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Introduction: Schizophrenia (SCZ) is a complex neurodevelopmental disorder 
characterised by functional and structural brain dysconnectivity and disturbances 
in perception, cognition, emotion, and social functioning. In the present study, we 
investigated whether the microstructural organisation of the uncinate fasciculus 
(UF) was associated with emotion recognition (ER) performance. Additionally, 
we investigated the usefulness of an unbiased hit rate (UHR) score to control for 
response biases (i.e., participant guessing) during an emotion recognition task (ERT).

Methods: Fifty-eight individuals diagnosed with SCZ were included. The 
CANTAB ERT was used to measure social cognition. Specific ROI manual tract 
segmentation was completed using ExploreDTI and followed the protocol 
previously outlined by Coad et al. (2020).

Results: We found that the microstructural organisation of the UF was 
significantly correlated with physical neglect and ER outcomes. Furthermore, 
we found that the UHR score was more sensitive to ERT subscale emotion items 
than the standard HR score. Finally, given the association between childhood 
trauma (in particular childhood neglect) and social cognition in SCZ, a mediation 
analysis found evidence that microstructural alterations of the UF mediated an 
association between childhood trauma and social cognitive performance.

Discussion: The mediating role of microstructural alterations in the UF on 
the association between childhood trauma and social cognitive performance 
suggests that early life adversity impacts both brain development and social 
cognitive outcomes for people with SCZ. Limitations of the present study include 
the restricted ability of the tensor model to correctly assess multi-directionality 
at regions where fibre populations intersect.
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Introduction

Schizophrenia

Schizophrenia (SCZ) is a complex and debilitating 
neurodevelopmental disorder characterised by positive (i.e., 
hallucinations and delusions), negative (i.e., flat affect and avolition), 
and cognitive symptoms (i.e., memory impairment and social 
cognition deficits) (Mueser and McGurk, 2004; Tripathi et al., 2018; 
Correll and Schooler, 2020; McCutcheon et al., 2023). SCZ poses a 
significant risk to a person’s functional, occupational, social, 
psychological, and life outcomes, i.e., mortality rates (Lepage et al., 
2014; Davis et al., 2016; Correll et al., 2022). Meta-analytic evidence 
suggests that across the lifespan, positive symptoms tend to vary over 
time, negative symptoms generally persist, cognitive impairments 
remain consistent and often predate illness onset, and declines in both 
grey and white matter (WM) volume are evident relative to controls 
(Lepage et al., 2014; Heilbronner et al., 2016).

Key areas of interest in the aetiology of SCZ are the influence of 
genetics, including the dopamine receptor genes DRD2 and DISC1, 
environment, i.e., psychosocial stressors, gene–environment 
interactions, and the timing of these interactions (Gejman et al., 2011; 
He et al., 2016; Dahoun et al., 2017; Torrey and Yolken, 2019; Wahbeh 
and Avramopoulos, 2021). Hilker et al. (2018) found concordance 
rates of up to 40% for monozygotic (MZ) twins, leaving the remaining 
60% potentially attributable to environmental components (Prescott 
and Kendler, 1995; Kringlen, 2000) such as cannabis use, childhood 
trauma, ethnic density, and related psychosocial stressors such as 
social inequality (Krabbendam and van Os, 2005; Veling et al., 2008; 
Bourque et al., 2011; Shaw et al., 2012; Popovic et al., 2019; Correll and 
Schooler, 2020). As for the impact of childhood trauma, it has been 
associated with poorer social cognitive outcomes such as impaired 
emotion recognition (ER) in several psychiatric conditions such as 
SCZ (Garcia et al., 2016; Rokita et al., 2018). However, the Childhood 
Trauma Questionnaire (CTQ) facet of physical neglect has been most 
strongly associated with impairments in cognition in patients with 
SCZ (Vaskinn et al., 2020; King et al., 2021; Rokita et al., 2021). The 
complex interaction of the above key areas has been considered 
through the diathesis-stress model, which proposes that certain 
individuals are at a higher risk of developing a mental health condition 
due to genetic predisposition combined with exposure to 
environmental stressors (Walker and Diforio, 1997). Whereas the 
timing of these complex interactions has been considered through a 
‘multiple-hit’ theory that has been variously articulated, exposure to 
environmental stressors during critical neurodevelopmental windows 
may disrupt and alter later brain maturation processes in those 
genetically susceptible (Davis et al., 2016; van der Meer et al., 2022).

White matter abnormalities in 
schizophrenia

Alterations in WM have been robustly reported in individuals 
with SCZ (Kubicki et al., 2005), with extensive decreases found in 
projection, commissural, and association WM tracts (Kelly et  al., 
2018). The uncinate fasciculus (UF) is a long-range WM association 
tract of the brain, connecting the medial orbitofrontal cortex with the 
anterior temporal lobes (Gilchrist and Thompson, 2021). The UF is 

essential for several processes such as episodic memory, language, 
visual associative learning, and social and emotional functioning (Von 
Der Heide et al., 2013; Olson et al., 2015; Ben-Soussan et al., 2020; 
Catani, 2022; Semenza, 2022). In a large-scale meta-analytic study of 
four separate psychiatric conditions, reductions in fractional 
anisotropy (FA) of the UF tract were found to be specific to people 
with SCZ (Koshiyama et al., 2020). The UF has also been linked to 
mentalising and ER, a deficit that is found in people with SCZ (Coad 
et al., 2020; Zhao et al., 2021). UF tract abnormalities have also been 
directly associated with social and emotional impairments in children 
with autism spectrum disorder (ASD) (Li et al., 2019).

Social cognition in schizophrenia

Social cognition is a broad concept that refers to the ability to 
assess and recognise facial expressions and emotions, to observe 
others for social referencing and cues, empathy, and theory of mind, 
e.g., the ability to understand what others may be thinking and/or 
feeling and social context (Leslie et al., 2004; Frith, 2008). Research 
has demonstrated that worse performance during an emotion 
recognition task (ERT), specifically for neutral expressions, predicted 
the transition to psychosis in people at ultra-high-risk for psychosis 
(Allott et al., 2014; Davis et al., 2016).

Emotion recognition task scores provide a ‘total hit rate’ (HR) 
representing the total amount of correct responses, i.e., the participant 
selects ‘angry’ when an angry face is presented; however, the use of this 
total score may misrepresent accurate scores for participants who may 
be guessing their responses, i.e., the participant selects angry for every 
trial, therefore achieving 100% accuracy for the anger subset (Wagner, 
1993). The unbiased hit rate (UHR) accounts for some response biases 
(i.e., single-item strategizing or guessing) that consider the number of 
correct answers for the target emotion, the number of times the target 
emotion appeared, and the total number of times the participant 
selects the target emotion as an answer (both correct and incorrect 
answers) (Wagner, 1993; Griffiths et al., 2015). As individuals with 
SCZ present with ER deficits, and it has been shown to be associated 
with clinical symptoms, the UHR may be more fruitful than a regular 
HR for assessing the true extent of an ER deficit (Wagner, 1993; Kohler 
et al., 2010; Davis et al., 2016).

Uncinate fasciculus and emotion 
recognition

Previous research has demonstrated links between FA of the UF 
and social cognitive domains such as ER in typical control or ‘healthy’ 
participants (Anderson et al., 2015; Unger et al., 2016; Coad et al., 
2020). Coad et al. (2020) investigated ER correlates with UF FA in 86 
self-reported healthy participants and reported significant moderately 
positive correlations between FA of the right UF and emotional 
(p = 0.003, r = 0.416), but not neutral facial expression (p = 0.074, 
r = 0.227) recognition. Furthermore, FA of the right UF showed 
significant moderate positive correlations with positive valanced items 
(p = 0.005, r = 0.422) but not negative valanced items (p = 0.093, 
r = 0.263) (Coad et al., 2020). In a study involving 49 healthy preschool 
children, Anderson et  al. (2015) reported significant positive 
correlations between FA of the left UF and performance on a mental 
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state inference test in 4-year-old’s (p < 0.01, r = 0.63) but not in 6-year-
old’s (p = 0.68, r = 0.08). Conversely, one study by Unger et al. (2016) 
involving 28 neurologically healthy participants found non-significant 
relationships between UF FA and individual variations in ER 
performance. Moxon-Emre et al. (2019) investigated ER performance 
in 36 children treated for posterior fossa (PF) tumours and 16 healthy 
controls. They found that FA in the left UF correlated with and 
predicted greater ER performance, but only in healthy participants 
(p < 0.05, r > 0.63). In adults following glioblastoma surgery, it has been 
reported that lower FA in the right UF was significantly and positively 
correlated with lower ER performance post-surgery (Sinha et  al., 
2020). In a study of 33 individuals with moderate–severe traumatic 
brain injury (TBI), significant moderate positive correlations (r = 0.6, 
p < 0.001) were also found between FA of the left UF and ER (Rigon 
et  al., 2019). Within dementia syndromes, Multani et  al. (2017) 
supported these findings in individuals with primary progressive 
aphasia (PPA), reporting significant moderate positive correlations 
(r = 0.50, p = 0.001) between FA of the right UF and ER performance. 
A further study involving 16 patients with amnestic mild cognitive 
impairment (aMCI) found significant moderate positive correlations 
between FA of the left UF and ER subscales of sadness (r = 0.536, 
p = 0.033) and surprise (r = 0.509, p < 0.044), which were 
non-significant following multi-comparison control (Fujie et  al., 
2008). Crespi et al. (2016) conducted a study including individuals 
with amyotrophic lateral sclerosis (ALS) and reported significant 
partial positive correlations (r = 0.79, p < 0.0001) between the mean FA 
of the right UF and performance on an emotional attribution story-
based task.

