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Negative symptoms play an important role in development and treatment

of schizophrenia. However, brain changes relevant to negative symptoms

are still unclear. This study examined brain structural abnormalities and

their asymmetry in schizophrenia patients and the association with negative

symptoms. Fifty-nine schizophrenia patients and 66 healthy controls

undertook structural brain scans. Schizophrenia patients were further divided

into predominant negative symptoms (PNS, n = 18) and non-PNS (n = 34)

subgroups. Negative symptoms were assessed by the Negative Symptom

Assessment (NSA). T1-weighted images were preprocessed with FreeSurfer

to estimate subcortical volumes, cortical thickness and surface areas,

asymmetry Index (AI) was then calculated. MANOVA was performed for group

di�erences while partial correlations in patients were analyzed between

altered brain structures and negative symptoms. Compared to healthy

controls, schizophrenia patients exhibited thinner cortices in frontal and

temporal regions, and decreased leftward asymmetry of superior temporal

gyrus (STG) in cortical thickness. Patients with PNS exhibited increased

rightward asymmetry of amygdala volumes than non-PNS subgroup. In

patients, AI of cortical thickness in the STG was negatively correlated with

NSA-Emotion scores (r = −0.30, p = 0.035), while AI of amygdala volume

was negatively correlated with NSA-Communication (r = −0.30, p = 0.039)

and NSA-Total scores (r = −0.30, p = 0.038). Our findings suggested

schizophrenia patients exhibited cortical thinning and altered lateralization

of brain structures. Emotion and communication dimensions of negative

symptoms also correlated with the structural asymmetry of amygdala and

superior temporal regions in schizophrenia patients.
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Introduction

Clinically, negative symptoms contribute to poor

social functioning outcomes in schizophrenia patients and

unneglectable burden on families, society and health-care

system (1). The Positive and Negative Syndrome Scale (PANSS)

(2), Scale for the Assessment of Negative Symptoms (SANS)

(3), as well as the Negative Symptom Assessment (NSA) (4) are

commonly used for assessing negative symptoms worldwide.

The NSA was developed to overcome some of the limitations

assessing negative symptoms by the PANSS and SANS, such

as including items that measure cognitive functioning (e.g.,

abstract thinking for PANSS, attention deficit for SANS),

which are now recognized to be conceptually distinct from

negative symptoms (5). In 2005, the National Institute of Mental

Health-Measurement and Treatment Research to Improve

Cognition in Schizophrenia (NIMH-MATRICS) consensus has

agreed on five domains of negative symptoms including alogia,

asociality, anhedonia, avolition and blunted affect (6). Since

then, new assessments including the Brief Negative Symptom

Scale (BNSS) (7) and the Clinical Assessment Interview for

Negative Symptoms (CAINS) (8) have been developed and

validated in clinical studies. Although researchers are getting

aware of the importance of assessing negative symptoms in

clinical treatment, there is still lack of studies specifically

investigating brain mechanism underlying negative symptoms

in schizophrenia.

Nowadays, several neuroimaging studies have been

conducted to examine the brain structural changes in

schizophrenia. Widespread thinner cortices have been

consistently observed with regional specificity in frontal and

temporal regions (9, 10). In addition, reduced gray matter

volume (GMV) in subcortical regions has been observed in

schizophrenia (11), with large-scale meta-analyses detecting a

smaller thalamus, nucleus accumbens, and intracranial volume

(ICV) as well as larger volumes of pallidum and lateral ventricle

(12). Some studies suggested significant correlations between

brain structural changes and severity of negative symptoms in

schizophrenia patients (13, 14). Considering the heterogeneity

of clinical manifestations, researchers have also investigated the

differences between subgroups of schizophrenia patients with

and without prominent, predominant or persistent negative

symptoms (15). In line with this approach, reduction of gray

matter volume and cortical thickness in frontal and temporal

lobes have been linked to negative symptoms (16–18). An ALE

meta-analysis also suggested that reduced gray matter volume

was found in caudate and frontal lobe in schizophrenia with

persistent negative symptoms (19). Together, these findings

suggested that negative symptoms may relate to specific brain

structural changes in schizophrenia and further investigations

are necessary.

Laterality or asymmetry is an important characteristic of

human brain. Anatomically, protrusions of the right frontal

and the left occipital regions lay over the midline on an

overall hemisphere level (known as “Yakovlevian torque”)

in healthy people (20, 21). The degree of lateralization

could help us better understand structural asymmetry and

hemispheric dominance of specific brain regions. A recent

meta-analysis further reported that left hemisphere exhibited

a thicker cortex but smaller surface area relative to the right

hemisphere in general population (22). Schizophrenia has been

considered as a lateralized brain disease and studies have

reported an increased leftward laterality of striatal volume,

including pallidum, and reduced leftward laterality of thalamic

volume (11). In addition, previous studies also suggested

that abnormal asymmetry of brain volumes are related to

negative symptoms (23–25). We acknowledged some studies

examined the brain volumes/cortical thickness in patients with

prominent, predominantly, or persistent negative symptoms

and highlighted abnormalities specific to one hemisphere

such as left amygdala, left superior temporal gyrus and right

hippocampus, etc. (17, 26), however, the associations between

abnormal asymmetry in brain structural measures and different

dimensions of negative symptoms in schizophrenia is still

awaiting further investigation.

In this study, we aimed to investigate the brain structural

changes in schizophrenia patients, including subcortical

volumes, cortical thickness, surface area as well as asymmetry

of brain structural measures, by comparing patients to healthy

controls. We split patients into predominant negative symptoms

(PNS) and non-PNS subgroups to explore the difference on

brain structural changes and asymmetry. We also explored

the correlations between altered brain structural measures

and negative symptoms in the whole group of patients. Based

on prior findings, we hypothesized that (1) compared with

healthy controls, schizophrenia patients would exhibit reduced

cortical thickness in frontal and temporal regions while the

PNS subgroup would exhibit thinner cortex in frontal region

compared to the non-PNS subgroup; (2) for brain asymmetry,

schizophrenia patients, in particular the PNS subgroup, would

exhibit altered lateralization relative to their counterparts.

