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Background: Since the introduction of the neurodevelopmental perspective of

schizophrenia research on individuals at ultra-high risk for psychosis (UHR) has

gained increasing interest, aiming at early detection and intervention. Results from

fMRI studies investigating behavioral and brain functional changes in UHR during

facial emotion recognition, an essential component of social cognition, showed

heterogenous results, probably due clinical diversity across these investigations.

This fMRI study investigated emotion recognition in a sub-group of the UHR

spectrum, namely non-help-seeking, drug-naïve UHR with high cognitive functioning

to reveal the neurofunctional underpinnings of their social functioning in comparison to

healthy controls.

Methods: Two large cohorts of students from an elite University (n1 = 4,040, n2 = 4,364)

were screened firstly with the Prodromal Questionnaires and by surpassing predefined

cut-offs then interviewed with the semi-structured Interview for Psychosis-Risk

Syndromes to verify their UHR status. Twenty-one identified non-help-seeking UHR and

23 non-UHR control subjects were scanned with functional magnetic resonance imaging

while classifying emotions (i.e., neutral, happy, disgust and fear) in a facial emotion

recognition task.

Results: Behaviorally, no group differences were found concerning accuracy, reaction

times, sensitivity or specificity, except that non-help-seeking UHR showed higher

specificity when recognizing neutral facial expressions. In comparison to healthy

non-UHR controls, non-help-seeking UHR showed generally higher activation in the

superior temporal and left Heschl’s gyrus as well as in the somatosensory, insular and

midcingulate cortex than the control subjects during the entire recognition task regardless

of the emotion categories. In an exploratory analysis, in the non-help-seeking UHR group,
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functional activity in the left superior temporal gyrus was significantly correlated with

deficits in the ability to experience emotions at uncorrected statistical thresholds.

Conclusions: Compared to healthy controls, non-help-seeking UHR show no

behavioral deficits during facial emotion recognition, but functional hyperactivities in

brain regions associated with this cognitive process. Our study may inspire future early

intervention and provide loci for treatment using neural stimulation.

Keywords: clinical high risk for psychosis, facial emotion recognition, superior temporal gyrus, functional

magnetic resonance imaging (fMRI), social cognition, prodromal psychosis

INTRODUCTION

In the past three decades, the concept of potentially prodromal
prepsychotic symptoms has been developed to prospectively
identify people who are at high risk for psychosis (Fusar-Poli
et al., 2013). According to the well-established definition of the
ultra-high risk concept (Yung et al., 2004; Fusar-Poli et al.,
2013; Yung and Nelson, 2013), UHR (individuals at ultra-high
risk for psychosis) are fulfilling at least one of the following
criteria: attenuated psychotic symptoms (APS), brief limited
intermittent psychotic symptoms (BLIPS) and genetic risk and
deterioration syndrome (GRS; Yung et al., 2008; Fusar-Poli et al.,
2015a). UHR status is a strong predictor of the development
of psychotic disorders, a meta-analysis estimates the transition
risk of 18% after 6 months of follow-up and of 36% after
3 years of follow-up (Fusar-Poli et al., 2012a). The range of
functional and clinical characteristics of UHR include, among
others, disorganized speech, unusual thought content, perceptual
abnormalities, paranoid ideation and deficits in social cognition
(Fusar-Poli et al., 2013).

A key component in social cognition is facial emotional
recognition, which is the ability to accurately identify universal
signals of emotional disposition in facial expressions. This
helps us to emotionally connect with others and effectively
communicate with them (Ekman, 1993; Fusar-Poli et al., 2009).
Deficits in facial emotion recognition have been repeatedly
demonstrated in patients with schizophrenia (Sachs et al., 2004;
Martin et al., 2005; Barkl et al., 2014; Gabay et al., 2015). Two
meta-analyses investigated facial emotion recognition in UHR on
a behavioral level (Lee et al., 2015; van Donkersgoed et al., 2015).
Both found that UHR perform moderately poorer than controls.
However, the authors (van Donkersgoed et al., 2015) noted
substantial heterogeneity in the outcomes of the selected studies
probably due to the clinical and methodological diversity across
the selected studies. Therefore, these results must be interpreted
with caution.

On the neurofunctional level, facial expression recognition
is correlated with brain activation in the fronto-temporo-
occipital network and limbic structures including the amygdala,
especially in the bilateral superior temporal gyrus (STG) in
healthy population (Johnston et al., 2005; Sliwinska and Pitcher,
2018). Parallel to their impaired behavioral performance when
processing facial emotions, patients with schizophrenia showed
attenuated neural activity in the fronto-temporo-occipital
network and limbic structures when recognizing different facial

emotions irrespective of emotion types versus control condition
contrast (Taylor et al., 2012; Jáni and Kašpárek, 2018). Systematic
reviews on emotional processing in people at clinical high-risk
for psychosis (Kozhuharova et al., 2020; Lukow et al., 2021) found
convergence across studies that reported increased activation in
the cingulate and frontal cortices. However, the overall results
of all studies were again inconclusive probably due to their
heterogeneity in both imaging paradigms as well as samples.