In contrast to this collective of findings across healthy controls, 
neurosurgical patients, and people with neurodegenerative conditions, 
Jung et al. (2020) found that reduced FA of the right UF had significant 
moderate negative correlations (r = −0.372, p = 0.017) with the social–
emotional perception of self and other in individuals with psychosis.

Both left and right UF relate to ER outcomes. However, some 
conflicting directional differences in correlation analysis findings of 
FA in the UF and ER (i.e., Jung et al., 2020; Sinha et al., 2020) suggest 
that further research is required to investigate bilateral UF FA 
associations with ER and the direction of these associations if these 
associations are lateralized to the left or right hemisphere. Moreover, 
few studies have investigated the relationship between bilateral UF FA 
and ER in individuals with SCZ, and to our present knowledge, no 
studies have investigated the utility of a UHR score in detecting ER 
deficits in individuals with SCZ.

The current study

The present study aimed to investigate the relationship between 
the UF and precise ER measurement outcomes. As above, physical 
neglect is the facet of the CTQ most associated with cognitive 
impairment in SCZ (Rokita et al., 2018, 2021; King et al., 2021), and 
so we further hypothesised that FA of the UF would both correlate 
with and predict ER outcomes and postulated that FA of the UF would 
mediate the relationship between childhood trauma, specifically 
physical neglect, and ER outcomes. The focus of ER ability is of 
interest as it is important for understanding others’ emotions and 
intentions, and deficits in this ability have been extensively linked to 
SCZ and psychotic symptoms (Gao et al., 2021). These impairments 

in individuals with SCZ may cause significant interpersonal distress 
and influence delusion formation via the misunderstanding of others’ 
intentions and the misattribution of emotions to neutral facial 
expressions in social settings, thereby contributing to the onset of 
psychotic symptoms (Blackwood et al., 2001; Davis et al., 2016; Gao 
et al., 2021). Allott et al. (2014) demonstrated that impaired ability to 
recognise neutral facial expressions predicted transition to psychosis 
in individuals at ultra-high risk for psychosis. ER impairments have 
also been associated with disorganised thinking, poorer social and 
emotional functioning, and partially aggressive behaviour in 
individuals with SCZ (Addington et al., 2006; Yildirim et al., 2018; 
Bulgari et al., 2020).

Childhood physical neglect, which ultimately signals childhood 
deprivation, is also of interest as it has been specifically linked to 
poorer cognitive performance (Üçok et  al., 2015; Li et  al., 2017; 
Mørkved et al., 2020; Vaskinn et al., 2021; Lakkireddy et al., 2022), as 
well as altered WM connectivity, including FA of the UF (Govindan 
et al., 2010; Hanson et al., 2015; Tendolkar et al., 2018). The UF is of 
interest as previous studies have shown specific links between the 
microstructural organisation of the UF and ER performance (Coad 
et  al., 2020). Furthermore, the UF has specifically demonstrated 
stronger associations with ER performance (particularly in the right 
hemisphere) when compared to a control tract, the CST (Coad et al., 
2020). Early childhood neglect has also been shown to impact the 
CST, resulting in lower FA in adolescents who experienced early 
childhood neglect (Hanson et  al., 2015). Importantly, childhood 
physical neglect may also hinder a person’s ability to accurately 
recognise basic facial emotional expressions and increase their 
likelihood of misattributing negative emotions to neutral facial 
expressions (Pollak et al., 2000). As mentioned previously, several 
studies have linked the FA of the UF to ER performance outcomes in 
various populations, with few including individuals with SCZ (Fujie 
et al., 2008; Coad et al., 2020; Jung et al., 2020). Of the studies that 
included individuals with SCZ, to our knowledge, none have assessed 
the utility of a UHR for detecting ER impairments in individuals with 
SCZ. Thus, the present study aimed to further investigate the link 
between the microstructural organisation of the UF and ER 
performance and whether physical neglect in childhood mediated this 
relationship in individuals with SCZ whilst controlling for hit rate 
(HR) bias. This study was preregistered prior to UF tract extraction 
and data analysis (AsPredicted#137730).

Methods

Ethical approval

Ethical approval was granted from the University of Galway, 
Galway University Hospitals and Tallaght Hospital Dublin Research 
Ethics Committees. All participants provided written 
informed consent.

Participants

Of the total sample recruited to iRELATE, n = 58 patients with 
SCZ, aged between 18 and 63 years, completed neuroimaging. All 
participants had a previously established clinical diagnosis of SCZ or 
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schizoaffective disorder as outlined by the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-IV; American Psychiatric 
Association, 2000). At assessment, the diagnosis was confirmed by the 
Structured Clinical Interview for DSM-IV (SCID, First and Gibbon, 
2004). Patients were recruited from outpatient hospital departments 
and mental health services in Ireland. Exclusion criteria included: 
history of an acquired brain injury; historical or comorbid 
neurological or Axis I psychiatric condition; previous significant loss 
of consciousness requiring medical attention; intellectual disability; or 
a history of substance misuse disorder 6 months prior to study 
commencement. Contraindications for undergoing MRI scanning, 
i.e., the presence of a metal implant or device, were also 
exclusion criteria.

MRI acquisition

Diffusion magnetic resonance imaging (MRI) was collected for 
this project. An initial MRI scan was completed on all participants 
before disseminating diffusion data. The standard structural MRI scan 
was completed using a 3 T Philips Achieva MR scanner. The scanner 
is located in the Centre for Advanced Medical Imaging at St. James’ 
Hospital in Dublin 8, Ireland. Each participant underwent a structural 
whole-brain MRI scan which followed a pre-determined acquisition 
sequence including three-dimensional T1-weighted images using a 
‘Fast Field Echo’ pulse sequence with a spatial resolution of 1 mm3. The 
scan ‘Repetition Time’ (TR) was 8.5 ms, and ‘Echo Time’ (TE) was 
3.9 ms. The ‘Inversion Time’ from the time elapsed between pulses was 
1,060 ms with a ‘Flip Angle’ of 80. The acquisition sequence was 
obtained in millimetres over a distance (field of view) of 
256 × 256 × 160 mm3, and the acquisition time was 7 min and 30 s in 
total. Foam padding was used to preserve a secured head position for 
the duration of the MRI scan, and participants were supplied with 
headphones to dampen noise interference.

DTI extraction

Pre-processing steps involve corrections and quality control (QC) 
steps, including eddy current echo-planar imaging corrections, which 
can both result in image distortion during diffusion imaging 
(Bodammer et al., 2004). Tensor fitting was also included as a QC step. 
The primary outcome of FA was established, and the UF and cortico-
spinal tract (CST) were extracted as the specific region of interest 
(ROI). The CST was considered in this study to act as a divergent 
validity marker, in line with previous research on UF and ER (Coad 
et al., 2020). Specific ROI manual tract segmentation was completed 
using ExploreDTI, in line with the protocol previously described by 
Coad et al. (2020) and outlined below.

Uncinate fasciculus extraction protocol

The protocol previously outlined by Coad et al. (2020) mapped 
the position of the UF based on a description from Catani and 
Thiebautdeschotten (2008). First, a SEED ROI was created on a 
coronal slice in the inferior medial area at the entrance of the UF 
into the frontal lobe, anterior to the corpus callosum. Second, two 

AND gates were created in the temporal lobes. The first AND gate 
was created on a coronal section situated anteriorly at the point 
where the temporal and frontal lobes connect. The second AND 
gate was created on an axial section aligned with the top section of 
the pons, encapsulating the location where the UF rotates around 
the Sylvian fissure. Two NOT gates were included. The first was 
created on a coronal section posterior to the pons. This gate 
encompassed the entire brain in order to remove unrelated fibres, 
such as the inferior fronto-occipital fasciculus (IFOF). The second 
NOT gate was created on a sagittal section of the brain, situated at 
the interhemispheric fissure. This NOT gate also spanned the entire 
brain to exclude irrelevant fibres from inclusion, such as the 
anterior commissure. Upon creation of the SEED, AND, and NOT 
gates, both left and right UF tracts were visually examined to assess 
the consistency of each tract with the established path of the 
UF. Furthermore, NOT gates were created to exclude irrelevant 
fibres that, upon visual examination, were discovered to 
be  inconsistent with the established path of the UF. Figure  1 
illustrates gate placement for the UF, in line with this protocol, 
using ‘SEED’ regions alongside ‘AND’ and ‘NOT’ gates.

