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General Introduction
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C
hapter 1

G
eneral Introduction

“Most of you have probably had the experience of walking down the street in a city 
and seeing a person you thought was acting oddly. They may have been dressed 

in an unusual way, perhaps disheveled or wearing an unusual collection of clothes, 
makeup, or jewelry that did not seem to fit any particular group or subculture. They 

may have been talking to themselves or yelling at someone you could not see. If 
you tried to speak to them, they may have been difficult to follow or understand, 

or they may have acted paranoid or started telling a bizarre story about the people 
who were plotting against them. If so, chances are that you have encountered an 

individual with schizophrenia or another type of psychotic disorder” 
– Quote from Barch, 2019. 

1.1 Schizophrenia and impaired insight

Barch (2019) described an individual who may have showed paranoid behavior and 
incoherent speech, making it difficult to follow or understand that person. That individual 
might be diagnosed with schizophrenia or another psychotic disorder. Schizophrenia 
is a heterogeneous disease that affects approximately 1% of the general population 
at some point in their lives (Lewis and Lieberman, 2000; van Os and Kapur, 2009), 
making it a major concern for public health. The disorder is characterized by positive 
symptoms such as delusions, hallucinations and disorganized speech, and negative 
symptoms such as affective flattening, reduced amount of speech and reduced 
motivation. Despite the clinical significance of psychotic disorders, its exact etiology 
remains unclear. Studies indicate an interaction of several neurotransmitters (i.e., 
dopamine and glutamate), genetic, environmental and neurodevelopmental factors 
as probable cause (Lieberman and First, 2018), which are all factors that may interfere 
with normal brain functioning. 

Reconsidering that individual that you encountered on the street that was acting 
oddly; it is clear to you and others that their behavior is unusual. Nevertheless, the 
majority of patients with schizophrenia is not aware of their own symptoms and illness 
(Dam, 2006). This phenomenon is called impaired clinical insight. It affects 50-80% 
of patients with schizophrenia and it is defined as an impairment in (i) awareness of 
illness, (ii) attribution of symptoms to the illness, and (iii) realizing need for treatment 
(Amador et al., 1993). In this dissertation, the terms clinical insight and insight are 
used interchangeably. Impaired insight is associated with numerous negative factors 
such as poor treatment adherence (Lysaker et al., 2018), but also reduced use of 
psychological coping mechanisms (Donohoe et al., 2004; Lysaker et al., 2003) and 
poorer general functioning (Pini et al., 2001). In general, the majority of patients with 
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schizophrenia (up to 70%) can achieve remission but poor treatment adherence 
increases the risk of relapse (Robinson et al., 1999; van Os and Kapur, 2009). It has been 
shown that patients with impaired insight have poorer prognosis (Lincoln et al., 2007) 
and outcome in general (Schwartz et al., 1997). Moreover, current treatment options 
have limited success in improvement of insight (Pijnenborg et al., 2013b). Clinical trials 
that specifically focused on the improvement of insight showed improved insight but 
still left it unclear which components of these treatments led to the improvement (Guo 
et al., 2010; Lalova et al., 2013; Pijnenborg et al., 2019). There is a growing need for 
clarification of the exact etiology of impaired insight to also get a better understanding 
of how treatment and prognosis can be improved.

1.2 Theories of impaired insight

Several theories have been suggested to explain the etiology of impaired insight in 
schizophrenia, suggesting contributions of brain abnormalities, neurocognition (i.e., 
executive functioning, cognitive flexibility, set-shifting and self-monitoring), social 
cognition (i.e., self-reflectiveness and perspective taking), metacognition (i.e. “thinking 
about one’s thinking”), social and personal factors (i.e., stigma and personality), 
symptomatology and defensive denial (Vohs et al., 2016). However, a monocausal 
explanation of impaired insight in psychotic disorders appears unlikely, given the small 
to modest effect sizes (of associations between insight and these factors) that are 
found and the variation between patients. Therefore, in more recent years, the field 
is shifting towards approaching insight with less simplified, multicausal integrated 
explanations (Vohs et al., 2016). 