(3) severity of negative symptoms would correlate with brain

structural and asymmetric changes in the entire group of

schizophrenia patients.

Materials and methods

Participants

We recruited 59 clinically stable patients with schizophrenia

from Peking University Sixth Hospital, aged from 18 to 55.
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The diagnosis was ascertained by experienced psychiatrists using

the International Classification of Diseases and Related Health

Problems 10th Revision (ICD-10) (27). Healthy controls (n=66)

were recruited from the neighboring communities. The MINI-

International Neuropsychiatric Interview (M.I.N.I.) was used by

qualified psychiatrists (28) to ascertain healthy controls did not

suffer from personal or family history of psychiatric disorders.

Exclusion criteria for all participants included (a) an estimated

IQ below 70; (b) a history of head injury or neurological

disorders; (c) brain structural abnormalities; (d) a history of

substance use; (e) having contraindications for MRI scanning;

and for patients only (f) a history of transcranial magnetic

stimulation or electroconvulsive therapy in the past 12 weeks.

Patients were further split into subgroups with and without

PNS based on severity of clinical symptoms measured by the

Positive and Negative Syndrome Scale (PANSS) (2). Patients

with PNS should meet two additional criteria: (a) PANSS

negative subscale score ≥6 points over the PANSS positive

subscale; (b) fewer than 3 items with score ≥3 (mild) on the

PANSS positive subscale (19, 29). In total, 18 patients were

classified to PNS subgroup and 34 to non-PNS subgroup.

The study was approved by the Ethic Committee of Peking

University Sixth Hospital (Protocol 2014-30) and followed the

Declaration of Helsinki. Written informed consent was obtained

from all participants.

Assessment for clinical symptoms

Negative symptoms were assessed using the Chinese Version

of the NSA (4, 30, 31). The 15-item NSA comprises three

factors, namely communication, emotion and motivation. It

covers a wide range of negative symptoms and a single item was

measured for the global severity of negative symptoms based on

the interviewer’s global impression of the patients. In addition,

severity of clinical symptoms was assessed using the Chinese

version of Positive and Negative Syndrome Scale (PANSS) (28).

Acquisition and preprocessing of brain
structural images

All participants undertook a structural brain scan in a 3T

GE MR750 scanner at the Center for Neuroimaging, Peking

University Sixth Hospital, Beijing, China. For each participant,

t1-weighted images were acquired using three-dimensional fast

spoiled-gradient recalled acquisition (3D-FSPGR) in 192 sagittal

slices, with slice thickness = 1.0mm, repetition time (TR) =

6.66ms, echo time (TE)= 2.93ms, inversion time= 450ms, flip

angle= 12◦, matrix size= 256× 256mm, voxel size= 1× 1×

1mm 3, field of view (FOV) = 256mm. Participants were asked

to lie down peacefully without head motion during scanning.

The FreeSurfer imaging analysis suite (v6.0) (32, 33) was

used for cortical reconstruction and subcortical segmentation.

Each participant’s t1-weighted image was skull-stripped and

registered to the Talairach space, then segmented into white

matter/gray matter (WM/GM) tissues based on signal intensities

of local and neighboring voxels. The cortical surface of each

hemisphere was inflated to an average spherical surface to locate

both the pial surface and the WM/GM boundary. Cortical

thickness was calculated based on the gray/white boundary to

the gray/CSF boundary at each vertex on the tessellated surface

(32). Surface area was also estimated by surface deformation

procedures and surface inflation according to the surface

inflation (33). In terms of the image quality, original t1-weighted

images were first checked to exclude individuals with large

headmotion. Then, subcortical segmentation, graymatter-white

matter boundary, pial surfaces and skull-striped brain masks

were visually inspected, and if necessary, brain mask image

was manually edited to remove non-brain tissue before re-

running the surface reconstruction. Finally, cortical parcellation

was carried out (34) based on the Desikan–Killiany Atlas (35),

regional cortical thickness and surface area for 68 regions

in both hemispheres were extracted, respectively. In addition,

volumes of subcortical structures, including the putamen, the

caudate, the hippocampus, the amygdala, the thalamus, the

nucleus accumbens and the pallidum, for each hemisphere as

well as the intracranial volume (ICV) were extracted for each

participant. In the current study, structural lateralization was

defined as the ratio of the difference between the left and right

volumes to the total volume of a brain region, measured by the

Asymmetry Index (AI) for subcortical structures, reginal cortical

thickness and surface area, respectively. Similar to previous

study, the AI was calculated by the ratio of [(left–right)/(left +

right)].calculated as [(left–right)/(left + right)], consisted with

the previous study (11).

Data analysis

Data analyses were performed using SPSS v21. First, we

performed group comparison on subcortical volumes, regional

cortical thickness and surface area, as well as the AIs of

brain structural measures between patients and controls using

multivariate analysis of variance (MANOVA), taking gender,

age, years of education and ICV as covariates of no interests.

In addition, MANOVAs were also conducted between PNS and

non-PNS subgroups of schizophrenia patients to explore the

differences on subcortical volumes, regional cortical thickness

and surface area, as well as the AIs of brain structural

measures taking gender, age, years of education and ICV as

covariates. Bonferroni correction (which is p < 0.05/N, N

denotes the number of dependent variables) was applied. In

specific, threshold was set to p < 0.0035714 (0.05/14 regions)

for subcortical volumes, p < 0.000735 (0.05/68 regions) for
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cortical thickness or surface area, p < 0.007143 (0.05/7 regions)

for the AI of subcortical volumes and p < 0.0014706 (0.05/34

regions) for the AI of cortical thickness or surface area. Then,

we performed partial correlation analyses between altered brain

structural measures and severity of negative symptoms assessed

by the NSA, taking gender, age, years of education and the ICV

as covariates, significant threshold was set as p < 0.05.