Corticospinal tract extraction protocol

The protocol previously outlined by Coad et al. (2020) mapped 
the position of the CST based on a description from Wakana et al. 
(2007). Two AND gates were created: the first was created on an axial 
section situated above the superior colliculus and spanned the whole 
cerebral peduncle on the left or right hemisphere—in line with the 
tract being extracted. The second AND gate was created on an axial 
section spanning the location where the CST separates to travel on 
each side of the central sulcus. Following on from the UF protocol, 
NOT gates were created to exclude irrelevant fibres that were 
discovered and inconsistent with the established path of the CST.

Fractional anisotropy values are used as a measure to index water 
diffusion directionality in WM fibre tracts and were used in the 

FIGURE 1

Example reconstruction of the uncinate fasciculus (UF) from a single 
participant, in line with Coad et al. (2020). Regions of interest gates 
(ROIs) used for reconstructing each tract are shown.
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present study to assess WM microstructural organization. FA is 
sensitive to changes in biophysical tissue properties, such as alterations 
in axonal diameter, fibre density, and myelin structure (Basser and 
Pierpaoli, 2011). FA values are scaled from 0 to 1, whereby zero would 
reflect free-flowing unrestricted liquid, values greater than 0.2 signify 
tissue types such as WM, and values closer to 1 are associated with 
high levels of the microstructural organisation, such as dense major 
WM tracts in the brain.

Emotion recognition task, cambridge 
neuropsychological test automated battery

The ERT from the CANTAB is a computerised task used to measure 
the ability to identify six basic emotions, namely sadness, happiness, 
anger, disgust, surprise, and fear (Robbins et al., 1998). Participants are 
asked to choose one out of six emotions describing the emotional 
expression presented on the screen. In many studies, total accuracy or 
‘Total Hits’ is the primary outcome. This is a simple tally of correctly 
identified stimuli. The UHR is calculated for each participant, per 
emotional subtype, i.e., happy, sad, and angry, and incorporates the 
correct responses for a target emotion by a participant (i.e., the hits or 
correct response), the number of stimuli representing this emotion 
(how many times it was displayed), and the overall frequency of this 
emotion category being chosen (the number of times it was chosen, 
regardless of accuracy). The UHR has a scaled range from 0 to 1, with a 
score closer to 1 indicating whether all stimuli for a target emotion have 
been correctly identified in line with the above formula.

Positive and negative syndrome scale

The Positive and Negative Syndrome Scale (PANSS; Kay et al., 
1987) was used to assess the symptoms and severity of SCZ. The 
PANSS is a 30-item rating scale consisting of three scales: positive (7 
items), negative (7 items), and general psychopathology (16 items). 
To reflect the ‘absence’ scores, we re-scaled the Likert scale to 0–6 so 
that 0 represented ‘absent ‘and 6 ‘high’. The total scores ranged from 
0 to 42 for the positive and negative scales, 0 to 96 for the general 
scale, and 0 to 138 for the total score. Cronbach’s alpha for the PANSS 
has a range of 0.70–0.85 (Van den Oord et al., 2006).

Childhood trauma questionnaire

The experience of childhood physical neglect was measured using 
the physical neglect subscale of the CTQ (Bernstein et al., 1994). The 
CTQ is a clinically valid tool that participants complete retrospectively. 
Each subscale includes five items, and individuals are asked to respond 
whether they had experienced the event on a Likert scale ranging from 
‘1’ (‘never true’) to ‘5’ (‘very often true’). The CTQ has strong 
psychometric properties, as demonstrated in both clinical and 
non-clinical samples (Scher et al., 2001).

Statistical analysis

The present study used a within-subjects design. Analyses were 
conducted utilising the Statistical Package for Social Sciences (SPSS) 

Version 28 (SPSS Inc., IBM, New York, United States), i.e., ANOVA, 
correlation, and linear regression analysis. Hemispheric structural 
differences were assessed using an ANOVA. Pearson’s correlation 
analysis was used to determine correlations between clinical, 
cognitive, demographic, and structural data. The outcome of this 
analysis matrix was used to determine the sensitivity and usefulness 
of a standard HR score or a UHR score. Linear regression analysis was 
then used to assess whether the UF structure directly predicted 
ER outcomes.

Finally, we  carried out a left and right lateralised mediation 
analysis with physical neglect as a predictor variable, FA of the 
respective UF as a mediator, and ER as an outcome variable. The 
purpose was to determine whether childhood trauma was associated 
with UF microstructural organisation and whether that, in turn, was 
associated with social cognitive outcomes. For the purposes of 
comparative divergent validity, the CST was considered in line with 
the protocol of Coad et  al. (2020). For the mediation analyses, a 
bootstrapping approach was implemented using the SPSS macro 
PROCESS V 4.2 (Hayes, 2012). This allows for the estimation of direct 
and indirect effects by applying an ordinary least squares path analytic 
framework. The significance of indirect effects is assumed if the 95% 
confidence interval (95% CI) does not include zero. The number of 
bootstrap samples was set to n = 5,000. Standardised beta regression 
coefficients and standard errors (SEs) are presented for each effect.

Results

Demographic and clinical information

The mean age of the participants was 42.94 ± 11.13, and 63.8% 
were men. Participants had a mean PANSS total score of 38.59 ± 2.23, 
a PANSS general score of 20.53 ± 4.08, a positive score of 8.59 ± 2.23, 
and a negative score of 9.71 ± 3.82. Participants had a mean CTQ 
subscale physical neglect score of 7.69 ± 3.31.

Demographic and clinical correlates

A non-significant weak negative correlation between FA of the 
right UF and age, r = −0.280, and left UF, r = −0.200, was observed. 
The PANSS total score and FA of the left UF, r = 0.14, p = 0.341, and FA 
of the right UF, r = 0.01, p = 0.930 were not significantly related. 
Furthermore, no statistically significant relationships were found 
between FA of either UF and illness onset, illness duration, positive or 
negative symptoms, and/or the general PANSS subscale. Significant 
moderate negative correlations were also found between childhood 
physical neglect and FA of the left UF [r(50) = −0.379, p = 0.006] and 
right UF [r(50) = −0.437, p = 0.001].

Structural comparisons

Comparing the whole structure, there was no significant 
difference between the FA of the left UF and the right, and they were 
strongly correlated (r = 0.686, p ≤ 0.001). Notwithstanding, when 
bilaterally segmented into anterior and posterior UF, there was a 
significant difference when FA of the anterior regions, but not 
posterior regions, were compared (p = 0.005).
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Emotion recognition task correlates

A Pearson’s correlation analysis was conducted to determine 
relationships between the left and right UF, ERT standard HR total 
scores, and subscale emotion items (see Table  1). The results 
indicated a moderately positive correlation between the standard 
HR total score and the left UF [r(50) = 0.448, p = <0.001] and the 
right UF [r(50) = 0.451, p = <0.001]. The results for subscale 
emotion items indicated moderately positive correlations between 
the left UF and anger [r(50) = 0.358, p = 0.009], and disgust 
[r(50) = 0.312, p = 0.024]. Moderate positive correlations were also 
found between the right UF and fear [r(50) = 0.328, p = 0.017], 
surprise [r(50) = 0.395, p = 0.004], and disgust [r(50) = 0.318, 
p = 0.022].

A Pearson’s correlation analysis was conducted to determine 
relationships between the left and right UF, ERT UHR total scores, and 
subscale emotion items (see Table  1). The results indicated a 
moderately positive correlation between the UHR total score and the 
left UF [r(50) = 0.428, p = 0.002] and the right UF [r(50) = 0.420, 
p = 0.002]. The results for subscale emotion items indicated moderate 
positive correlations between the left UF and anger [r(50) = 0.443, 
p = 0.001], surprise [r(50) = 0.333, p = 0.016], and disgust [r(50) = 0.318, 
p = 0.022]. Moderate positive correlations were also found between the 
right UF and anger [r(50) = 0.368, p = 0.009], surprise [r(50) = 0.494, 
p = <0.001], and disgust [r(50) = 0.300, p = 0.031], and fear 
[r(50) = 0.312, p = 0.028].

There were no significant relationships between the HR and UHR 
total scores and the PANSS total (p > 0.05). Additionally, there were no 
relationships between PANSS subscale items and HR/UHR subscale 
items (p > 0.05).

Regression

Considering the UHR was observed to relate more than the HR 
to the microstructural organisation of the UF, linear regressions were 
conducted to determine whether FA of the UF significantly predicted 
the UHR total scores. FA of the left UF significantly predicted the 
UHR total score (β = 1.01, t = 3.32, p = 0.002), accounting for 18% of 
the variance [R2 = 0.18, F(1, 49) = 10.99, p = 0.002]. FA of the right UF 
significantly predicted UHR total score (β = 1.12, t = 3.24, p = 0.002), 
further accounting for 18% of the variance [R2 = 0.18, F(1, 49) = 10.52, 
p = 0.002]. For divergent validity, the CST was also considered, as 
above. There was no significant relationship between the UHR 
and CST.

Mediation analysis

Mediation analyses were conducted to determine the independent 
role of the left and right UF microstructural organisations in the 
relationship between childhood physical neglect and UHR. Model 1 
investigated the mediating role of the left UF, whilst Model 2 
investigated the mediating role of the right UF. There was no 
significant association found for the CST.

