence with the following parameters:

TR = 2,000ms; TE = 30ms; FA= 90◦; FOV = 220mm ×

220mm; matrix size = 64 × 64; slice thickness = 3mm, slice
gap = 1mm; 35 interleaved axial slices; voxel size = 3mm ×

3mm × 3mm; 185 volumes. After the scanning, all images were
visually inspected to ensure that only images without visible
artifacts, lesions, and regional deformations were included in
subsequent analyses.

Gray Matter Volume Analysis
The 3D T1-weighted structural images were processed using
the VBM8 toolbox (http://dbm.neuro.uni-jena.de/vbm.html)
implemented in the Statistical Parametric Mapping software
(SPM8, http://www.fil.ion. ucl.ac.uk/spm). First, all the structural
images were segmented into gray matter, white matter,
and cerebrospinal fluid density maps using the standard
segmentation model. After an initial affine registration of the
gray matter density map into the Montreal Neurological Institute
(MNI) space, the gray matter density images were non-linearly
warped using the diffeomorphic anatomical registration through
the exponentiated lie algebra (DARTEL) technique (40). They
were then resampled to a voxel size of 1.5mm × 1.5mm ×

1.5mm. The GMV map was obtained by multiplying the gray
matter density map by the non-linear determinants derived from
the spatial normalization step. Finally, the resultant GMV images
were smoothed with a Gaussian kernel of 8mm× 8mm× 8mm
full-width at half maximum.

ALFF Analysis
Resting-state BOLD data were preprocessed using SPM12 (http://
www.fil.ion.ucl.ac.uk/spm) and Data Processing & Analysis for
Brain Imaging (DPABI, http://rfmri.org/ dpabi) (41). The first ten
volumes for each participant were discarded to allow the signal to
reach equilibrium and the participants to adapt to the scanning
noise. The remaining volumes were corrected for the acquisition
time delay between slices. Then, realignment was performed
to correct the motion between the time points. Head motion
parameters were computed by estimating the translation in each
direction and the angular rotation on each axis for each volume.
All participants’ BOLD data were within the defined motion
thresholds (i.e., translational or rotational motion parameters
<2mm or 2◦, respectively). The frame-wise displacement (FD),
which indexes the volume-to-volume changes in the head
position, was also calculated. Several nuisance covariates (the
linear drift, estimated motion parameters based on the Friston-
24 model, spike volumes with FD > 0.5, white matter signal, and
cerebrospinal fluid signal) were regressed out from the data. In
the normalization step, individual structural images were first
co-registered with the mean functional image; thereafter, the
transformed structural images were segmented and normalized
to theMNI space using the diffeomorphic anatomical registration
through the exponentiated lie algebra (DARTEL) technique (40).
Finally, each functional volume was spatially normalized to the
MNI space using the deformation parameters estimated during
the above step and resampled into a 3mm cubic voxel. After
spatial normalization, all data sets were smoothed with a 6mm
full-width at half maximum Gaussian kernel.
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ALFF analysis was conducted using DPABI software (http://
rfmri.org/ dpabi). After preprocessing, each voxel’s BOLD time
course was filtered (bandpass, 0.01–0.1Hz) to remove the effects
of very-low-frequency drift and high frequency noise, e.g.,
respiratory and heart rhythms. The fast Fourier transform with
default parameters from DPABI was used to transform the
filtered BOLD time course of each voxel into frequency domain
and the power spectrum was then obtained. Because the power of
a given frequency is proportional to the square of the amplitude
of this frequency component of the original BOLD time course in
the time domain, the square root was calculated at each frequency
of the power spectrum at each voxel. The averaged squared root
was obtained across 0.01–0.1Hz, which was defined as the ALFF
value. Finally, the ALFF value of each voxel was divided by the
global mean ALFF value for standardization.