Results

Demographic and clinical information

Table 1 shows the demographic and clinical information

of the healthy controls and patients with schizophrenia. Two

groups did not differ in gender proportions (p > 0.1) but

schizophrenia patients were older (p < 0.05) and less educated

(p < 0.05) than healthy controls. As shown in Table 1, the PNS

and non-PNS subgroups did not differ in age, gender and length

of education.

Group comparison between
schizophrenia and healthy controls

Compared to healthy controls, we found significant cortical

thinning in schizophrenia group, including right caudal middle

frontal, right middle temporal, right rostral middle frontal,

right superior frontal and right superior temporal regions after

Bonferroni corrections (Table 2; Figure 1). No significant group

differences were found on subcortical volume or surface area

after correction.

Regards to the brain lateralization, patients with

schizophrenia exhibited significantly increased AI of the

cortical thickness in superior temporal gyrus than healthy

controls (HC = −0.014, SCZ = 0.000, mean difference =

0.014, SE = 0.003, F = 19.28, p = 0.00002) indicating that

cortical thickness of the superior temporal gyrus in healthy

controls was rightward lateralized while patients did not show

similar pattern.

Comparison between PNS and non-PNS
subgroups of schizophrenia

We did not find significant differences on brain structural

measures between the PNS and non-PNS subgroups after

Bonferroni correction. Concerning lateralization of brain

structural measures, the PNS subgroup exhibited significantly

reduced AI of amygdala volume than the non-PNS subgroup

(PNS = −0.077, non-PNS = −0.035, mean difference = 0.031,

SE = 0.010, F = 9.038, p = 0.00427), suggesting that PNS

subgroup showed more rightward lateralization than non-

PNS subgroup.

Correlations with severity of negative
symptoms

Partial correlation analysis controlling for age, gender,

length of education and the ICV as covariates of no interests

showed that AI of the superior temporal thickness correlated

significantly and negatively with NSA-emotion scores (r =

−0.302 p = 0.035), AI of the amygdala volumes also

correlated negatively with NSA-total scores (r = −0.300 p

= 0.039) and NSA-Communication (r = −0.301 p = 0.038)

(Figure 2).

Discussion

In this study, we examined brain structural changes

in patients with schizophrenia and its correlations with

negative symptoms. We found that schizophrenia patients

exhibited widespread cortical thinning, especially in the

frontal and temporal regions of right hemisphere, and altered

lateralization of cortical thickness in the superior temporal

gyrus. Patients with PNS and non-PNS did not differ in

subcortical volumes, cortical thickness and surface area.

However, patients with PNS exhibited increased rightward

lateralization of amygdala volume compared to patients with

non-PNS. Severity of negative symptoms also correlated

with the observed brain structural changes in schizophrenia

patients, including lateralization of cortical thickness in superior

temporal gyrus and amygdala volume.

The findings of the widespread cortical thinning in frontal

and temporal regions in schizophrenia patients are consistent

with previous studies (9, 10, 36). Van Erp et al.’s meta-analysis

(2018) showed that the largest effect sizes of cortical thinning

appeared in frontal and temporal lobes. Both frontal and

temporal lobes are crucial for high-level cognitive function,

frontal lobe plays important role in executive control, emotional

and social processes (37, 38), while temporal lobe is involved

in various cognitive functions including auditory, semantic,

language and social information processing (39, 40). In patients

with schizophrenia, previous studies suggested that structural

changes in frontal and temporal lobes might be related with their

impairments in executive function, hallucination and negative

symptoms (36, 41, 42). Although previous studies indicated that

thinner cortex may correlated with more severe of negative

symptoms (10), we did not find significant correlation in our

sample. In addition, van Erp et al. (10) also found smaller

surface area in schizophrenia with a relatively small effect

size (Cohen’s d around −0.25). Considering our sample size

of schizophrenia is relatively small and Bonferroni multiple
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TABLE 1 Demographic information and clinical symptoms.

HC

(N = 66)

SZ

(N = 59)

PNS

(N = 18)

Non-PNS

(N = 34)

Gender (% female) 0.59 0.63 0.56 0.68

Age (year) 23.14± 6.96 27.42± 8.60 27.28± 9.17 26.97± 8.28

Length of education (year) 15.23± 2.24 13.66± 3.41 12.94± 3.23 13.76± 3.38

Duration of illness a (year) – 6.02± 5.54 5.40± 4.49 5.62± 4.85

Medication (chlorpromazine mg/day) b – 209.30± 217.41 260.94± 249.03 207.37± 195.55

NSA-15 total c – 38.66± 13.66 44.94± 12.74 33.53± 11.48

NSA-motivation – 18.69± 6.43 22.17± 5.32 16.26± 5.88

NSA-communication – 13.28± 6.10 15.17± 6.89 11.29± 4.39

NSA-emotion – 6.69± 2.79 7.61± 2.64 5.97± 2.76

SANS-total c – 24.36± 25.69 34.11± 30.31 19.53± 21.65

SANS affective flattening – 2.00± 1.59 2.72± 1.13 1.32± 1.51

SANS alogia – 1.53± 1.44 1.94± 1.21 1.09± 1.42

SANS avolition–apathy – 2.29± 1.56 3.06± 1.21 1.76± 1.58

SANS anhedonia–asociality – 2.67± 1.43 3.67± 0.59 2.06± 1.41

SANS attention – 0.52± 1.00 0.67± 1.08 0.41± 0.92

PANSS-total c – 59.72± 18.94 60.28± 14.94 57.59± 18.96

PANSS-positive – 13.71± 5.50 10.22± 3.02 15.24± 5.61

PANSS-negative – 17.60± 8.06 21.94± 7.24 14.21± 6.61

PANSS-general – 28.66± 8.77 28.11± 7.33 28.15± 9.11

a Eighteen patients had missing data on this measure; b Ten patients had missing data on this measure; c Seven patients had missing data on these measures.