The results for Model 1 demonstrated a significant indirect effect 
of physical neglect on UHR ERT via FA in the left UF (βindirect = −0.1293, 
SE = 0.0599, 95% CI [−0.2552 to −0.0242]) (see Figure 2). Physical 
neglect was significantly associated with FA in the left UF 
(βdirect = −0.4130, SE = 0.020, p = 0.0026), and the left UF was 
significantly associated with UHR ERT (βdirect = 0.3131, SE = 0.3249, 
p = 0.0272). Physical neglect was significantly associated with UHR 

TABLE 1 Correlation coefficients for unbiased and total hits and subscale items.

Variable UF 
Left

UF 
Right

Total 
ERT

Happiness Sadness Fear Anger Surprise Disgust

UF Left
r

-
0.686*** 0.428** 0.182 0.262 0.260 0.443*** 0.333* 0.318*

p value <0.001 0.002 0.198 0.061 0.068 <0.001 0.016 0.022

UF Right
r 0.686***

-
0.420** 0.146 0.185 0.312* 0.368 0.494*** 0.300*

p value <0.001 0.002 0.302 0.189 0.028 0.009 <0.001 0.031

Total ERT
r 0.448*** 0.451***

-
0.629*** 0.759*** 0.589*** 0.580*** 0.701*** 0.706***

p value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Happiness
r 0.250 0.160 0.481***

-
0.468*** 0.266 0.103 0.296* 0.206

p value 0.074 0.256 <0.001 <0.001 0.062 0.477 0.033 0.143

Sadness
r 0.238 0.191 0.778*** 0.388**

-
0.282* 0.409** 0.324* 0.456***

p value 0.089 0.175 <0.001 0.004 0.047 0.003 0.019 <0.001

Fear
r 0.249 0.328* 0.559*** 0.297* 0.335*

-
0.064 0.571*** 0.196

p value 0.076 0.017 <0.001 0.032 0.015 0.662 <0.001 0.173

Anger
r 0.358** 0.274 0.570*** 0.152 0.327* 0.060

-
0.240 0.483***

p value 0.009 0.050 <0.001 0.281 0.018 0.671 0.094 <0.001

Surprise
r 0.246 0.395** 0.507*** −0.087 0.207 0.189 0.217

-
0.431***

p value 0.079 0.004 <0.001 0.538 0.140 0.181 0.123 <0.001

Disgust
r 0.312* 0.318* 0.721*** 0.090 0.485*** 0.212 0.360** 0.333*

-
p value 0.024 0.022 <0.001 0.526 <0.001 0.131 0.009 0.016

Upper portion relates to the ERT unbiased hit rate; lower portion relates to the ERT total hits; UF, Uncinate fasciculus; ERT, Emotion recognition task; *p < 0.05; **p < 0.01; ***p < 0.001; 
Bonferroni adjusted p < 0.005.

https://doi.org/10.3389/fnbeh.2024.1302916
https://www.frontiersin.org/behavioral-neuroscience
https://www.frontiersin.org


Stevens et al. 10.3389/fnbeh.2024.1302916

Frontiers in Behavioral Neuroscience 07 frontiersin.org

ERT (βdirect = −0.2783, SE = 0.0051, p = 0.0486). The total effect of 
physical neglect on the UHR ERT was also significant (β = −0.0150, 
SE = 0.0048, p = 0.0030). This suggests that left UF FA scores partially 
mediated the relationship between physical neglect and UHR ERT 
scores, with the combined left UF and physical neglect model 
accounting for 25% of the variance in UHR ERT scores over the 18% 
directly observed within the regression.

The results for Model 2 demonstrated a significant indirect effect 
of physical neglect on UHR ERT via FA in the right UF 
(βindirect = −0.1436, SE = 0.0708, 95% CI [−0.3031 to −0.0256]) (see 
Figure 3). Physical neglect was significantly associated with FA in the 
right UF (βdirect = −0.4964, SE = 0.0017, p = 0.0002), but the right UF 
was not significantly directly associated with UHR ERT (βdirect = 0.2893, 
SE = 0.3892, p = 0.0532). The total effect of physical neglect on UHR 
ERT was significant (β = −0.0150, SE = 0.0048, p = 0.0030). This 
suggests that the right UF FA scores fully mediated the relationship 
between physical neglect and UHR ERT scores. Model 2 accounted 
for 23% of the variance in the UHR ERT scores.

Discussion

Summary of the main findings

The purpose of the present study was to investigate the relationship 
between the microstructural organisation of the UF and ER outcomes 
in patients with SCZ. Additionally, we  aimed to investigate the 
sensitivity and specificity of the UHR to control for potential response 
biases (i.e., guessing), compared to a standard HR, during the ERT 
(Wagner, 1993). Our study has three main findings. First, moderate 
negative correlations were observed between physical neglect and the 
FA of both the left and right UF tracts, independently. Second, 
moderate positive correlations between FA of both the left and right 
UF tracts and the UHR ERT were observed, in line with the literature. 
FA of both the left and right UF significantly predicted ER UHR total 

scores, where 18% of the UHR variance was accounted for by FA of 
the left and right UF. Finally, in line with the literature, our mediation 
analyses demonstrated that physical neglect in childhood was directly 
associated with UHR performance. There was a significant bilateral 
partial mediation effect for the UF on the relationship between 
physical neglect and UHR, accounting for 23–25% of the variance. 
There was no significant association found for the CST.

Implications of main findings

Primarily, we find the UHR to be a more significant predictor of 
performance over the traditional HR on the ERT, and future studies 
and clinical trials should be considered over the traditional ‘Total 
Hits’. Further to this, our analyses between the FA of the UF and 
physical neglect show significant relationships between adverse 
childhood experiences, WM microstructural organisation, and ER 
outcomes for people with SCZ. These results further build on the 
findings by Rokita et al. (2018, 2021), and support previous studies 
that demonstrated links between FA of the UF and socio-emotional 
functioning. This would further support links between FA of the UF 
and ER outside of SCZ (Li et al., 2019; Coad et al., 2020). In the 
context of SCZ and psychosis-spectrum disorders, these findings are 
particularly relevant when considering findings from Allott et al. 
(2014) who demonstrated that poorer ER performance predicted 
transition to psychosis amongst individuals at ultra-high risk of 
psychosis. In the present study, bilateral UF FA was predictive of ER 
performance, and these findings may be important when considering 
combined predictors for ultra-high-risk individuals and could be an 
avenue for future research.

Our second series of findings support the previous results from 
Coad et al. (2020), who report that structural connectivity of the UF 
tract may be  related to the ability to recognise emotion in facial 
expressions. Coad et al. (2020) reported that FA of the right UF was 
most related to emotion discrimination ability, and whilst this was not 

Left UF 
FA 

Physical 
Neglect 

UHR 
ERT 

-.4130 (.0026) 
CI = [-.0105; -.0024] 

.3131 (.0272) 
CI = [.0867; 1.3933] 

-.2783 (.0486) 
CI = [-.0247; -.0054] 

Indirect effect a*b = -.1293 [-.2552; -.0242]  

A B

C

FIGURE 2

Mediation of physical neglect, left uncinate fasciculus, and the unbiased hit rate total regression coefficients and p values for associations between 
physical neglect, FA of the left UF, and UHR total scores. Indirect effect and confidence intervals are represented by a*b.
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assessed in our study, it is an avenue for future research. This study 
shows that the UHR score may be more sensitive to capturing ERT 
subscale recognition. Although the traditional HR score positively 
correlated with 5/12 subscale emotion items, the UHR score positively 
correlated with 7/12. Additionally, anger and surprise both 
demonstrated stronger effect sizes and correlations bilaterally.

Finally, this study shows that childhood physical neglect is 
significantly associated with bilateral UF microstructural organisation. 
Furthermore, our mediation analysis shows that childhood physical 
neglect is not only directly and significantly associated with social 
cognition, but bilaterally, the UF also partially mediates the 
relationship. This outcome further supports the neurodevelopmental 
nature of SCZ in the context of the diathesis-stress model.

Strengths and limitations

The present study contributes to the literature by providing 
further evidence of the role of the UF in ER ability. Furthermore, 
we  provide a novel finding that the FA of the UF mediates the 
relationship between physical neglect and ER. A strength of this study 
is the use of the UHR score, which provided greater sensitivity to 
subscale emotion items on the CANTAB ERT (Wagner, 1993; Barnett 
et al., 2010), accounting for response biases. This study also employed 
manual tract segmentation, which is considered the gold standard, 
albeit more resource-intensive, and the sample size of our study was 
similar to other studies investigating ER and UF FA (Coad 
et al., 2020).