Statistical Analysis
The statistical descriptive analyses of demographic and
behavioral data were conducted using the SPSS software
(version 23.0; SPSS, Chicago, IL, USA). This study examined
the relationship between cognitive function indices and brain
imaging parameters in a voxel-wise manner within the whole
gray matter in EOS patients. The general linear model in
Statistical Parametric Mapping software (SPM12, http://www.
fil.ion.ucl.ac.uk/spm) with a multiple regression design was
used to identify any voxels in the GMV and ALFF maps that
showed a significant association with the behavioral outcomes
while controlling for age, sex, and years of education. Total
intracranial volume (TIV) and FD were additional covariates
for the GMV and ALFF analyses, respectively. The resulting
maps were thresholded at an uncorrected voxelwise level of p <

0.001, and then considered significant at p < 0.05 cluster-level
family wise error (FWE)-corrected for multiple comparisons.
For each subject, the GMV and ALFF values of each cluster
with a significant correlation with behavioral outcomes were
extracted by the RESTplus software (http://www.restfmri.net),
and then used for region of interest (ROI)-based analyses that
refers to the partial correlation analyses performed in SPSS while
controlling the above covariates (Supplementary Tables 2, 3).
To ensure the robustness of the findings, this study repeated
the ROI-based partial correlation analyses after removing the
outliers of outcomes (GMA and ALFF values, and behavioral
outcomes) greater than mean + 3 × standard deviation (SD)
or smaller than mean – 3 × SD. No corrections for multiple
testing were conducted, as the objective for this study was to
generate some hypotheses for further testing and confirmation
in a larger sample.

Sensitivity Analysis
First, a previous study revealed the effect of antipsychotic drugs
on brain structure and function (42). To test the possible effect
of antipsychotic drugs on our results, chlorpromazine equivalent
doses for antipsychotics were included as an additional nuisance
covariate with repetition in the ROI-based partial correlation
analyses (43). Second, the age of onset of schizophrenia might
affect GMV and ALFF, so the ROI-based partial correlation

analyses were repeated while adding this variable as an additional
nuisance covariate.

RESULTS

Correlations Between Neurocognition and
GMV
In the voxel-wise whole gray matter analysis, the significant
correlations between neurocognition and GMV are shown
in Figure 1 (cluster-level P < 0.05, FWE corrected). After
adjustment for age, sex, years of education, TIV, and outliers,
significant positive correlations were found between the AVLT-
immediate recall and GMV in the left temporal pole (TP) (cluster
size: 1,602 voxels, peak MNI coordinate x/y/z: −39/4.5/-30, peak
T: 4.872, partial correlation coefficient [pr]: 0.626, P < 0.001);
positive correlations between the VFT and GMV in the left
TP: middle temporal gyrus (cluster size: 762 voxels, peak MNI
coordinate x/y/z: −46.5/12/-30, peak T: 5.319, pr: 0.635, P <

0.001); and positive correlations between the Stroop-word and
GMV in the right middle frontal gyrus (MFG) (cluster size: 1,289
voxels, peak MNI coordinate x/y/z: 40.5/22.5/42, peak T: 4.951,
pr: 0.472, P = 0.003). No significant correlations were observed
between neurocognition and ALFF.

Correlations Between Social Cognition and
ALFF
In the ALFF analysis, the significant correlations between social
cognition and ALFF are shown in Figure 2 (cluster-level P <

0.05, FWE corrected). After accounting for age, sex, years of
education, FD, and outliers, the Theory of Mind-sense of reality
showed significant negative correlations with ALFF in the left
precentral gyrus (cluster size: 67 voxels, peak MNI coordinate
x/y/z: −21/-24/66, peak T: −5.973, pr: −0.433, P = 0.007). The
accidental hostility bias exhibited significant positive correlations
with ALFF in the right middle temporal gyrus (MTG) (cluster
size: 51 voxels, peak MNI coordinate x/y/z: 54/-36/-9, peak T:
6.187, pr: 0.380, P = 0.022). There were significant positive
correlations between the accidental aggression bias and ALFF
in the left precentral gyrus (cluster size: 51 voxels, peak MNI
coordinate x/y/z: −30/-24/45, peak T: 5.854, pr: 0.377, P =

0.021). No significant correlations were observed between social
cognition and GMV.