Remarkably, some studies reported increased functional
activity to neutral conditions in the inferior frontal gyrus
(Seiferth et al., 2008; Modinos et al., 2015), the left temporal
pole and bilateral posterior cingulate cortex (van der Velde
et al., 2015), the thalamus (Seiferth et al., 2008) and in the
insula (Modinos et al., 2015). Due the thalamus is implicated
in controlling emotional attention (Phillips et al., 2003) and the
insula plays a crucial role in the evaluative, experiential and
expressive processing of internally generated emotions (Craig,
2009), their increased responses to neutral conditions were
interpreted as a potential neural hypersensitivity to affectively
irrelevant stimuli that may be related to aberrant salience
processing (Kozhuharova et al., 2020).

There are many factors that could potentially explain the
aforementioned heterogeneity of study results: 1. UHR are more
likely to show DSM Axis I comorbid disorders like major
depressive disorder (Fusar-Poli et al., 2012b, 2017) which is
associated with impairments in emotion recognition (Dalili et al.,
2015). 2. Similarly, some UHR with comorbid affective and/or
anxiety disorders could use antidepressant pharmacotherapy
that also might affect emotion recognition (Harmer et al.,
2011, 2013), potentially via modulations of amygdala responses
to emotional facial expressions (Murphy et al., 2009). 3. In
schizophrenia patients, it has been demonstrated that facial
affect perception accuracy did not significantly differ between
high-functioning patients and non-psychiatric healthy controls
but was significantly lower in low-functioning schizophrenia
patients compared to the two other aforementioned groups
(Karpouzian et al., 2017). A similar effect might be found in UHR
which could be another factor causing heterogenous results in
previous studies. 4. There is strong evidence that genetic risk for
schizophrenia which is elevated in UHR (see GRS criterion) is
associated with facial emotion recognition deficits (Martin et al.,
2020). 5. Another factor causing clinical heterogeneity within
UHR samples is that UHR need to fulfill only one from three
potentially concurrent criteria that comprise a wide symptomatic
range. 6. Last, within the spectrum of UHR, a subgroup has
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been identified that consists of non-help seeking UHR (NHS-
UHR) who differ from help-seeking UHR with respect to
sociodemographic and clinical factors (Falkenberg et al., 2015;
Fusar-Poli et al., 2015b). While the overall level of functioning
of NHS-UHR is higher than that of clinical UHR, psychosis-risk
symptoms as well as psychosis-risk criterions each significantly
predicted functional deficits in NHS-UHR (Schultze-Lutter et al.,
2018). However, the majority of research have only investigated
help-seeking UHR (Amminger et al., 2012; Rietdijk et al., 2013;
Thompson et al., 2015).

In order to disentangle these potentially confounding effects,
in this study, we investigated NHS-UHR with no history of
psychiatric comorbidities or psychopharmacological therapy and
no parents with history of psychotic disorders. That there
has not been lots of research on NHS-UHR has certainly
many causes, e.g., they are more difficult to recruit because
their prevalence is relatively smaller, because of their better
functioning it is less likely that they will contact clinicians that
often help with the recruitment and, importantly, the practical
utility of ultra-high risk criteria for psychosis prediction is
questioned by some researchers when applied outside clinical
samples (Fusar-Poli, 2017). Remarkably, some widespread tools
that assess clinical high-risk for psychosis, e.g., the CAARMS
(Comprehensive Assessment of the At-Risk Mental State; Yung
et al., 2005), require a drop in functioning regardless of which of
the three UHR criteria (APS, BLIPS, GRS) are fulfilled, making
it impossible to use for the screening of high-functioning UHR.
The prevalence of NHS-UHR is estimated to range between 1.3%
in the general population (Schimmelmann et al., 2015) to 2.4%
in young adults (Schultze-Lutter et al., 2018) when the diagnostic
criteria from the SIPS [“Structured Interview for Psychosis-Risk
Syndromes” (McGlashan et al., 2001)] are applied and only
1.03% when utilizing the criteria recommended in the Guidance
project of the “European Psychiatric Association” [Schultze-
Lutter et al., 2015 i.e., APS syndrome, BIPS syndrome, Cognitive
Disturbances (COGDIS)]. Their general functioning shows the
highest negative correlations with the symptoms avolition and
unusual thought content among various psychopathological
symptoms (Ayoub et al., 2020).

In line with findings from Karpouzian et al. (2017) on high-
functioning schizophrenia patients, we hypothesize that, on a
behavioral level, NHS-UHR and a healthy control group (CG)
do not differ significantly from each other. Second, we expect
increased brain functional responses during facial emotion
recognition in NHS-UHR relative to a CG. We expect to find
these hyperactivations in the cingulate and fronto-temporal
cortices, especially in the precentral cortex and the STG that
have shown hyperactivations during this task in high-functioning
schizophrenia patients as well as in UHR (Kozhuharova et al.,
2020; Lukow et al., 2021). Next, we expected increased responses
in the insula, the thalamus, temporal poles, cingulate cortex and
inferior frontal gyrus in NHS-UHR compared to the CG during
the processing of neutral facial emotional stimuli. In our previous
brain morphological study (Hou et al., 2020), we investigated
changes in cortical complexity, a biomarker measuring cortical
folding (Di Ieva et al., 2013), in NHS-UHR and found cortical
complexity in NHS-UHR in the STG to be reduced compared to a

healthy CG. We therefore investigated in an exploratory analysis
whether potential changed functional activity in the STG during
facial emotion recognition in UHR is correlated with positive or
negative prodromal symptoms.