The use of fibre tractography methods to investigate WM 
microstructural organisation has several limitations. First, the tensor 
model can accurately assess fibre tract orientation in regions where 
fibre populations are isolated and not crossing over (Behrens et al., 
2007; Calamante, 2019). However, in regions or voxels where multiple 
fibre populations intersect, the model fails to accurately assess the 

multi-directionality of intersecting fibre populations (Calamante, 
2019). Additionally, many fibre tracts separate as they arrive at the 
cortex; therefore, the precision of fibre tractography methods may 
deteriorate at the point where WM tracts extend out into the cortex 
(Lazar, 2010). These limitations also extend to the use of FA as a 
quantitative measure of diffusion anisotropy intended to reflect fibre 
density (Mukherjee et  al., 2008; Figley et  al., 2022). For example, 
regions where various fibre populations intersect make it difficult to 
interpret and achieve precise measurements that reflect the true fibre 
density of the tract being extracted (Mukherjee et al., 2008; Figley 
et al., 2022). A potential limitation of this study is that the efficacy of 
the CTQ as a measure of childhood trauma may be impacted by the 
self-report and retrospective nature of the measure (Bernstein et al., 
1994). This may facilitate response biases (MacDonald et al., 2016; 
Gayer-Anderson et al., 2020). Finally, the cross-sectional nature of the 
study did not allow longitudinal data analysis or for causal claims to 
be demonstrated or explored.

Future directions

Whilst previous studies have found that reductions in FA of the UF 
are specific to SCZ amongst other psychiatric disorders (Koshiyama 
et  al., 2020), other studies have found that UF abnormalities can 
be  directly linked to socio-emotional impairments in 
neurodevelopmental disorders such as ASD (Li et al., 2019). This may 
be due to the neurodevelopmental nature of SCZ compared to other 
psychiatric syndromes, i.e., anxiety, and future research could aim to 
compare FA across both SCZ and ASD, alongside social cognitive 
outcomes. Our study found significant differences in the FA of the 
anterior region of the UF bilaterally, and future research could also 
investigate this further in relation to clinical and cognitive outcomes. 
Finally, future studies may consider the use of a UHR total score as a 
guessing recognition paradigm to account for response biases during 
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FIGURE 3

Mediation of physical neglect, right uncinate fasciculus, and the unbiased hit rate total regression coefficients, p values, and confidence intervals for 
associations between physical neglect, FA of the right UF, and UHR total scores. Indirect effect and confidence intervals are represented by a*b.
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ERTs. Our findings demonstrated that the UHR provided greater 
sensitivity to subscale emotion items, specifically anger and surprise, 
which demonstrated the strongest correlations to each tract.

Conclusion

Our findings demonstrate for the first time that FA of the UF 
partially mediates the relationship between physical neglect and ER, 
with the model explaining 23–25% of the variance in UHR ERT 
scores. We observed structural differences between the front of the left 
UF and the front of the right UF, but not whole tract differences, 
which may have further implications for frontal syndromes, i.e., 
dysexecutive function. We found that the FA of the UF predicted UHR 
ERT performance and accounted for 18% of the variance in UHR ERT 
scores. Finally, we  demonstrated that the use of a UHR is more 
sensitive to specific subscale items on an ERT task when compared to 
a standard HR score and should be considered in future studies.

Data availability statement

The datasets presented in this article are not readily available 
because data are held in line with the study’s ethical approval. Requests 
to access the datasets should be directed to the corresponding author, 
as data are not publically available.

Ethics statement

The studies involving humans were approved by University 
Hospital Galway; Tallaght University Hospital. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. The participants provided their written informed 
consent to participate in this study.

Author contributions

MS: Conceptualization, Formal Analysis, Writing – original draft, 
Writing – review & editing. SN: Writing – review & editing. EC: 

Formal Analysis, Writing – review & editing. CE: Writing – review & 
editing. BH: Writing – review & editing. CM: Writing – review & 
editing. GD: Funding acquisition, Writing – original draft, Writing – 
review & editing. TB: Conceptualization, Formal Analysis, Writing – 
original draft, Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This study was 
funded through grants to GD from the European Research Council 
(ERC-2015-STG-677467), the Health Research Board (RL-2020-007), 
and the Science Foundation Ireland (SFI-16/ERCS/3787). MS was 
funded by a scholarship from the Galway Neuroscience Centre, 
Ireland.

Acknowledgments

The authors sincerely thank all the participants who took part in 
the study. The authors wish to extend our thanks to all current and 
previous members of the research team who contributed to collecting 
data on this project.

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
Addington, J., Saeedi, H., and Addington, D. (2006). Facial affect recognition: a 

mediator between cognitive and social functioning in psychosis? Schizophr. Res.fv 85, 
142–150. doi: 10.1016/j.schres.2006.03.028

Allott, K. A., Schäfer, M. R., Thompson, A., Nelson, B., Bendall, S., Bartholomeusz, C. F., 
et al. (2014). Emotion recognition as a predictor of transition to a psychotic disorder in 
ultra-high risk participants. Schizophr. Res. 153, 25–31. doi: 10.1016/j.schres.2014.01.037

American Psychiatric Association (2000). Diagnostic and Statistical Manual of Mental 
Disorders Fourth Edition Text Revision (DSM-IV-TR). Washington DC: American 
Psychiatric Association

Anderson, L. C., Rice, K., Chrabaszcz, J., and Redcay, E. (2015). Tracking the 
neurodevelopmental correlates of mental state inference in early childhood. Dev. 
Neuropsychol. 40, 379–394. doi: 10.1080/87565641.2015.1119836

Barnett, J. H., Robbins, T. W., Leeson, V. C., Sahakian, B. J., Joyce, E. M., and 
Blackwell, A. D. (2010). Assessing cognitive function in clinical trials of schizophrenia. 
Neurosci. Biobehav. Rev. 34, 1161–1177. doi: 10.1016/j.neubiorev.2010.01.012

Basser, P. J., and Pierpaoli, C. (2011). Microstructural and physiological features of 
tissues elucidated by quantitative-diffusion-tensor MRI. J. Magn. Reson. 213, 560–570. 
doi: 10.1016/j.jmr.2011.09.022

Behrens, T. E. J., Berg, H. J., Jbabdi, S., Rushworth, M. F. S., and Woolrich, M. W. 
(2007). Probabilistic diffusion tractography with multiple fibre orientations: what can 
we gain? NeuroImage 34, 144–155. doi: 10.1016/j.neuroimage.2006.09.018

Ben-Soussan, T. D., Marson, F., Piervincenzi, C., Glicksohn, J., De Fano, A., 
Amenduni, F., et al. (2020). Correlates of silence: enhanced microstructural changes in 
the Uncinate fasciculus. Front. Psychol. 11:543773. doi: 10.3389/fpsyg.2020.543773

Bernstein, D. P., Fink, L., Handelsman, L., and Foote, J. (1994). Childhood trauma 
questionnaire [dataset]. doi: 10.1037/t02080-000

Blackwood, N. J., Howard, R. J., Bentall, R. P., and Murray, R. M. (2001). Cognitive 
neuropsychiatric models of persecutory delusions. Am. J. Psychiatry 158, 527–539. doi: 
10.1176/appi.ajp.158.4.527

Bodammer, N., Kaufmann, J., Kanowski, M., and Tempelmann, C. (2004). Eddy 
current correction in diffusion-weighted imaging using pairs of images acquired with 
opposite diffusion gradient polarity. Magn. Reson. Med. 51, 188–193. doi: 10.1002/
mrm.10690

Bourque, F., van der Ven, E., and Malla, A. (2011). A meta-analysis of the risk for 
psychotic disorders among first- and second-generation immigrants. Psychol. Med. 41, 
897–910. doi: 10.1017/S0033291710001406

https://doi.org/10.3389/fnbeh.2024.1302916
https://www.frontiersin.org/behavioral-neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.schres.2006.03.028
https://doi.org/10.1016/j.schres.2014.01.037
https://doi.org/10.1080/87565641.2015.1119836
https://doi.org/10.1016/j.neubiorev.2010.01.012
https://doi.org/10.1016/j.jmr.2011.09.022
https://doi.org/10.1016/j.neuroimage.2006.09.018
https://doi.org/10.3389/fpsyg.2020.543773
https://doi.org/10.1037/t02080-000
https://doi.org/10.1176/appi.ajp.158.4.527
https://doi.org/10.1002/mrm.10690
https://doi.org/10.1002/mrm.10690
https://doi.org/10.1017/S0033291710001406


Stevens et al. 10.3389/fnbeh.2024.1302916

Frontiers in Behavioral Neuroscience 10 frontiersin.org

Bulgari, V., Bava, M., Gamba, G., Bartoli, F., Ornaghi, A., Candini, V., et al. (2020). 
Facial emotion recognition in people with schizophrenia and a history of violence: a 
mediation analysis. Eur. Arch. Psychiatry Clin. Neurosci. 270, 761–769. doi: 10.1007/
s00406-019-01027-8

Calamante, F. (2019). The seven deadly sins of measuring brain structural connectivity 
using diffusion MRI streamlines fibre-tracking. Diagnostics 9, 3–6. doi: 10.3390/
diagnostics9030115

Catani, M. (2022). “The connectional anatomy of the temporal lobe” in Handbook of 
Clinical Neurology, vol. 187, eds. M. Gabriele, B. Paolo and N. Vincent (Amsterdam, The 
Netherlands: Elsevier), 3–16.