Sensitivity Analysis
First, after considering the influence of antipsychotics,
the correlations between cognitive function indices and
brain imaging parameters had slight changes in p values,
but the main brain regions in the results had survived
(Supplementary Tables 4, 5). Second, the correlations between
cognitive function indices and brain imaging parameters
remained unchanged after additionally adjusting for the age
of onset of schizophrenia (Supplementary Tables 6, 7). These
suggest that antipsychotics and the age of onset of schizophrenia
did not influence the main results of this study.
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FIGURE 1 | Correlation between neurocognition and GMV. The left figure in (A–C) is voxel-based and the right is ROI-based. (A) Correlation between GMV in the left

TP and AVLT-immediate recall. (B) Correlation between GMV in the left TPOmid and VFT. (C) Correlation between GMV in the right MFG and stroop-word. GMV, gray

matter volume; ROI, region of interest; TP, temporal pole; AVLT, auditory verbal learning test; TPOmid, temporal pole: middle temporal gyrus; VFT, verbal fluency test;

MFG, middle frontal gyrus; pr, partial correlation coefficient; L, left; R, right.

DISCUSSION

Using structural and resting-state functional MRI, we explored

the relationships between neurocognitive function, social

cognitive function, and brain imaging parameters in patients

with EOS. There were two main findings in this study. The
first was the relationship between neurocognitive function and

brain structure. Higher language functions of verbal memory

and expression were associated with increased GMV in the
TP. Meanwhile, higher executive function was associated with

increased GMV in the MFG. The second was the relationship
between social cognitive function and brain function. This was
characterized by lower theory of mind ability associated with
increased ALFF in the precentral gyrus and more negative
attribution bias with increased ALFF in the precentral gyrus,
and MTG.

Previous studies have used VBM and ALFF methods to
investigate changes in GMV and local neural activity in patients
with schizophrenia (44–48). The TP, MFG, and MTG are the
common brain areas consistently reported in previous studies
and the current study. For instance, compared with healthy
participants, some studies found that patients with schizophrenia
demonstrate decreased GMV in the MFG and paralimbic system
(including the orbitofrontal cortex, insular cortex, and TP) (44,
45). Li et al. found differences in the variability of dynamic
ALFF between EOS patients and healthy controls in the bilateral
precuneus, right superior marginal gyrus, right postcentral gyrus,
and right MTG (48). However, the investigators focused solely
on distinguishing this disease and paid no attention to changes
in the global cognitive function of patients. We speculate that
not only do EOS patients have altered GMV or local nerve
activity in the common regions, but these alterations may also
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FIGURE 2 | Correlation between social cognition and ALFF. The left figure in (A–C) is voxel-based and the right is ROI-based. (A) Correlation between ALFF in the left

precentral gyrus and TOM-sense of reality. (B) Correlation between ALFF in the right MTG and AIHQ-AcHB. (C) Correlation between ALFF in the left precentral gyrus

and AIHQ-AcAB. ALFF, amplitude of low-frequency fluctuation; ROI, region of interest; TOM, theory of mind; AIHQ, ambiguous intentions hostility questionnaire;

AcHB, accidental hostility bias; MTG, middle temporal gyrus; AcAB, accidental aggression bias; pr, partial correlation coefficient; L, left; R, right.

affect neurocognitive and social cognitive functions. There are
some inconsistent findings between the current and previous
studies. The differences across studies may be linked to patient
characteristics (subtype of schizophrenia, age of onset, and course
of disease), brain imaging methods (GMV, ALFF, and dynamic
ALFF), and sample sizes.

The TP is the most rostral part of the temporal lobe, and its
complex structure has been associated with a variety of advanced
cognitive functions, including autobiographic memory (49–51),
semantic memory (52, 53), generation of false memories (54),
face processing (55) and processing of emotional understanding
(56, 57). The “semantic hub” theory is one important theory
about TP function, which considers the TP as a domain-
general hub integrating semantic information from different
modalities into a coherent representation (58, 59). Pehrs et
al. showed that the TP plays a role in the integration of
various semantic information and top-down modulation in the