METHODS

Recruitment Procedure
Undergraduate students from two consecutive school years
from Tongji University, Shanghai, an elite University with
an acceptance rate of < 0.2%, were screened using a two-
staged protocol. In the first step, the Prodromal Questionnaire
(PQ-16; Ising et al., 2012) was used for the first school year
and the Prodromal Questionnaire-brief version (PQ-B; Loewy
et al., 2011) for the second school year in order to preselect
participants with prodromal symptoms. A systematic review
comparing different versions of the PQ concluded that both the
PQ-B as well as the PQ-16 are both able to accurately identify
UHR (Savill et al., 2018).

The 16-item version of the Prodromal Questionnaire
(PQ-16) is a self-report questionnaire used to screen
individuals with a high risk of psychosis by measuring e.g.,
perceptual abnormalities/hallucinations, unusual thought
content/delusional ideas and negative symptoms (Ising et al.,
2012). According to the recommendations from a previous
study that also investigated Chinese NHS-UHR who were
college students (Su et al., 2015), we set the cut-off value for
the identification of individuals that should be included in the
second stage of the screening protocol to 9. With this cut-off
value, the Chinese version of the PQ-16 was able to detect
psychosis risk with a sensitivity of 68% and a specificity of
73% (Su et al., 2015).

The PQ-B (Loewy et al., 2011) consists of 21-items to screen
ultra-high risk psychosis. If the scores of individuals exceeded the
cut-off score 24, participants were included in the second stage
of the screening protocol. The Chinese translation of the PQ-B
shows both high sensitivity (82%) and specificity (46.8%) in the
Chinese population (Xu et al., 2016).

The second stage of the screening consisted of the SIPS
interview (Miller et al., 2003) and the GAF (Global Assessment
of Functioning; Endicott et al., 1976) which were both assessed
by trained psychiatrists. The semi-structured SIPS interview is
a validated diagnostic tool for the identification of an ultra-
high-risk for psychosis (Fusar-Poli et al., 2016). Its Chinese
version has evidenced good reliability and validity (Zheng et al.,
2012). The SIPS aims to assess the severity of positive (e.g.,
grandiose ideas, perceptual abnormalities/hallucinations and
disorganized communication), negative (e.g., social anhedonia,
avolition, expression of emotion, experience of emotions and
self), disorganized and general symptoms (Chen et al., 2014).

Additionally, the Global Assessment of Functioning (GAF;
Endicott et al., 1976) was applied by trained psychiatrists
during the interview which is a rating scale that describes the
participants’ social, psychological and occupational functioning.
Its values range from 0 to 100 and higher scores on the
GAF indicate higher global functioning. A meta-analysis on
functioning levels of people at high risk on psychosis found a
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mean GAF score of 50 for UHR, 79 for healthy controls and
45 for psychosis patients (Fusar-Poli et al., 2015b). Participants’
GAF-score had to be above 60, otherwise they dropped out of
the study.

If participants fulfilled the SIPS’ criteria for being in a
prodromal phase of psychosis, they were invited to undergo
an MRI scan during the following 2 months. Participants
who fulfilled one of the following criteria were excluded from
further screening: GAF < 61, current or previous psychiatric
disease, parents with current or previous psychotic disorder,
i.e., schizophrenia, schizoaffective disorder or bipolar disorder,
history of a disease or operation that could impair brain function
or structure (e.g., severe CNS trauma, meningitis, cancer, several
autoimmune diseases like lupus), drug abuse, receiving any
neuropsychiatric treatment and self-reported inability to undergo
an MRI-examination (e.g., claustrophobia, inability to lie still,
epilepsy, pregnancy, MRI-incompatible metal implants).The CG
were randomly selected from the remaining participants that did
not exceed cut-off values from either PQ-16 or PQ-B in the first
stage of the screening.

All participants provided informed consent before
the experiment and received monetary reward after
the completion of the study. The study protocol
was approved by the ethics committee of the
Institutional Review Board of Tongji University
(No: 2019tjdx264).

MRI Data Acquisition and MRI Data
Preprocessing
MRI data were acquired using a 3.0 Tesla MRI scanner (GE
MR750). Functional data were collected using an EPI sequence
(flip angle = 90◦, TR = 2,000ms, TE = 30ms, FOV = 192mm
× 192mm, slice thickness = 3mm, voxel size 3 × 3 × 3mm,
number of slices = 40, number of volumes: 265, matrix size:
64 × 64, no interslice gap, acquisition orientation: transverse,
acquisition order: interleaved). Structural data were collected
through a 3D fast spoiled gradient-echo (FSPGR) sequence (flip
angle= 12◦, TR= 8.2ms, TE= 3.18ms, slice thickness= 1mm,
voxel size 1× 1× 1mm, matrix size: 256× 256, number of slices
= 136, acquisition orientation: transverse). When participants
had impaired vision, we provided them with mri compatible
glasses to ensure they can properly see the visual stimuli used in
this experiment.