TABLE 2 Significant group di�erences between SCZ and HC on cortical thickness.

Brain regions

(Right Hemisphere)

HC (N = 66)

M ± SE (mm)

SZ (N = 59

M ± SE (mm)

F P

Caudal middle frontal 2.727± 0.018 2.62± 0.019 14.99 0.00018

Middle temporal 2.965± 0.016 2.881± 0.017 12.46 0.00059

Rostral middle frontal 2.534± 0.016 2.435± 0.017 17.56 0.00005

Superior frontal 2.945± 0.016 2.857± 0.017 13.62 0.00034

Superior temporal 2.949± 0.016 2.854± 0.017 14.41 0.00023

comparison correction was applied, it makes sense that we only

found thinner cortex in frontal and temporal lobe regions, but

no significant differences were found in group comparison on

surface area.

Structural lateralization changes in particular regions

are found in our research. Hemispheric lateralization is a

characteristic organization principle observed in vertebrate

brains (43), highly associated with the development of cognitive

functions, language and so on from an evolutionary point of

view. The development of hemispheric lateralization derives

from a series of genetic, environmental (such as light) and

physiological (such as hormone) factors (44). Crow et al. has

proposed that schizophrenia is a mental disorder that stems

from the failure of normal hemispheric lateralization in the

temporal lobe region (45). By far, different dimensions of

manifestations in schizophrenia have been linked with abnormal

lateralization. For example, schizophrenia patients showed a

different lateralization pattern from the healthy controls (11,

23–25), and these differences are associated with positive,

negative symptoms. Consequently, hemispheric lateralization

might serve as a potential biomarker for schizophrenia, which

provide a chance for clinician to recognize and intervene the

disease. Meta-analytic integration and large-scale multi-center

studies are needed before any final conclusions can be drawn.

Regarding the altered asymmetry of cortical thickness in the

superior temporal gyrus (STG) in schizophrenia patients as

a whole group compared to healthy controls, we observed

healthy controls exhibited a rightward lateralization of cortical
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thickness in the superior temporal gyrus, but schizophrenia

patients did not exhibit obvious asymmetry in this region. This

difference on the asymmetry of the STG may related to the

specificity of cortical thinning in right hemisphere. The STG

is a long region located along the Sylvian fissure dorsally and

superior temporal sulcus ventrally, participating in the auditory

FIGURE 1

Di�erences between SCZ and HC groups on cortical thickness.

processing, language production and self-monitoring. Studies

consistently suggested altered laterality of the STG (include

its subregions) in patients with schizophrenia (46, 47), and

asymmetry of the STG has been addressed to be a potential

biomarker for schizophrenia recently (48). Clinically, aberrant

asymmetry in the STG has been repeatedly associated with

positive symptoms such as auditory hallucinations and thought

disturbances (49), which is consistent with the proposition

depicting dysfunction of the primary auditory cortex in the

anterior and middle STG. However, its relationship with

negative symptoms remains unclear. In our study, partial

correlation analysis indicated that altered asymmetry of the

STG is associated with factor scores of the NSA-Emotion in

schizophrenia. It implied that the altered asymmetry of the

STG might play an important role in emotion dimension of

negative symptoms.

Although previous studies showed a rightward asymmetry

of amygdala volume in both healthy controls and schizophrenia

patients, they did not find significant differences between

schizophrenia patients and controls, or adolescents with and

without subclinical psychotic experiences (11, 50). In our

study, we did not find differences between the whole patient

group and healthy controls on the asymmetry of amygdala

volumes either. However, by comparing two subgroups of

schizophrenia patients we found that the PNS subgroup

FIGURE 2

(A–C) Partial correlation between brain structural changes and NSA scores.
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exhibited increased rightward asymmetry of amygdala volume

(AI = −0.077) than non-PNS subgroup (AI = −0.035).

Amygdala is involved in the appraisal of external stimuli with

regard to their emotional significance (51) and plays important

roles in emotion recognition (52), especially prominent in

negatively valued emotions like sadness, anger and fear (53).

A series of studies observed reduced volumes of amygdala

in schizophrenia patients (11, 54), including a largest-ever

meta-analysis (12). Furthermore, it is proposed that the left

amygdala is dominant for processing positive emotions while

the right amygdala is prominent for processing negative

emotions (55). There also seems to be associations between

amygdala lateralization and emotional arousal (56) as well as

the perceptual properties of stimuli (56, 57). These findings

together indicate that the asymmetry of amygdala may serve

as a potential biomarker of schizophrenia that specific to

negative symptoms. The results of partial correlation in our

study provide further evidence for this speculation, the AI

of amygdala is negatively correlated with negative symptoms,

including total scores and communication factor scores of

the NSA. Evidence of the relationship between reduced

amygdala volume and poor emotion recognition has also

been found in schizophrenia, whilst asymmetric abnormality

of amygdala was reported to be associated with negative

symptoms in schizophrenia and ultra-high risk individuals

(58). Emotion recognition is an important component of social

cognition and closely related to negative symptoms and social

function in schizophrenia patients (59, 60). However, few

studies have investigated brain asymmetry in schizophrenia

and its relationship with clinical symptoms. Future studies

should pay more attention on the asymmetric changes of

brain structure or functions in schizophrenia to clarify

this issue.

This study has several limitations. First, the present

sample size is relatively small, which might be a reason that

we only observed altered cortical thickness in frontal and

temporal lobe. Second, patients recruited in our study were

at a chronic stage, the medication and duration of illness

may confound the brain structural measures. Third, we did

not include the second-generation assessment of negative

symptoms such as CAINS and BNSS in the present study.