ventral visual stream (57). In patients with Alzheimer’s disease,
impaired semantic performance was associated with decreased
GMV in the TP (60). Similarly, impaired semantic memory
was also found in patients with epileptogenic lesions at the
left TP (61). Consistent with these prior findings, a correlation
between the TP and language function in EOS patients was
found in this study. This suggests that damage to the TP may
be a shared underlying neural mechanism leading to language
dysfunction in a variety of neuropsychiatric diseases. The MFG
is considered to be a component of the central executive network
and involves processing of working memory information and
the judgment and decision of goal-oriented behaviors (62–64).
There is neuropsychological evidence that executive functions
of schizophrenia, such as working memory and planning, are
impaired (65), as well as neuroimaging evidence that specific
deficits in an executive function known as goal maintenance in
patients with schizophrenia are associated with reduced MFG

Frontiers in Psychiatry | www.frontiersin.org 7 February 2022 | Volume 13 | Article 798105

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Guo et al. Cognition-Brain Relations in EOS

activity (66). Collectively, these prior findings, coupled with
the results of this study, suggest that MFG dysfunction may
serve as the basis of executive function deficits in patients with
schizophrenia, including EOS.

One interesting aspect of the results of this study was
the negative correlation between social cognitive performance
and local neural activity in the precentral gyrus and MTG
in patients with EOS. The precentral gyrus is considered to
be the core area of the mirror-neuron system and plays a
fundamental role in both action understanding and imitation
(67), associated with the realization of a variety of social cognitive
functions (68, 69). Previous studies found that the aberrant
connectivity of the mirror neuron system network may be
linked to social dysfunction in patients with schizophrenia,
and this aberrant connectivity might even exist in the early
stages of psychosis (70, 71). Together with our data, it is
reasonable to assume that functional deficits of the precentral
gyrus may be a neural characteristic of the impaired social
cognition in EOS patients. The MTG plays a vital role in
social cognition, semantic processing, auditory processing, action
observation and language (72). Increasing number of studies
have reported that the MTG is also an important component
of the Theory of Mind network. For example, Schurz et al.
found significant activation in the MTG during the tasks of
social animations, mind in the eyes, and rational actions (73).
Another study reported that, compared with false beliefs, social
animations showed the strongest activation in the MTG (74).
In patients with schizophrenia, a diffusion-weighted MRI study
reported an increased trace in the right MTG and a correlation
between trace and decreased social cognition (75). Taken
together, our results support the idea that MTG dysfunction
serves as the substrate underlying impaired social cognition in
the EOS.

There are some limitations that should be noted in this study.
First, healthy controls were not included in this study. Although
our results are similar to those of previous controlled studies
with healthy controls, future investigations are warranted to
further strengthen our findings more rigorously and accurately
by enrolling a sample of subjects with EOS and healthy
adolescents. Second, causal relationships cannot be inferred
from this cross-sectional design. Longitudinal studies with
interventions targeting the improvement of cognitive function
in EOS are required to establish the direction of causality.
Third, the patients were receiving antipsychotic medication that
may have influenced the interpretation of results. Although
the main results remained after adjusting for antipsychotic
dose equivalents, the medication effect could not be completely
eliminated (43). Future studies with medication-naïve first-
episode patients with EOS are needed to validate the preliminary
findings of this study. Fourth, other indices (e.g., processing
speed and emotional processing) would need to be analyzed
to further clarify the cognitive function-brain relationship in
the EOS. Finally, the results of this study were not corrected
for multiple comparisons, because the results might not survive
correction, likely due to the small sample size. However, our
analyses were important for future hypothesis generation. Future
studies are required to further expand the sample size and

conduct the correction for multiple comparisons to make the
results more reliable.

In conclusion, the present study is the first to explore the
association between global cognitive function and the brain in
patients with EOS. The observed relationships of neurocognition
with GMV and social cognition with ALFF may help to
expand the existing knowledge about the cognitive function-
brain relationship in EOS. To some extent, this disassociation
between anatomy and function also supports that neurocognition
is the basic cognitive function that affects the ability of daily
living, and social cognition, which is a more advanced cognitive
function, can better predict social outcome (29). More broadly,
these findings may have clinical significance for studying the
neurological mechanism of cognitive impairment in patients with
EOS and provide potential neural targets for their treatment
and intervention.
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