Functional image preprocessing was performed using SPM12
software (Welcome Department of Cognitive Neurology,
London, UK), which builds on MATLAB. The first five volumes
of fMRI scans were discarded to minimize the initial instability
of magnetization. The remaining functional images from each
participant were time sliced and realigned for head movements.
The mean functional image was coregistered by the anatomical
image and then segmented. The parameters for normalization
were also derived from the segmentation step. The images were
normalized to MNI space, resampled to voxels of 3 × 3 × 3mm,
and smoothed with a Gaussian kernel of 8mm full width at half
maximum (FWHM).

fMRI Paradigm
The event-related fMRI paradigm presented four categories
(happiness, disgust, fear or neutral) of modified emotional
faces from the Ekman black-and-white face emotion database
(Siger, 1979) and has previously been used (Yang et al., 2015).
The stimuli consisted of two female faces and two male faces.
We morphed different images from the database such that
they depicted nine emotional intensities of the expressions
of happiness, disgust and fear ranging from 10 to 100%.
Each stimulus was presented for 400ms and then completely
blocked in black for 1,600ms. The participants were asked to
discriminate the target emotion observed on the depicted faces
(happiness, disgust, fear, or neutral). Then, they should press
the corresponding button on a response system with their index
finger. This system consisted of four buttons – one for each of
the presented emotions. One of the two buttons for the left hand
should be pressed when either a neutral or a happy face is shown,
while one of those for the right hand should be pressed when
either the emotion disgust or fear is recognized. An interstimulus
interval (ISI) was presented as a blank screen over a duration
which was randomly chosen to range from 3 to 8 s and was
used as implicit baseline in this paradigm. The entire experiment
consisted of two sessions of 66 trials each, for a total of 132 trials.
Each session lasted 9min. Between the two sessions, participants
had a 1-min break in the scanner. The facial stimuli depicting
the neutral face was presented in 12 trials in total while each
of the three emotions was presented 40 trials each. To allow
the participants to get familiar with the buttons on the response
system, all participants practiced this emotion recognition task
on a laptop for 10min. E-prime 2.0 software (Schneider et al.,
2002) was used to control the experimental stimuli presentation
and behavioral data recording, including the reaction times and
accuracy of judgements.

Participants’ performance during the emotion recognition
task was assessed by reaction time (RT; for both hits and
correct responses), sensitivities and specificities. Sensitivity is the
ability of the participants to correctly identify the facial emotion.
Specificity is the ability of the participants to correctly reject
false emotions in the depicted faces. Sensitivity measures the
relative portion of correctly identified facial emotions in a given
emotional category and was calculated as follows:

number of trials in which a certain emotion has correctly been recognized

number of all trials depicting this certain emotion
.

Specificity measures the relative portion of correct rejections
of emotions that are not depicted in the shown faces and was
calculated as follows:

number of trials in which a certain emotion has correctly been rejected

number of all trials depicting another emotional category
.′′

Data Analysis
Analysis of Behavioral and Clinical Data
The sociodemographic, behavioral and psychopathological data
were analyzed by using SPSS 20.0 (IBM Corp. Released 2011).
We tested for group differences between NHS-UHR and the
CG regarding sociodemographic data. By using an analysis of
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covariance (ANCOVA) with the covariates age and gender, we
analyzed group differences in behavior during the facial emotion
recognition task. To compensate for the accumulation of type I
errors resulting from 12 consecutive significance tests, we used
the Bonferroni correction and adjusted our initial significance
threshold α = 0.05 to αadj = α/12= 0.0042.

Analysis of the MRI Data and Correlations Between

Extracted Significant Voxelclusters and Prodromal

Symptoms
The single-subject analysis and group analysis were based on
a general linear model (GLM). The hemodynamic response
triggered by the four conditions (neutral, happy, disgust,
and fear) and the subsequent emotional recognition was
modeled with a canonical hemodynamic response function
(HRF). The intensities of the emotions were entered as a
parametric modulator. The realignment parameters were added
as multiple regressors in the single-subject GLM. The high-
pass filter was set to 128 s to remove low-frequency signal
drifts. Parameter estimates (b) and T-statistic images for each
condition contrasting implicit baselines were calculated for each
subject and extracted for the second-level analyses. The group
analysis was conducted by entering the parametric estimates
under each condition of each group into a flexible factorial
analysis. Consistent with the hypothesis that UHR may present
overactivity compared to the control group in general facial
emotion processing regardless of the emotional categories, t-
contrasts (NHS-UHR > CG, p < 0.05, FWE-corrected, k =

0) were conducted across all four conditions (neutral + happy
+ fear + disgust). Additionally, we aimed to investigate group
differences between NHS-UHR and the CG regarding brain
activation when they are processing each emotion category
(neutral, happy, fear, disgust) compared to the aforementioned
implicit baseline (ISI) using the again the aforementioned
statistical procedure (t-test, NHS-UHR > CG, p < 0.05, FWE-
corrected, k = 0). Then, we defined contrasts for each emotional
category vs. neutral face to investigate the group differences in
emotional processing. As our previous brainmorphological study
involving NHS-UHR reported reduced cortical complexity in the
STG compared to the CG (Hou et al., 2020), we created a mask of
the left STG using the SPM12 toolbox Wake Forrest University
(WFU)-Pickatlas (Maldjian et al., 2003).