Catani, M., and Thiebautdeschotten, M. (2008). A diffusion tensor imaging 
tractography atlas for virtual in vivo dissections. Cortex 44, 1105–1132. doi: 10.1016/j.
cortex.2008.05.004

Coad, B. M., Postans, M., Hodgetts, C. J., Muhlert, N., Graham, K. S., and 
Lawrence, A. D. (2020). Structural connections support emotional connections: 
Uncinate fasciculus microstructure is related to the ability to decode facial emotion 
expressions. Neuropsychologia 145:106562. doi: 10.1016/j.neuropsychologia.2017.11.006

Correll, C. U., and Schooler, N. R. (2020). Negative symptoms in schizophrenia: a 
review and clinical guide for recognition, assessment, and treatment. Neuropsychiatr. 
Dis. Treat. 16, 519–534. doi: 10.2147/NDT.S225643

Correll, C. U., Solmi, M., Croatto, G., Schneider, L. K., Rohani-Montez, S. C., 
Fairley, L., et al. (2022). Mortality in people with schizophrenia: a systematic review and 
meta-analysis of relative risk and aggravating or attenuating factors. World Psychiatry 
21, 248–271. doi: 10.1002/wps.20994

Crespi, C., Cerami, C., Dodich, A., Canessa, N., Iannaccone, S., Corbo, M., et al. 
(2016). Microstructural correlates of emotional attribution impairment in non-
demented patients with amyotrophic lateral sclerosis. PLoS One 11:e0161034. doi: 
10.1371/journal.pone.0161034

Dahoun, T., Trossbach, S. V., Brandon, N. J., Korth, C., and Howes, O. D. (2017). The 
impact of disrupted-in-schizophrenia 1 (DISC1) on the dopaminergic system: a 
systematic review. Transl. Psychiatry 7:e1015. doi: 10.1038/tp.2016.282

Davis, J., Eyre, H., Jacka, F. N., Dodd, S., Dean, O., McEwen, S., et al. (2016). A review 
of vulnerability and risks for schizophrenia: beyond the two hit hypothesis. Neurosci. 
Biobehav. Rev. 65, 185–194. doi: 10.1016/j.neubiorev.2016.03.017

Figley, C. R., Uddin, M. N., Wong, K., Kornelsen, J., Puig, J., and Figley, T. D. (2022). 
Potential pitfalls of using fractional anisotropy, axial diffusivity, and radial diffusivity as 
biomarkers of cerebral white matter microstructure. Front. Neurosci. 15:799576. doi: 
10.3389/fnins.2021.799576

First, M. B., and Gibbon, M. (2004). “The structured clinical interview for DSM-IV 
axis I  disorders (SCID-I) and the structured clinical interview for DSM-IV axis II 
disorders (SCID-II)” in Comprehensive Handbook of Psychological Assessment, vol. 2, 
eds. J. H. Mark and L. S. Daniel (Hoboken, New Jersey, United States: John Wiley & Sons, 
Inc.). 134–143.

Frith, C. D. (2008). Social cognition. Philos. Trans. Roy. Soc. B. Biol. Sci. 363, 
2033–2039. doi: 10.1098/rstb.2008.0005

Fujie, S., Namiki, C., Nishi, H., Yamada, M., Miyata, J., Sakata, D., et al. (2008). The 
role of the Uncinate fasciculus in memory and emotional recognition in amnestic mild 
cognitive impairment. Dement. Geriatr. Cogn. Disord. 26, 432–439. doi: 
10.1159/000165381

Gao, Z., Zhao, W., Liu, S., Liu, Z., Yang, C., and Xu, Y. (2021). Facial emotion 
recognition in schizophrenia. Front. Psychol. 12:633717. doi: 10.3389/fpsyt.2021.633717

Garcia, M., Montalvo, I., Creus, M., Cabezas, Á., Solé, M., Algora, M. J., et al. (2016). 
Sex differences in the effect of childhood trauma on the clinical expression of early 
psychosis. Compr. Psychiatry 68, 86–96. doi: 10.1016/j.comppsych.2016.04.004

Gayer-Anderson, C., Reininghaus, U., Paetzold, I., Hubbard, K., Beards, S., 
Mondelli, V., et al. (2020). A comparison between self-report and interviewer-rated 
retrospective reports of childhood abuse among individuals with first-episode psychosis 
and population-based controls. J. Psychiatr. Res. 123, 145–150. doi: 10.1016/j.
jpsychires.2020.02.002

Gejman, P. V., Sanders, A. R., and Kendler, K. S. (2011). Genetics of schizophrenia: 
new findings and challenges. Annu. Rev. Genomics Hum. Genet. 12, 121–144. doi: 
10.1146/annurev-genom-082410-101459

Gilchrist, C., and Thompson, D. K. (2021). “Features of white matter development in 
very preterm children from infancy to late childhood” in Factors Affecting 
Neurodevelopment, eds. R. M. Colin, R. P. Victor and R. Rajkumar (Amsterdam, The 
Netherlands: Elsevier). 335–345.

Govindan, R. M., Behen, M. E., Helder, E., Makki, M. I., and Chugani, H. T. (2010). 
Altered water diffusivity in cortical association tracts in children with early deprivation 
identified with tract-based spatial statistics (TBSS). Cereb. Cortex 20, 561–569. doi: 
10.1093/cercor/bhp122

Griffiths, S., Jarrold, C., Penton-Voak, I. S., and Munafò, M. R. (2015). Feedback 
training induces a bias for detecting happiness or fear in facial expressions that 
generalises to a novel task. Psychiatry Res. 230, 951–957. doi: 10.1016/j.
psychres.2015.11.007

Hanson, J. L., Knodt, A. R., Brigidi, B. D., and Hariri, A. R. (2015). Lower structural 
integrity of the uncinate fasciculus is associated with a history of child maltreatment and 

future psychological vulnerability to stress. Dev. Psychopathol. 27, 1611–1619. doi: 
10.1017/S0954579415000978

Hayes, A. F. (2012). PROCESS: A versatile computational tool for observed variable 
mediation, moderation, and conditional process modeling.

He, H., Wu, H., Yang, L., Gao, F., Fan, Y., Feng, J., et al. (2016). Associations between 
dopamine D2 receptor gene polymorphisms and schizophrenia risk: a PRISMA 
compliant meta-analysis. Neuropsychiatr. Dis. Treat. 12, 3129–3144. doi: 10.2147/NDT.
S118614

Heilbronner, U., Samara, M., Leucht, S., Falkai, P., and Schulze, T. G. (2016). The 
longitudinal course of schizophrenia across the lifespan: clinical, cognitive, and 
neurobiological aspects. Harv. Rev. Psychiatry 24, 118–128. doi: 10.1097/
HRP.0000000000000092

Hilker, R., Helenius, D., Fagerlund, B., Skytthe, A., Christensen, K., Werge, T. M., et al. 
(2018). Heritability of schizophrenia and schizophrenia Spectrum based on the nationwide 
danish twin register. Biol. Psychiatry 83, 492–498. doi: 10.1016/j.biopsych.2017.08.017

Jung, S., Kim, J.-H., Sung, G., Ko, Y.-G., Bang, M., Park, C.-I., et al. (2020). Uncinate 
fasciculus white matter connectivity related to impaired social perception and cross-
sectional and longitudinal symptoms in patients with schizophrenia spectrum psychosis. 
Neurosci. Lett. 737:135144. doi: 10.1016/j.neulet.2020.135144

Kay, S. R., Fiszbein, A., and Opler, L. A. (1987). The positive and negative syndrome 
scale (PANSS) for schizophrenia. Schizophr. Bull. 13, 261–276. doi: 10.1093/
schbul/13.2.261

Kelly, S., Jahanshad, N., Zalesky, A., Kochunov, P., Agartz, I., Alloza, C., et al. (2018). 
Widespread white matter microstructural differences in schizophrenia across 4322 
individuals: results from the ENIGMA schizophrenia DTI working group. Mol. 
Psychiatry 23, 1261–1269. doi: 10.1038/mp.2017.170

King, S., Holleran, L., Mothersill, D., Patlola, S., Rokita, K., McManus, R., et al. (2021). 
Early life adversity, functional connectivity and cognitive performance in schizophrenia: 
the mediating role of IL-6. Brain Behav. Immun. 98, 388–396. doi: 10.1016/j.
bbi.2021.06.016

Kohler, C. G., Walker, J. B., Martin, E. A., Healey, K. M., and Moberg, P. J. (2010). 
Facial emotion perception in schizophrenia: a meta-analytic review. Schizophr. Bull. 36, 
1009–1019. doi: 10.1093/schbul/sbn192

Koshiyama, D., Fukunaga, M., Okada, N., Morita, K., Nemoto, K., Usui, K., et al. 
(2020). White matter microstructural alterations across four major psychiatric disorders: 
mega-analysis study in 2937 individuals. Mol. Psychiatry 25, 883–895. doi: 10.1038/
s41380-019-0553-7

Krabbendam, L., and van Os, J. (2005). Schizophrenia and urbanicity: a major 
environmental influence—conditional on genetic risk. Schizophr. Bull. 31, 795–799. doi: 
10.1093/schbul/sbi060

Kringlen, E. (2000). Twin studies in schizophrenia with special emphasis on 
concordance figures. Am. J. Med. Genet. 97, 4–11. doi: 10.1002/(SICI)1096-8628(200021
)97:1<4::AID-AJMG2>3.0.CO;2-J