Future study will benefit from these new generation tools to

specifically assess psychopathology of negative symptoms in

schizophrenia patients. The last but not the least, previous

studies suggested that differences in age, gender and education

level might confound the analyses of cortical thickness and

structural lateralization between schizophrenia and healthy

control groups (22, 61, 62). For example, compared to

female participants, males show larger rightward asymmetry

in surface area (22). Although we took these factors as

covariates in the analysis to control the potential influences

statistically, it would be better to have well-matched samples

in future.

Taken together, this study investigated the brain structural

changes and asymmetry in schizophrenia patients, PNS

in particular, and showed the cortical thinning in frontal

and temporal lobe. More importantly, our findings

suggested that emotion and communication dimensions

of negative symptoms may associate with the altered

asymmetry of brain structure in superior temporal and

amygdala regions.

Data availability statement

The original contributions presented in the

study are included in the article/supplementary

material, further inquiries can be directed to the

corresponding author/s.

Ethics statement

The studies involving human participants were

reviewed and approved by Peking University Sixth

Hospital Ethics Committee. The patients/participants

provided their written informed consent to participate in

this study.

Author contributions

CP and YW designed the study, obtained funding, and

supervised the study. ZH and DR performed the data analysis

and interpretation, as well as the report writing. XY and RC

conducted the research design and the manuscript writing.

BH, TZ, and CS participated in the collection of data. All

authors contributed to the article and approved the submitted

version.

Funding

This study was supported by National Science Fund

China (No. 82171500), Key Program of Beijing Science

and Technology Commission (No. D171100007017002), the

Capital’s Funds for Health Improvement and Research (CFH,

No. 2018-4-4116), National Key R&D Program of China

(2018YFC1314200), and the National Key Project of Scientific

and Technical Supporting Programs (2007BAI17B04). YW was

supported by the National Natural Science Foundation of China

(31871114) and the CAS Key Laboratory of Mental Health,

Institute of Psychology. The funders had no role in study

design, data collection and analysis, decision to publish or

preparation of the manuscript. We thank all the participants in

this study.

Frontiers in Psychiatry 07 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.1000560
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Huang et al. 10.3389/fpsyt.2022.1000560

Acknowledgments

We thank all the staff who are involved in

organizing and recruiting samples as well as all

the subjects providing the neuroimaging data to

our research.

Conflict of interest

The authors declare that the research was conducted in

the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those

of their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

References

1. Fervaha G, Foussias G, Agid O, Remington G. Impact of primary negative
symptoms on functional outcomes in schizophrenia. Eur Psychiatry. (2014)
29:449–55. doi: 10.1016/j.eurpsy.2014.01.007

2. Kay SR, Fiszbein A, Opler LA. The positive and negative
syndrome scale (PANSS) for schizophrenia. Schizophr Bull. (1987)
13:261–76. doi: 10.1093/schbul/13.2.261

3. Andreasen NC. The Scale for the Assessment of Negative Symptoms (SANS):
Conceptual and theoretical foundations. Br J Psychiatry Suppl. (1989) 13:49–58.
doi: 10.1175/2007JCLI1826.1

4. Alphs LD, Summerfelt A, Lann H, Muller RJ. The negative symptom
assessment: a new instrument to assess negative symptoms of schizophrenia.
Psychopharmacol Bull. (1989) 25:159–63. doi: 10.1093/schbul/sbv160

5. Harvey PD, Koren D, Reichenberg A, Bowie CR. Negative symptoms and
cognitive deficits: what is the nature of their relationship? Schizophr Bull. (2006)
32:250–8. doi: 10.1093/schbul/sbj011

6. Kirkpatrick B, Fenton WS, Carpenter WT, Marder SR. The NIMH-MATRICS
consensus statement on negative symptoms. Schizophr Bull. (2006) 32:214–
9. doi: 10.1093/schbul/sbj053

7. Kirkpatrick B, Strauss GP, Nguyen L, Fischer BA, Daniel DG. Cienfuegos, et al.
The brief negative symptom scale. Psychometric Propert Schizophrenia Bulletin.
(2011) 37:300–5. doi: 10.1093/schbul/sbq059

8. Forbes C, Blanchard JJ, Bennett M, Horan WP, Kring A, Gur R. Initial
development and preliminary validation of a new negative symptom measure:
the clinical assessment interview for negative symptoms (CAINS). Schizophr Res.
(2010) 124:36–42. doi: 10.1016/j.schres.2010.08.039

9. Rimol LM, Nesvåg R, Hagler DJ, Bergmann O, Fennema-
Notestine C, Hartberg CB, et al. Cortical volume, surface area, and
thickness in schizophrenia and bipolar disorder. Biol Psychiatry. (2012)
71:552–60. doi: 10.1016/j.biopsych.2011.11.026

10. van Erp TGM, Walton E, Hibar DP, Schmaal L, Jiang W, Glahn DC,
et al. Cortical brain abnormalities in 4474 individuals with schizophrenia
and 5098 control subjects via the enhancing neuro imaging genetics
through meta analysis (ENIGMA) consortium. Biol Psychiatry. (2018)
84:644–54. doi: 10.1016/j.biopsych.2018.04.023

11. Okada N, Fukunaga M, Yamashita F, Koshiyama D, Yamamori H, Ohi K,
et al. Abnormal asymmetries in subcortical brain volume in schizophrenia. Mol
Psychiatry. (2016) 21:1460–6. doi: 10.1038/mp.2015.209

12. van Erp TGM, Hibar DP, Rasmussen JM, Glahn DC, Pearlson GD,
Andreassen OA, et al. Subcortical brain volume abnormalities in 2028 individuals
with schizophrenia and 2540 healthy controls via the ENIGMA consortium. Mol
Psychiatry. (2016) 21:547–53. doi: 10.1038/mp.2015.63

13. Sugihara G, Oishi N, Son S, Kubota M, Takahashi H, Murai T. Distinct
patterns of cerebral cortical thinning in schizophrenia: a neuroimaging data-driven
approach. Schizophr Bull. (2017) 43:900–6. doi: 10.1093/schbul/sbw176