Next, the eigenvariates of the significant clusters in the STG
were extracted using the VOI-function in SPM12, and Pearson’s
correlations were conducted to determine whether the significant
clusters were related to the items from the SIPS measuring
prodromal positive symptoms and negative symptoms.

RESULTS

Sample, Sociodemographic
Characteristics, and Behavioral Results
All in all, 8,404 undergraduate students were screened from two
consecutive school years (n (first cohort) = 4,040; n (second
cohort) = 4,364). 77.3% (3,121) PQ-16 questionnaires were
returned from the students in the first school year. Of these
participants, 71 reported scores above the cut-off. After the

following SIPS interview, 29 participants met the criteria for
being at UHR. One year later, we reassessed these NHS-UHR
using the SIPS to screen the participants for the fMRI experiment.
One participant was diagnosed with bipolar disorder, and nine
other participants no longer presented ultra-high-risk symptoms.
Only 10 participants still met the criteria for UHR status after the
SIPS and participated in our fMRI experiment.

Regarding the second cohort of undergraduate students, we
sent 4,364 PQ-B questionnaires and received 3,498 (80.2%)
completed questionnaires. In total, 1,364 (39%) students scored
above this cut-off. We again used the SIPS interview to more
deeply screen the UHR status, and 16 participants (1.2%) were
identified as NHS-UHR. Fourteen of these NHS-UHR from the
second cohort completed the fMRI experiment, the other two
dropped out of the study due to a lack of motivation to undergo
an MRI scan.

In total, 51 participants completed the fMRI experiment; four
participants were excluded due to excessive head movement
(≥3mm). There were no significant differences in head motion
across both groups (t(df=42) =−0.486, p= 0.63). After analyzing
the behavioral data, three participants were excluded because of
a low response rate which was defined as a response rate <80%.

In our final fMRI analysis, 44 participants were included,
including 21 NHS-UHR (15 males, 6 females; M(age) = 19.48,
SD = 0.13) and 23 controls (14 males, 9 females; age = 20.39,
SD= 0.25).

Sociodemographic information and descriptive statistics
of the SIPS scores are shown in Table 1. We found no
significant differences between the NHS-UHR participants and
healthy controls in gender, handedness and ethnicity, i.e.,
belonging to the Han ethnicity [ethnical group consisting
of 1.4 billion Chinese people that make up about 92% of
the Chinese population (Wen et al., 2004)] vs. belonging to
another Chinese ethnicity (see Table 1). However, the groups
significantly differed in age (NHS-UHR: M = 19.48, SD =

0.6; CG: M = 20.39, SD = 1.2; F = 9.972, p = 0.003,
d = 0.976).

When comparing the GAF scores in our NHS-UHR group
(M = 75.38; SD = 9.119; minimum = 64) to the mean
GAF value in UHR from another student population [Fusar-
Poli et al., 2010; mean (GAF) = 57] using a one-sample t-
test, it differed significantly from the reported mean [t(df=20)

= 9.237; p < 0.001]. Additionally, the GAF score in NHS-
UHR group in this study was significantly lower than the mean
GAF in the general population in the UK reported in another
study [Hui et al., 2013; M(GAF in the general population)
= 86.6, SD = 3.8; t(df=20) = −5.64; p < 0.001] and the
mean GAF in the general rural Chinese population [Jia and
Zhang, 2012; M(GAF) = 89.19, SD = 7.18; t(df=20) = −6.94;
p < 0.001].

In the emotion recognition task, there were no significant
differences in accuracy, RT and sensitivity. Although specificity
for the emotions happiness, disgust and fear did not differ among
the groups (see Figure 1) NHS-UHR participants presented
higher specificity when recognizing neutral emotions [F = 4.92,
p = 0.03, effect size (η2) = 0.11]. However, this effect did not
survive Bonferroni correction.
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TABLE 1 | Sociodemographic characteristics and clinical symptoms in high-functioning high-risk psychosis (NHS-UHR) and control group (CG).