Kubicki, M., McCarley, R. W., and Shenton, M. E. (2005). Evidence for white matter 
abnormalities in schizophrenia. Curr. Opin. Psychiatry 18, 121–134. doi: 
10.1097/00001504-200503000-00004

Lakkireddy, S. P., Balachander, S., Dayalamurthy, P., Bhattacharya, M., Joseph, M. S., 
Kumar, P., et al. (2022). Neurocognition and its association with adverse childhood 
experiences and familial risk of mental illness. Prog. Neuro-Psychopharmacol. Biol. 
Psychiatry 119:110620. doi: 10.1016/j.pnpbp.2022.110620

Lazar, M. (2010). Mapping brain anatomical connectivity using white matter 
tractography. NMR Biomed. 23, 821–835. doi: 10.1002/nbm.1579

Lepage, M., Bodnar, M., and Bowie, C. R. (2014). Neurocognition: clinical and 
functional outcomes in schizophrenia. Can. Psychiatr. Assoc. J. 59, 5–12. doi: 
10.1177/070674371405900103

Leslie, A. M., Friedman, O., and German, T. P. (2004). Core mechanisms in ‘theory of 
mind.’. Trends Cogn. Sci. 8, 528–533. doi: 10.1016/j.tics.2004.10.001

Li, X.-B., Bo, Q.-J., Zhang, G.-P., Zheng, W., Wang, Z.-M., Li, A.-N., et al. (2017). 
Effect of childhood trauma on cognitive functions in a sample of Chinese patients 
with schizophrenia. Compr. Psychiatry 76, 147–152. doi: 10.1016/j.
comppsych.2017.04.010

Li, Y., Zhou, Z., Chang, C., Qian, L., Li, C., Xiao, T., et al. (2019). Anomalies in 
uncinate fasciculus development and social defects in preschoolers with autism 
spectrum disorder. BMC Psychiatry 19:399. doi: 10.1186/s12888-019-2391-1

MacDonald, K., Thomas, M. L., Sciolla, A. F., Schneider, B., Pappas, K., Bleijenberg, G., 
et al. (2016). Minimization of childhood maltreatment is common and consequential: 
results from a large, multinational sample using the childhood trauma questionnaire. 
PLoS One 11:e0146058. doi: 10.1371/journal.pone.0146058

McCutcheon, R. A., Keefe, R. S. E., and McGuire, P. K. (2023). Cognitive impairment 
in schizophrenia: Aetiology, pathophysiology, and treatment. Mol. Psychiatry 28, 
1902–1918. doi: 10.1038/s41380-023-01949-9

Mørkved, N., Johnsen, E., Kroken, R. A., Gjestad, R., Winje, D., Thimm, J., et al. 
(2020). Does childhood trauma influence cognitive functioning in schizophrenia? The 
association of childhood trauma and cognition in schizophrenia spectrum disorders. 
Schizoph. Res. 21:100179. doi: 10.1016/j.scog.2020.100179

https://doi.org/10.3389/fnbeh.2024.1302916
https://www.frontiersin.org/behavioral-neuroscience
https://www.frontiersin.org
https://doi.org/10.1007/s00406-019-01027-8
https://doi.org/10.1007/s00406-019-01027-8
https://doi.org/10.3390/diagnostics9030115
https://doi.org/10.3390/diagnostics9030115
https://doi.org/10.1016/j.cortex.2008.05.004
https://doi.org/10.1016/j.cortex.2008.05.004
https://doi.org/10.1016/j.neuropsychologia.2017.11.006
https://doi.org/10.2147/NDT.S225643
https://doi.org/10.1002/wps.20994
https://doi.org/10.1371/journal.pone.0161034
https://doi.org/10.1038/tp.2016.282
https://doi.org/10.1016/j.neubiorev.2016.03.017
https://doi.org/10.3389/fnins.2021.799576
https://doi.org/10.1098/rstb.2008.0005
https://doi.org/10.1159/000165381
https://doi.org/10.3389/fpsyt.2021.633717
https://doi.org/10.1016/j.comppsych.2016.04.004
https://doi.org/10.1016/j.jpsychires.2020.02.002
https://doi.org/10.1016/j.jpsychires.2020.02.002
https://doi.org/10.1146/annurev-genom-082410-101459
https://doi.org/10.1093/cercor/bhp122
https://doi.org/10.1016/j.psychres.2015.11.007
https://doi.org/10.1016/j.psychres.2015.11.007
https://doi.org/10.1017/S0954579415000978
https://doi.org/10.2147/NDT.S118614
https://doi.org/10.2147/NDT.S118614
https://doi.org/10.1097/HRP.0000000000000092
https://doi.org/10.1097/HRP.0000000000000092
https://doi.org/10.1016/j.biopsych.2017.08.017
https://doi.org/10.1016/j.neulet.2020.135144
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1038/mp.2017.170
https://doi.org/10.1016/j.bbi.2021.06.016
https://doi.org/10.1016/j.bbi.2021.06.016
https://doi.org/10.1093/schbul/sbn192
https://doi.org/10.1038/s41380-019-0553-7
https://doi.org/10.1038/s41380-019-0553-7
https://doi.org/10.1093/schbul/sbi060
https://doi.org/10.1002/(SICI)1096-8628(200021)97:1<4::AID-AJMG2>3.0.CO;2-J
https://doi.org/10.1002/(SICI)1096-8628(200021)97:1<4::AID-AJMG2>3.0.CO;2-J
https://doi.org/10.1097/00001504-200503000-00004
https://doi.org/10.1016/j.pnpbp.2022.110620
https://doi.org/10.1002/nbm.1579
https://doi.org/10.1177/070674371405900103
https://doi.org/10.1016/j.tics.2004.10.001
https://doi.org/10.1016/j.comppsych.2017.04.010
https://doi.org/10.1016/j.comppsych.2017.04.010
https://doi.org/10.1186/s12888-019-2391-1
https://doi.org/10.1371/journal.pone.0146058
https://doi.org/10.1038/s41380-023-01949-9
https://doi.org/10.1016/j.scog.2020.100179


Stevens et al. 10.3389/fnbeh.2024.1302916

Frontiers in Behavioral Neuroscience 11 frontiersin.org

Moxon-Emre, I., Farb, N. A. S., Oyefiade, A. A., Bouffet, E., Laughlin, S., Skocic, J., 
et al. (2019). Facial emotion recognition in children treated for posterior fossa tumours 
and typically developing children: a divergence of predictors. NeuroImage 23:101886. 
doi: 10.1016/j.nicl.2019.101886

Mueser, K. T., and McGurk, S. R. (2004). Schizophrenia. Lancet 363, 2063–2072. doi: 
10.1016/S0140-6736(04)16458-1

Mukherjee, P., Berman, J. I., Chung, S. W., Hess, C. P., and Henry, R. G. (2008). 
Diffusion tensor MR imaging and fiber tractography: theoretic underpinnings. AJNR 
Am. J. Neuroradiol. 29, 632–641. doi: 10.3174/ajnr.A1051

Multani, N., Galantucci, S., Wilson, S. M., Shany-Ur, T., Poorzand, P., Growdon, M. E., 
et al. (2017). Emotion detection deficits and changes in personality traits linked to loss 
of white matter integrity in primary progressive aphasia. NeuroImage 16, 447–454. doi: 
10.1016/j.nicl.2017.08.020

Olson, I. R., Heide, R. J. V. D., Alm, K. H., and Vyas, G. (2015). Development of the 
uncinate fasciculus: implications for theory and developmental disorders. Dev. Cogn. 
Neurosci. 14, 50–61. doi: 10.1016/j.dcn.2015.06.003

Pollak, S. D., Cicchetti, D., Hornung, K., and Reed, A. (2000). Recognizing emotion 
in faces: developmental effects of child abuse and neglect. Dev. Psychol. 36, 679–688. doi: 
10.1037/0012-1649.36.5.679

Popovic, D., Schmitt, A., Kaurani, L., Senner, F., Papiol, S., Malchow, B., et al. (2019). 
Childhood trauma in schizophrenia: current findings and research perspectives. Front. 
Neurosci. 13:274. doi: 10.3389/fnins.2019.00274

Prescott, C. A., and Kendler, K. S. (1995). Twin study design. Alcohol Health Res. 
World 19, 200–205.