14. Walton E, Hibar DP, van Erp TGM, Potkin SG, Roiz-Santiañez R,
Crespo-Facorro B, et al. Prefrontal cortical thinning links to negative symptoms
in schizophrenia via the ENIGMA consortium. Psychol Med. (2018) 48:82–
94. doi: 10.1017/S0033291717001283

15. Correll CU, Schooler NR. Negative symptoms in schizophrenia: a review and
clinical guide for recognition, assessment, and treatment.Neuropsychiatr Dis Treat.
(2020) 16:519–34. doi: 10.2147/NDT.S225643

16. Anderson JE, Wible CG, McCarley RW, Jakab M, Kasai K,
Shenton ME. An MRI study of temporal lobe abnormalities and
negative symptoms in chronic schizophrenia. Schizophr Res. (2002)
58:123–34. doi: 10.1016/s0920-9964(01)00372-3

17. Demjaha A, Galderisi S, Glenthøj B, Arango C, Mucci A, Lawrence A,
et al. Negative symptoms in first-episode schizophrenia related to morphometric
alterations in orbitofrontal and superior temporal cortex: The optimise study.
Psychol Med. (2022) 24:1–9. doi: 10.1017/S0033291722000010

18. Nenadic I, Yotter RA, Sauer H, Gaser C. Patterns of cortical thinning
in different subgroups of schizophrenia. Br J Psychiatry. (2015) 206:479–
83. doi: 10.1192/bjp.bp.114.148510

19. Li Y, Li W, Xie D, Wang Y, Cheung EF, Chan RC. Grey matter reduction
in the caudate nucleus in patients with persistent negative symptoms: an ALE
meta-analysis. Schizophr Res. (2018) 192:9–15. doi: 10.1016/j.schres.2017.04.005

20. Symposium B, Hockman CH. Limbic system mechanisms and autonomic
function. Proceedings of a Brain Research Symposium. Springfield, IL (1972).

21. Watkins KE, Paus T, Lerch JP, Zijdenbos A, Collins DL, Neelin P, et al.
Structural asymmetries in the human brain: a voxel-based statistical analysis of 142
MRI scans. Cereb Cortex. (2001) 11:868–77. doi: 10.1093/cercor/11.9.868

22. Kong X-Z, Mathias SR, Guadalupe T, ENIGMA Laterality Working Group,
Glahn DC, Franke B, et al. Mapping cortical brain asymmetry in 17,141 healthy
individuals worldwide via the ENIGMA consortium. Proc Natl Acad Sci USA.
(2018) 115:E5154–63. doi: 10.1073/pnas.1718418115

23. Turetsky B, Cowell PE, Gur RC, Grossman RI, Shtasel DL, Gur
RE. Frontal and temporal lobe brain volumes in schizophrenia: relationship
to symptoms and clinical subtype. Arch Gen Psychiatry. (1995) 52:1061–
70. doi: 10.1001/archpsyc.1995.03950240079013

24. Sallet PC, Elkis H, Alves TM, Oliveira JR, Sassi E, de Castro CC,
et al. Rightward cerebral asymmetry in subtypes of schizophrenia according to
Leonhard’s classification and to DSM-IV: a structural MRI study. Psychiatry Res
Neuroimag. (2003) 123:65–79. doi: 10.1016/s0925-4927(03)00020-9

25. Núñez C, PaipaN, Senior C, CorominaM, Siddi S, Ochoa S, et al. Global brain
asymmetry is increased in schizophrenia and related to avolition. Acta Psychiatr
Scand. (2017) 135:448–59. doi: 10.1111/acps.12723

26. Makowski C, Bodnar M, Shenker JJ, Malla AK, Joober R, Chakravarty MM,
et al. Linking persistent negative symptoms to amygdala-hippocampus structure in
first-episode psychosis. Transl Psychiatry. (2017) 7:e1195. doi: 10.1038/tp.2017.168

27. Organization WH. The ICD-10 Classification of Mental and Behavioural
Disorders: Clinical Descriptions and Diagnostic Guidelines. Geneva: World Health
Organization (1992).

28. Si T-M, Shu L, Dang W-M, Se Y-A, Chen J-X, Dong W-T, et al.
Evaluation of the reliability and validity of chinese version of the mini-
international neuropsychiatric interview in patients with mental disorders.
Chin Mental Health J. (2009) 023:30–6. doi: 10.3969/j.issn.1000-6729.2009.
07.011

Frontiers in Psychiatry 08 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.1000560
https://doi.org/10.1016/j.eurpsy.2014.01.007
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1175/2007JCLI1826.1
https://doi.org/10.1093/schbul/sbv160
https://doi.org/10.1093/schbul/sbj011
https://doi.org/10.1093/schbul/sbj053
https://doi.org/10.1093/schbul/sbq059
https://doi.org/10.1016/j.schres.2010.08.039
https://doi.org/10.1016/j.biopsych.2011.11.026
https://doi.org/10.1016/j.biopsych.2018.04.023
https://doi.org/10.1038/mp.2015.209
https://doi.org/10.1038/mp.2015.63
https://doi.org/10.1093/schbul/sbw176
https://doi.org/10.1017/S0033291717001283
https://doi.org/10.2147/NDT.S225643
https://doi.org/10.1016/s0920-9964(01)00372-3
https://doi.org/10.1017/S0033291722000010
https://doi.org/10.1192/bjp.bp.114.148510
https://doi.org/10.1016/j.schres.2017.04.005
https://doi.org/10.1093/cercor/11.9.868
https://doi.org/10.1073/pnas.1718418115
https://doi.org/10.1001/archpsyc.1995.03950240079013
https://doi.org/10.1016/s0925-4927(03)00020-9
https://doi.org/10.1111/acps.12723
https://doi.org/10.1038/tp.2017.168
https://doi.org/10.3969/j.issn.1000-6729.2009.07.011
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Huang et al. 10.3389/fpsyt.2022.1000560