NHS-UHR CG

(n = 21) (n = 23)

mean SD mean SD F/χ2 p

Age (year) 19.48 0.6 20.39 1.2 9.972 0.003*

Gender (M/F) 15/6 14/9 0.545 0.46

Handedness (R/L) 20/1 20/3 0.911 0.34

Ethnicity (Han/another Chinese ethnicity) 18/3 19/4 6.95 0.224

SIPS

Positive symptoms 6.95 3.217

Unusual thought Content/delusional ideas 2.00 1.000

Suspiciousness/persecutory ideas 1.86 1.315

Grandiosity 0.67 0.796

Perceptual Abnormalities/hallucinations 2.29 1.617

Disorganized Communication 0.38 0.590

Negative symptoms 5.19 5.046

Social anhedonia 1.57 1.363

Avolition 1.05 1.465

Expression of emotion 0.81 0.981

Experience of emotions and self 0.86 1.062

Ideational richness 0.33 0.658

Occupational functioning 0.57 0.811

Disorganized symptoms 2.62 2.559

Odd behavior and appearance 0.19 0.512

Bizarre thinking 0.57 0.870

Trouble with focus and attention 1.57 1.287

Personal hygiene 0.29 0.717

General symptoms 3.57 3.458

Sleep disturbance 1.05 1.359

Dysphoric mood 1.19 0.981

Motor disturbance 0.57 0.978

Impaired tolerance to normal stress 0.76 1.044

GAF 75.38 9.119

*p < 0.05. SIPS, semi-structured interview for prodromal symptoms; GAF, Global Assessment of Functioning Scale; CD-RISC, Connor-Davidson resilience scale.

fMRI Whole-Brain Comparisons
General Facial Emotion Processing (Contrasts:

NHS-UHR vs. CG for Neutral + Happy + Disgust +

Fear > ISI)
Compared to the CG, the NHS-UHR showed significant
hyperactivities in the left and right postcentral gyrus, left Heschl’s
gyrus, which extended to the left insula, pallidum, inferior frontal
gyrus and STG, right operculum, middle occipital lobe, left
middle frontal gyrus and precentral gyrus, right superior parietal
gyrus and middle cingulum (p < 0.05, FWE-corrected). We
found no significant hypoactivities in the NHS-UHR compared
to the CG. The results are presented in Table 2 and Figure 2.

Facial Emotion Recognition vs. Baseline (Contrasts:

Happy vs. ISI; Disgust vs. ISI, Fear vs. ISI and Neutral

> ISI vs. ISI × NHS-UHR vs. CG)
There were no significant group differences at the set
statistical thresholds.

Facial Emotion Recognition (Contrasts: Happy vs.

Neutral; Disgust vs. Neutral and Fear vs. Neutral > ISI

× NHS-UHR vs. CG)
No significant differences were found between NHS-UHR and
the CG in any specific contrast (happy, disgust, and fear) after
applying FWE-correction.

Correlations Between the Left Superior Temporal

Gyrus and Positive and Negative Symptoms
Functional activity in the left STG in NHS-UHR across all
emotions (first contrast, i.e., NHS-UHR vs. CG for neutral +
happy + disgust + fear > ISI) was significantly correlated with
one item from the SIPS measuring negative symptoms, namely
the ability to experience emotions (r = −0.459, p = 0.036). We
did not find any other correlations between the other negative
symptoms or positive symptoms measured with the SIPS and the
extracted functional activity in the STG. Functional activations
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FIGURE 1 | Group comparisons of accuracy, sensitivity, specificity and reaction time during happy, neutral, disgust and fear emotion recognition between UHR and

control group.

in the contrasts neutral + happy + disgust + fear > ISI (NHS-
UHR > CG) were also not correlated with neither positive nor
negative symptomsmeasured with the SIPS. The aforementioned
significant correlation would not survive correction for multiple
testing (eleven consecutive tests).

DISCUSSION

In this fMRI study, we aimed to explain previous heterogenous
results on facial emotion recognition in UHR by focusing on a
subgroup within the broad UHR spectrum, namely NHS-UHR.
We show that NHS-UHR do not show any behavioral deficits
compared to a CG, but higher specificity when recognizing
emotionally neutral facial expressions. NHS-UHR demonstrated
hyperactivities in the superior temporal and left Heschl’s gyrus
as well as in the somatosensory, insular and midcingulate cortex
during facial emotion recognition. Functional activity in the
STG in NHS-UHR was negatively correlated with the severity of
negative symptoms in NHS-UHR.

Our first main finding is that, at a behavioral level,
NHS-UHR perform very similar to healthy controls when
recognizing facial emotions. Empirical evidence from studies
investigating behavioral performance during facial emotion

recognition in UHR has been mixed (Lee et al., 2015; van
Donkersgoed et al., 2015). In a case-control study involving
high-functioning schizophrenia patients and healthy subjects
no behavioral group differences were found during facial
emotion perception (Karpouzian et al., 2017). Another study
(Palmer et al., 2018) using an affective face matching task
(Hariri et al., 2000) in order to investigate one high-
functioning schizophrenia patient showed that this patient
performed better than other non-high-functioning patients with
schizophrenia and similar to a non-psychiatric control group.
It is important to emphasize that deriving conclusions from
a study investigating only one subject, thus not having a
basis for generalization, remains highly speculative. However,
summarizing all these study results, we speculate that within the
psychosis spectrum, a phenotype that exhibits high community
functioning may perform better in facial emotion perception
(and potentially shows better neuropsychological functioning
in other cognitive domains) than other UHR or schizophrenia
patients. Consistent with this notion, a previous study found
that real-life functioning in UHR is strongly related to the
processing speed of social cognitive information (Glenthøj,
2018) and discussed these findings from the perspective of a
disruption of the more automatic/effortless processes in normal
emotion recognition in UHR. In line with this interpretation,
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TABLE 2 | Whole brain analysis of functional hyperactivations in high functioning individuals at ultra-high risk for psychosis compared to control group during general

facial emotion recognition.