Rigon, A., Voss, M. W., Turkstra, L. S., Mutlu, B., and Duff, M. C. (2019). White matter 
correlates of different aspects of facial affect recognition impairment following traumatic 
brain injury. Soc. Neurosci. 14, 434–448. doi: 10.1080/17470919.2018.1489302

Robbins, T. W., James, M., Owen, A. M., Sahakian, B. J., Lawrence, A. D., Mcinnes, L., 
et al. (1998). A study of performance on tests from the CANTAB battery sensitive to 
frontal lobe dysfunction in a large sample of normal volunteers: Implications for theories 
of executive functioning and cognitive aging. J. Int. Neuropsychol. Soc. 4, 474–490. doi: 
10.1017/S1355617798455073

Rokita, K. I., Dauvermann, M. R., and Donohoe, G. (2018). Early life experiences and 
social cognition in major psychiatric disorders: a systematic review. Eur. Psychiatry 53, 
123–133. doi: 10.1016/j.eurpsy.2018.06.006

Rokita, K. I., Dauvermann, M. R., Mothersill, D., Holleran, L., Holland, J., Costello, L., 
et al. (2021). Childhood trauma, parental bonding, and social cognition in patients with 
schizophrenia and healthy adults. J. Clin. Psychol. 77, 241–253. doi: 10.1002/jclp.23023

Scher, C. D., Stein, M. B., Asmundson, G. J. G., McCreary, D. R., and Forde, D. R. 
(2001). The childhood trauma questionnaire in a community sample: Psychometric 
properties and normative data. J. Trauma. Stress. 14, 843–857. doi: 
10.1023/A:1013058625719

Semenza, C. (2022). “Chapter 17—proper names and personal identity” in Handbook 
of Clinical Neurology. eds. G. Miceli, P. Bartolomeo and V. Navarro, vol. 187 (Amsterdam, 
The Netherlands: Elsevier)

Shaw, R. J., Atkin, K., Bécares, L., Albor, C. B., Stafford, M., Kiernan, K. E., et al. 
(2012). Impact of ethnic density on adult mental disorders: narrative review. Br. J. 
Psychiatry J. Ment. Sci. 201, 11–19. doi: 10.1192/bjp.bp.110.083675

Sinha, R., Dijkshoorn, A. B. C., Li, C., Manly, T., and Price, S. J. (2020). Glioblastoma 
surgery related emotion recognition deficits are associated with right cerebral 
hemisphere tract changes. Brain Commun 2, 5–7. doi: 10.1093/braincomms/fcaa169

Tendolkar, I., Mårtensson, J., Kühn, S., Klumpers, F., and Fernández, G. (2018). 
Physical neglect during childhood alters white matter connectivity in healthy young 
males. Hum. Brain Mapp. 39, 1283–1290. doi: 10.1002/hbm.23916

Torrey, E. F., and Yolken, R. H. (2019). Schizophrenia as a pseudogenetic disease: a 
call for more gene-environmental studies. Psychiatry Res. 278, 146–150. doi: 10.1016/j.
psychres.2019.06.006

Tripathi, A., Kar, S. K., and Shukla, R. (2018). Cognitive deficits in schizophrenia: 
understanding the biological correlates and remediation strategies. Clin. 
Psychopharmacol. Neurosci. 16, 7–17. doi: 10.9758/cpn.2018.16.1.7

Üçok, A., Kaya, H., Uğurpala, C., Çıkrıkçılı, U., Ergül, C., Yokuşoğlu, Ç., et al. (2015). 
History of childhood physical trauma is related to cognitive decline in individuals with ultra-
high risk for psychosis. Schizophr. Res. 169, 199–203. doi: 10.1016/j.schres.2015.08.038

Unger, A., Alm, K. H., Collins, J. A., O’Leary, J. M., and Olson, I. R. (2016). Variation 
in white matter connectivity predicts the ability to remember faces and discriminate 
their emotions. J. Int. Neuropsychol. Soc. 22, 180–190. doi: 10.1017/S1355617715001009

Van den Oord, E. J. C. G., Rujescu, D., Robles, J. R., Giegling, I., Birrell, C., Bukszár, J., 
et al. (2006). Factor structure and external validity of the PANSS revisited. Schizophr. 
Res. 82, 213–223. doi: 10.1016/j.schres.2005.09.002

van der Meer, D., Cheng, W., Rokicki, J., Fernandez-Cabello, S., Shadrin, A., 
Smeland, O. B., et al. (2022). Clustering schizophrenia genes by their temporal 
expression patterns aids functional interpretation genetics-based evidence in favor of 
the two-hit hypothesis. medRxiv [Preprint]. doi: 10.1101/2022.08.25.22279215

Vaskinn, A., Engelstad, K. N., Torgalsbøen, A.-K., and Rund, B. R. (2021). Childhood 
trauma, social cognition and schizophrenia: specific association between physical 
neglect and cognitive theory of mind in homicide offenders. Psychiatry Res. 303:114093. 
doi: 10.1016/j.psychres.2021.114093

Vaskinn, A., Melle, I., Aas, M., and Berg, A. O. (2020). Sexual abuse and physical 
neglect in childhood are associated with affective theory of mind in adults with 
schizophrenia. Schizoph. Res. 23:100189. doi: 10.1016/j.scog.2020.100189

Veling, W., Susser, E., van Os, J., Mackenbach, J. P., Selten, J.-P., and Hoek, H. W. 
(2008). Ethnic density of neighborhoods and incidence of psychotic disorders among 
immigrants. Am. J. Psychiatry 165, 66–73. doi: 10.1176/appi.ajp.2007.07030423

Von Der Heide, R. J., Skipper, L. M., Klobusicky, E., and Olson, I. R. (2013). Dissecting 
the uncinate fasciculus: disorders, controversies and a hypothesis. Brain 136, 1692–1707. 
doi: 10.1093/brain/awt094

Wagner, H. L. (1993). On measuring performance in category judgment studies of 
nonverbal behavior. J. Nonverbal Behav. 17, 3–28. doi: 10.1007/BF00987006

Wahbeh, M. H., and Avramopoulos, D. (2021). Gene-environment interactions in 
schizophrenia: a literature review. Gene 12:1850. doi: 10.3390/genes12121850

Wakana, S., Caprihan, A., Panzenboeck, M. M., Fallon, J. H., Perry, M., Gollub, R. L., 
et al. (2007). Reproducibility of quantitative tractography methods applied to cerebral 
white matter. NeuroImage 36, 630–644. doi: 10.1016/j.neuroimage.2007.02.049

Walker, E. F., and Diforio, D. (1997). Schizophrenia: a neural diathesis-stress model. 
Psychol. Rev. 104, 667–685. doi: 10.1037/0033-295X.104.4.667

Yildirim, E., Yalinçetin, B., Sevilmiş, Ş., Kutay, Ö., and Alptekin, K. (2018). Is there any 
relation between impaired emotion perception and thought disorder in schizophrenia? 
Noro Psikiyatr. Ars. 55, 118–122. doi: 10.5152/npa.2017.19277

Zhao, G., Lau, W. K. W., Wang, C., Yan, H., Zhang, C., Lin, K., et al. (2021). A 
comparative multimodal Meta-analysis of anisotropy and volume abnormalities in white 
matter in people suffering from bipolar disorder or schizophrenia. Schizophr. Bull. 48, 
69–79. doi: 10.1093/schbul/sbab093

https://doi.org/10.3389/fnbeh.2024.1302916
https://www.frontiersin.org/behavioral-neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.nicl.2019.101886
https://doi.org/10.1016/S0140-6736(04)16458-1
https://doi.org/10.3174/ajnr.A1051
https://doi.org/10.1016/j.nicl.2017.08.020
https://doi.org/10.1016/j.dcn.2015.06.003
https://doi.org/10.1037/0012-1649.36.5.679
https://doi.org/10.3389/fnins.2019.00274
https://doi.org/10.1080/17470919.2018.1489302
https://doi.org/10.1017/S1355617798455073
https://doi.org/10.1016/j.eurpsy.2018.06.006
https://doi.org/10.1002/jclp.23023
https://doi.org/10.1023/A:1013058625719
https://doi.org/10.1192/bjp.bp.110.083675
https://doi.org/10.1093/braincomms/fcaa169
https://doi.org/10.1002/hbm.23916
https://doi.org/10.1016/j.psychres.2019.06.006
https://doi.org/10.1016/j.psychres.2019.06.006
https://doi.org/10.9758/cpn.2018.16.1.7
https://doi.org/10.1016/j.schres.2015.08.038
https://doi.org/10.1017/S1355617715001009
https://doi.org/10.1016/j.schres.2005.09.002
https://doi.org/10.1101/2022.08.25.22279215
https://doi.org/10.1016/j.psychres.2021.114093
https://doi.org/10.1016/j.scog.2020.100189
https://doi.org/10.1176/appi.ajp.2007.07030423
https://doi.org/10.1093/brain/awt094
https://doi.org/10.1007/BF00987006
https://doi.org/10.3390/genes12121850
https://doi.org/10.1016/j.neuroimage.2007.02.049
https://doi.org/10.1037/0033-295X.104.4.667
https://doi.org/10.5152/npa.2017.19277
https://doi.org/10.1093/schbul/sbab093

	Uncinate fasciculus microstructural organisation and emotion recognition in schizophrenia: controlling for hit rate bias
	Introduction
	Schizophrenia
	White matter abnormalities in schizophrenia
	Social cognition in schizophrenia
	Uncinate fasciculus and emotion recognition
	The current study

	Methods
	Ethical approval
	Participants
	MRI acquisition
	DTI extraction
	Uncinate fasciculus extraction protocol
	Corticospinal tract extraction protocol
	Emotion recognition task, cambridge neuropsychological test automated battery
	Positive and negative syndrome scale
	Childhood trauma questionnaire
	Statistical analysis

	Results
	Demographic and clinical information
	Demographic and clinical correlates
	Structural comparisons
	Emotion recognition task correlates
	Regression
	Mediation analysis

	Discussion
	Summary of the main findings
	Implications of main findings
	Strengths and limitations
	Future directions

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