29. Olié J-P, Spina E, Murray S, Yang R. Ziprasidone and amisulpride
effectively treat negative symptoms of schizophrenia: results of
a 12-week, double-blind study. Int Clin Psychopharmacol. (2006)
21:143–51. doi: 10.1097/01.yic.0000182121.59296.70

30. Axelrod BN, Goldman RS, Alphs LD. Validation of the 16-
item negative symptom assessment. J Psychiatr Res. (1993) 27:253–
8. doi: 10.1016/0022-3956(93)90036-2

31. Huang B-J, Wang Y, Miao Q, Yu X, Pu C-C, Shi C. Validation of the chinese
version of the 16-item negative symptom assessment. Neuropsychiatr Dis Treat.
(2020) 16:1113–20. doi: 10.2147/NDT.S251182

32. Fischl B, Dale AM. Measuring the thickness of the human cerebral
cortex from magnetic resonance images. Proc Nat Acad Sci. (2000) 97:11050–
5. doi: 10.1073/pnas.200033797

33. Fischl B, Sereno MI, Dale AM. Cortical surface-based analysis: II: inflation,
flattening, and a surface-based coordinate system. Neuroimage. (1999) 9:195–
207. doi: 10.1006/nimg.1998.0396

34. Fischl B, Van Der Kouwe A, Destrieux C, Halgren E, Ségonne F, Salat DH,
et al. Automatisk parcellering af den menneskelige hjernebark. Cerebral Cortex
(New York, NY). (2004) 14:11–22. doi: 10.1093/cercor/bhg087

35. Desikan RS, Segonne F, Fischl B, Quinn BT, Dickerson BC, Blacker D,
et al. An automated labeling system for subdividing the human cerebral cortex
on MRI scans into gyral based regions of interest. Neuroimage. (2006) 31:968–
80. doi: 10.1016/j.neuroimage.2006.01.021

36. Ehrlich S, Brauns S, Yendiki A, Ho B-C, Calhoun V, Schulz SC, et al.
Associations of cortical thickness and cognition in patients with schizophrenia and
healthy controls. Schizophr Bull. (2012) 38:1050–62. doi: 10.1093/schbul/sbr018

37. Fellows LK. The functions of the frontal lobes: evidence
from patients with focal brain damage. Handb Clin Neurol. (2019)
163:19–34. doi: 10.1016/B978-0-12-804281-6.00002-1

38. Stuss DT, Levine B. Adult clinical neuropsychology: lessons
from studies of the frontal lobes. Annu Rev Psychol. (2002) 53:401–
33. doi: 10.1146/annurev.psych.53.100901.135220

39. Braunsdorf M, Freches GB, Roumazeilles L, Eichert N, Schurz M, Uithol
S, et al. Does the temporal cortex make us human? A review of structural and
functional diversity of the primate temporal lobe. Neurosci Biobehav Rev. (2021)
131:400–10. doi: 10.1016/j.neubiorev.2021.08.032

40. Jackson RL, Bajada CJ, Rice GE, Cloutman LL, Ralph MAL. An emergent
functional parcellation of the temporal cortex. Neuroimage. (2018) 170:385–
99. doi: 10.1016/j.neuroimage.2017.04.024

41. Edgar JC, Hunter MA, Huang M, Smith AK, Chen Y, Sadek J, et al.
Temporal and frontal cortical thickness associations with M100 auditory activity
and attention in healthy controls and individuals with schizophrenia. Schizophr
Res. (2012) 140:250–7. doi: 10.1016/j.schres.2012.06.009

42. Kenneth H. Left temporal lobe structural and functional abnormality
underlying auditory hallucinations in schizophrenia. Front Neurosci. (2009) 3:34–
45. doi: 10.3389/neuro.01.001.2009

43. Goldberg E, Roediger D, Kucukboyaci NE, Carlson C, DevinskyO, Kuzniecky
R, et al. Hemispheric asymmetries of cortical volume in the human brain. Cortex.
(2013) 49:200–10. doi: 10.1016/j.cortex.2011.11.002

44. Duboc V, Dufourcq P, Blader P, Roussigné M. Asymmetry of
the brain: development and implications. Annu Rev Genet. (2015)
49:647–72. doi: 10.1146/annurev-genet-112414-055322

45. Crow TJ. The “big bang” theory of the origin of psychosis and the
faculty of language. Schizophr Res. (2008) 102:31–52. doi: 10.1016/j.schres.2008.
03.010

46. Ratnanather JT, Poynton CB, Pisano DV, Crocker B, Postell E, Cebron
S, et al. Morphometry of superior temporal gyrus and planum temporale in

schizophrenia and psychotic bipolar disorder. Schizophr Res. (2013) 150:476–
83. doi: 10.1016/j.schres.2013.08.014

47. Ohi K, Matsuda Y, Shimada T, Yasuyama T, Oshima K, Sawai
K, et al. 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

48. Bandeira ID, Barouh JL, Bandeira ID, Quarantini L. Analysis of the superior
temporal gyrus as a possible biomarker in schizophrenia using voxel-based
morphometry of the brain magnetic resonance imaging: a comprehensive review.
CNS Spectr. (2021) 26:319–25. doi: 10.1017/S1092852919001810

49. Walton E, Hibar DP, van Erp TGM, Potkin SG, Roiz-Santiañez R, Crespo-
Facorro B, et al. Positive symptoms associate with cortical thinning in the superior
temporal gyrus via the ENIGMA Schizophrenia consortium. Acta Psychiatr Scand.
(2017) 135:439–47. doi: 10.1111/acps.12718