MNI coordinates

Cluster size k Anatomic region according to the AAL x y z t p Extension according to the AAL Cluster size

1,011 Right postcentral gyrus 9 −4 41 7.8 <0.001 Right supramarginal gyrus 208

Left precentral gyrus 158

Left precentral gyrus 148

Left midcingulate cortex 128

Right midcingulate cortex 108

Right supplementary motor area 103

593 Left Heschl’s gyrus −48 −10 5 7.56 <0.001 Left insula 132

Left pallidum 108

Left inferior frontal gyrus 90

Left postcentral gyrus 80

74 Right rolandic operculum 51 −1 5 7.36 <0.001 Right insula 44

Right superior temporal gyrus 24

59 Right rolandic operculum 51 −22 23 6.9 <0.001 Right rolandic operculum 29

Right insula 17

22 Right middle occipital gyrus 30 −70 38 6.06 <0.001 Right middle occipital gyrus 15

65 Right middle frontal gyrus 42 23 32 5.9 <0.001 Right inferior frontal gyrus 51

21 Left precentral gyrus −36 −16 65 5.73 <0.001

18 Right superior parietal gyrus 39 −46 59 5.63 <0.001

51 Left middle frontal gyrus −30 −4 53 5.54 0.001 Left superior frontal gyrus 22

6 Left middle cingulate gyrus −9 −40 41 5.45 0.001

8 Left middle frontal gyrus −39 29 32 5.19 0.003

29 Left postcentral gyrus −30 −37 68 5.18 0.003

8 Left postcentral gyrus −48 −25 59 5.16 0.004

Cluster labeling was executed using the automated anatomic atlas (AAL; Tzourio-Mazoyer et al., 2002). Coordinates are shown in MNI space.

FIGURE 2 | Whole brain analysis of high functioning ultra-high risk psychosis (NHS-UHR) > control group (CG) for the contrast: neutral+happy+disgust+fear during

the face emotion recognition task (p < 0.05, FWE-corrected). The color bar represents t-values ranging from 0 to 8. The left picture displays a significant peak at

51/-1/5 (MNI Space) of a cluster ranging over the right superior temporal cortex and the left insula [Cluster labeling was executed using the automated anatomic atlas

(AAL; Tzourio-Mazoyer et al., 2002)]. The left image was created with the section view provided by SPM12 and as a template the volumetric image single_subj_T1.nii

based on the study by Holmes et al. (1998). The right image was created using render view (render_single_subj.mat) which is also provided by SPM12.
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our study results show no differences in reaction times
across groups.

We found bilateral hyperactivations in the STG. This finding
is in line with a study on youth with psychosis spectrum
symptoms investigating brain activity during an emotional
processing task (Wolf et al., 2015). The STG is part of
the essential face processing network and contributes to the
integration of multisensory emotional stimuli in consideration
of experience and social knowledge (Terasawa et al., 2013;
Pehrs et al., 2014). It plays a key role in recognizing
nonverbal social cues and in inferring the intentions of
others (Ochsner, 2008). Multiple studies have shown that
the morphology of the STG is multimodally changed in
UHR, including gray matter volumes (Ding et al., 2019),
white matter integrity (Vijayakumar et al., 2016) and cortical
folding (Hou et al., 2020). It has been suggested that clinical
high risk for psychosis may result from dysfunctions in
medial temporal (and frontotemporal) regions due to increased
excitatory neurotransmission which could eventually lead
to dopamine dysregulation, aberrant salience and delusional
ideation (Allen et al., 2019).

In our exploratory analysis, functional activity in the left
STG was significantly negatively correlated with deficits in
experiencing emotions in general when not correcting for
multiple testing. While functional activities in these regions
were previously interpreted as a potential pathological feature
(Kozhuharova et al., 2020), this finding could also mean that
they might represent a compensatory process that supports
the preservation of facial emotion recognition by reducing
deficits in experiencing emotion in NHS-UHR. There were
no other associations between the functional activity in the
left STG and positive symptoms in NHS-UHR, indicating
that this anatomical region may play a specific role in
the ability of UHR to experience emotions. These findings
may inspire early interventions for individuals at high risk
for psychosis that target the left STG. It has already been
shown that different forms of psychotherapy are able to affect
brain activation in patients with schizophrenia (Kumari et al.,
2011,Barsaglini et al., 2014).