50. Okada N, Yahata N, Koshiyama D, Morita K, Sawada K, Kanata
S, et al. Abnormal asymmetries in subcortical brain volume in early
adolescents with subclinical psychotic experiences. Transl Psychiatry. (2018)
8:254. doi: 10.1038/s41398-018-0312-6

51. Gainotti G. Disorders of emotional behaviour. J Neurol. (2001) 248:743–
9. doi: 10.1007/s004150170088

52. Adolphs R. The neurobiology of social cognition. Curr Opin Neurobiol.
(2001) 11:231–9. doi: 10.1016/s0959-4388(00)00202-6

53. Adolphs R, Tranel D, Hamann S, Young AW, Calder AJ, Phelps EA,
et al. Recognition of facial emotion in nine individuals with bilateral amygdala
damage. Neuropsychologia. (1999) 37:1111–7. doi: 10.1016/s0028-3932(99)0
0039-1

54. Haijma SV, Van Haren N, Cahn W, Koolschijn PCMP, Hulshoff Pol HE,
Kahn RS. Brain volumes in schizophrenia: a meta-analysis in over 18 000 subjects.
Schizophr Bull. (2013) 39:1129–38. doi: 10.1093/schbul/sbs118

55. Lanteaume L, Khalfa S, Régis J, Marquis P, Chauvel P, Bartolomei F. Emotion
induction after direct intracerebral stimulations of human amygdala. Cereb Cortex.
(2007) 17:1307–13. doi: 10.1093/cercor/bhl041

56. Gläscher J, Adolphs R. Processing of the arousal of subliminal and
supraliminal emotional stimuli by the human amygdala. J Neurosci. (2003)
23:10274–82. doi: 10.1523/JNEUROSCI.23-32-10274.2003

57. Frühholz S, Hofstetter C, Cristinzio C, Saj A, Seeck M, Vuilleumier P, et al.
Asymmetrical effects of unilateral right or left amygdala damage on auditory
cortical processing of vocal emotions. Proc Natl Acad Sci USA. (2015) 112:1583–
8. doi: 10.1073/pnas.1411315112

58. Bartholomeusz CF, Whittle SL, Pilioussis E, Allott K, Rice S, Schäfer
MR, et al. Relationship between amygdala volume and emotion recognition
in adolescents at ultra-high risk for psychosis. Psychiatry Res. (2014) 224:159–
67. doi: 10.1016/j.pscychresns.2014.10.005

59. Healey KM, Bartholomeusz CF, Penn DL. Deficits in social cognition in
first episode psychosis: a review of the literature. Clin Psychol Rev. (2016) 50:108–
37. doi: 10.1016/j.cpr.2016.10.001

60. Ventura J, Wood RC, Jimenez AM, Hellemann GS. Neurocognition
and symptoms identify links between facial recognition and emotion
processing in schizophrenia: meta-analytic findings. Schizophr Res. (2013)
151:78–84. doi: 10.1016/j.schres.2013.10.015

61. Kang X, Herron TJ, Ettlinger M, Woods DL. Hemispheric
asymmetries in cortical and subcortical anatomy. Laterality. (2015)
20:658–84. doi: 10.1080/1357650X.2015.1032975

62. Koelkebeck K, Miyata J, Kubota M, Kohl W, Son S, Fukuyama H,
et al. The contribution of cortical thickness and surface area to gray matter
asymmetries in the healthy human brain. Hum Brain Mapp. (2014) 35:6011–
22. doi: 10.1002/hbm.22601

Frontiers in Psychiatry 09 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.1000560
https://doi.org/10.1097/01.yic.0000182121.59296.70
https://doi.org/10.1016/0022-3956(93)90036-2
https://doi.org/10.2147/NDT.S251182
https://doi.org/10.1073/pnas.200033797
https://doi.org/10.1006/nimg.1998.0396
https://doi.org/10.1093/cercor/bhg087
https://doi.org/10.1016/j.neuroimage.2006.01.021
https://doi.org/10.1093/schbul/sbr018
https://doi.org/10.1016/B978-0-12-804281-6.00002-1
https://doi.org/10.1146/annurev.psych.53.100901.135220
https://doi.org/10.1016/j.neubiorev.2021.08.032
https://doi.org/10.1016/j.neuroimage.2017.04.024
https://doi.org/10.1016/j.schres.2012.06.009
https://doi.org/10.3389/neuro.01.001.2009
https://doi.org/10.1016/j.cortex.2011.11.002
https://doi.org/10.1146/annurev-genet-112414-055322
https://doi.org/10.1016/j.schres.2008.03.010
https://doi.org/10.1016/j.schres.2013.08.014
https://doi.org/10.1016/j.eurpsy.2016.02.002
https://doi.org/10.1017/S1092852919001810
https://doi.org/10.1111/acps.12718
https://doi.org/10.1038/s41398-018-0312-6
https://doi.org/10.1007/s004150170088
https://doi.org/10.1016/s0959-4388(00)00202-6
https://doi.org/10.1016/s0028-3932(99)00039-1
https://doi.org/10.1093/schbul/sbs118
https://doi.org/10.1093/cercor/bhl041
https://doi.org/10.1523/JNEUROSCI.23-32-10274.2003
https://doi.org/10.1073/pnas.1411315112
https://doi.org/10.1016/j.pscychresns.2014.10.005
https://doi.org/10.1016/j.cpr.2016.10.001
https://doi.org/10.1016/j.schres.2013.10.015
https://doi.org/10.1080/1357650X.2015.1032975
https://doi.org/10.1002/hbm.22601
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Negative symptoms correlate with altered brain structural asymmetry in amygdala and superior temporal region in schizophrenia patients
	Introduction
	Materials and methods
	Participants
	Assessment for clinical symptoms
	Acquisition and preprocessing of brain structural images
	Data analysis

	Results
	Demographic and clinical information
	Group comparison between schizophrenia and healthy controls
	Comparison between PNS and non-PNS subgroups of schizophrenia
	Correlations with severity of negative symptoms

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