Other hyperactivations we found in this study that involve
brain areas that play an important role in facial emotion
recognition include the insula, the cingulate cortex and the
somatoform cortex. The insula is a subcortical brain region
which contributes to processing emotional information (Fusar-
Poli et al., 2009; Shepherd et al., 2012) and to the representation
of current social contexts and also to the integration of affective
and cognitive processes (Berntson et al., 2011). Its function helps
making social decisions in uncertain situations considering social
emotional information (Lamm and Singer, 2010). Cingulate
cortices are involved in integrating emotional information to
motivate behavior, conditioned emotional learning (Bush et al.,
2000; Phan et al., 2002). The supramarginal gyrus and the
operculum are parts of the secondary somatosensory cortex. It
has been shown that the perception of facial emotions might
depend on the somatosensory representation relating to this
emotion (Hoekert et al., 2008). While the aforementioned brain

areas also showed hyperactivations during emotion processing
in some other studies on individuals at high risk for psychosis
[insula (Modinos et al., 2015), cingulate cortex tasks (Derntl
et al., 2015; van der Velde et al., 2015), somatosensory cortices
(Gee et al., 2012; Kozhuharova et al., 2020)] many other
studies were not able to replicate these findings (Kozhuharova
et al., 2020; Lukow et al., 2021). These inconsistencies might
in part be a result from heterogeneity of samples included
in these studies. For example, it is unclear which portions of
the samples will transition to frank psychosis. Additionally,
UHR usually have another axis I disorder (Fusar-Poli et al.,
2012b; Shi et al., 2017) which are associated with functional
brain activity changes during facial emotion processing (Bourke
et al., 2010), often use psychopharmacological medication that
can affect brain activity (Paulus et al., 2005; Murphy et al.,
2009) and, due to the current conceptualization of being at
high risk for psychosis, there are different diagnostic criteria
that can be fulfilled that can also be concurrent in order to
be considered an UHR. This work can help to disentangle
these effects by including a specific homogeneous sample
that was also carefully screened to ensure absence of other
mental disorders and psychopharmacological medication in
all participants.

One major focus of this study was the investigation of
behavioral and neural correlates of neutral facial emotion
recognition. While there was a statistically significant effect
suggesting that NHS-UHR show higher specificity compared to
CG when recognizing neutral facial emotions (p = 0.03; note
that this effect did not survive Bonferroni-correction), we did
not find any differences in brain activation between these two
groups (in contrast to other sudies on UHR: Seiferth et al.,
2008; Modinos et al., 2015; van der Velde et al., 2015). There
is empirical evidence that both UHR (van Rijn et al., 2011)
and schizophrenia patients (Kohler et al., 2003) label neutral
facial expressions as negatively valanced compared to healthy
controls. According to psychological models of psychosis, these
misinterpretations of neutral emotions as threatening could
impact on the development of positive psychotic symptoms
(Garety et al., 2007). Another study (Allott et al., 2014) suggests
that neutral facial emotion recognition abilities could be used
as a prognostic marker for transition into psychosis since
converters mislabelled neutral faces as fearful after controlling
for symptoms, functioning and age. In the context of these
findings, the results from the present study might stimulate
further research on whether the correct identification of
neutral facial emotion acts as a protective factor that preserves
functioning levels and, potentially, prevents transition into
frank psychosis.

LIMITATIONS

There are some limitations that should be considered. Despite
the first screening of a large cohort of University students,
our sample size remains rather low, which limits the statistical
power of our analyses and our ability to detect potential
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behavioral or neurofunctional differences between the NHS-
UHR and the CG. Using G∗Power (version 3.1.9.6; Faul et al.,
2007), we computed a sensitivity analysis (i.e., the population
effect size is calculated as a function of α, 1-β and N) in
order to determine the minimal detectable effect (MDE) when
conducting a two sample t-test with our data, i.e., what level
of effect we can find given our sample size (n1= 21 and
n2= 23) and a set type I error probability of α = 0.05 and
a set power (1- p(β) of 0.8. The estimated critical t-value
required for detecting significant effects with our sample size
is t = ±2.02 with a minimum effect size d = 0.87. Next,
we interpreted a null result as empirical evidence for our first
hypothesis which could be the mistaken acceptance of an actually
false null hypothesis (type II error) e.g., due to the lack of
statistical power which would have been necessary in order
to detect existent group differences. Also, since we were only
investigating a student population from an elite University,
the generalisability of our results is limited. In addition, the
use of such a population, despite complete anonymisation
of the data, raises the question of whether the participants
answered less honestly, since their data were analyzed by
researchers from the University at which they themselves study
and stigma-related stress. Since functioning is a complex, multi-
dimensional construct, future studies should investigate which
aspects primarily shape group differences as well as similarities
reported in this study. Future fMRI studies on this topic
should explore general face processing by conducting a gender
discrimination task to isolate the neuroactivities involved in face
emotion processing on the one hand and emotion processing on
the other.

CONCLUSION

Our results demonstrate that the ability to recognize facial
emotions is preserved in NHS-UHR. This perseveration
was accompanied by hyperactivities in the premotor cortex,
somatosensory cortex, the temporoparietal-occipital visual
network, the insula and the STG which play an important
role in facial emotion recognition. Our study may inspire
future early intervention and provide loci for treatment using
neural stimulation.
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