1.3 Measures of insight

Measures for the assessment of insight vary from single items (that can be part of 
a larger psychiatric interview) to detailed multi-item measures, and from self-report 
questionnaires to clinician-/researcher-rated (semi-)structured interviews. Both 
last-mentioned types of measures have their advantages as self-report scales avoid 
researcher/clinician bias although it can also be argued that self-report scores of patients 
with poorer insight might be even more biased. In this thesis, insight was measured 
with item 12 of the general psychopathology subscale of the Positive and Negative 
Syndrome Scale (PANSS) (Kay et al., 1987) (Chapters 3 and 5), the Birchwood Insight 
Scale (BIS) (Birchwood et al., 1994) (Chapter 3), and the Schedule for the Assessment 
of Insight – Expanded (SAI-E) (David, 1990) (Chapters 4 and 5). The PANSS G12 item is 
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one of the most frequently used measures of clinical insight (Shad, Tamminga, Cullum, 
Haas, & Keshavan, 2006). It is a single-item measure based on a semi-structured 
interview, and correlations with other measures of clinical insight, such as the SAI-E, 
have shown to be strong (Sanz et al., 1998). For our studies, two trained interviewers 
obtained a consensus score. The Birchwood Insight Scale (BIS) is an 8-item self-
rating questionnaire, consisting of three subscales measuring the three dimensions 
of clinical insight: awareness of illness, relabeling of symptoms and recognition of the 
need for treatment. The Schedule for the Assessment of Insight – Expanded (SAI-E) 
also measures these three subdimensions; it is a 12-item clinician/researcher-reported 
semi-structured interview. Several studies have confirmed these subscales with factor 
analyses (Dantas and Banzato, 2007; David et al., 2003; Konstantakopoulos et al., 2013).

1.4 Insight in the brain

To get a better understanding of why there is so much interindividual variability in 
insight, it is essential to understand the neural mechanisms underlying impaired 
insight. A better understanding of the neural basis of impaired insight may also help 
in finding better treatment options to improve it.

1.4.1 Brain structure
Studies have shown structural abnormalities in schizophrenia that are present from the 
early onset of illness, such as reduced gray matter volume and disrupted white matter 
integrity (Karlsgodt et al., 2010). Reduced gray matter volume of the medial temporal, 
superior temporal, and prefrontal areas was found most consistently across studies 
(Karlsgodt et al., 2010). Within the population of patients with a psychotic disorder, 
numerous studies investigated the relationship between insight and global brain volume, 
volume of specific regions of interest (ROIs) or voxel-based morphometry (VBM).

Brain structure can be investigated with:
	 Morphometry: gray matter volume of the whole brain or of certain regions of 

interest (ROIs).
	 Voxel-based morphometry (VBM): quantifies gray matter volume and tissue 

concentration per voxel. Gray matter volume is a function of cortical surface 
area and cortical thickness.

	 Cortical thickness: quantifies thickness of the cortex.
	 Diffusion tensor imaging (DTI): mapping of white matter tracts.
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With regard to studies examining global brain volume, several studies found significant 
associations between insight and total brain volume (Flashman et al., 2000; Larøi et al., 
2000; McEvoy et al., 2006; Takai et al., 1992) (n=30, n=21, n=226, n=57, respectively), 
or more specifically, with total gray matter volume (Cooke et al., 2008; McEvoy et al., 
2006) (n=52 and n=226, respectively) or total white matter volume (Gerretsen et al., 
2013; McEvoy et al., 2006) (n=52, n=226, respectively). In contrast, six studies did not 
find significant associations between insight and global brain volume (Bassitt et al., 
2007; David et al., 1995; Morgan et al., 2010; Palaniyappan et al., 2011; Rossell et al., 
2003; Sapara et al., 2007), although some of these studies did find associations with 
regional brain volume (Morgan et al., 2010; Palaniyappan et al., 2011; Sapara et al., 
2007). Some of these studies included relatively large samples (i.e., n=50, n=128, n=82, 
n=57, n=71, n=28, respectively), raising the question whether studies finding positive 
associations between global brain volume and insight represent false positive findings. 
The considerable variability in age, illness duration, sample sizes, statistical methods, 
and measures of insight between studies makes them difficult to compare.

Studies on the association between insight and brain volume or cortical thickness 
that were either voxel-based or focused on specific regions of interest (ROIs) found 
associations between insight and areas distributed across the brain, predominantly 
in frontal but also in other areas (see Figure 1) (Asmal et al., 2018; Bassitt et al., 
2007; Bergé et al., 2011; Cooke et al., 2008; Emami et al., 2016; Flashman et al., 2001; 
Gerretsen et al., 2013; Ha et al., 2004; McFarland et al., 2013; Palaniyappan et al., 
2011; Sapara et al., 2016, 2007; Shad et al., 2006a, 2004; Tordesillas-Gutierrez et al., 
2018). Some studies did not find significant associations between brain structure and 
insight, however (Béland et al., 2019; Buchy et al., 2017; Gerretsen et al., 2015, 2013; 
Morgan et al., 2010; Raij et al., 2012). Studies using other MRI-methodologies found 
associations between insight and abnormalities of cortical surface area of the right 
posterior insula (Palaniyappan et al., 2011), perfusion of the bilateral precuneus as 
measured with positron emission tomography (PET) (Faget-Agius et al., 2012), and 
hemispheric asymmetry of anteroinferior temporal lobe volume (Gerretsen et al., 2013). 
Thus, structural abnormalities of regions distributed across the brain have been related 
to insight in psychotic disorders (see Figure 1). Several studies have also related insight 
to brain functioning in psychotic disorders, as the relationship between brain structure 
and function appears complex and brain structure cannot fully explain functional 
dynamics (Batista-García-Ramó and Fernández-Verdecia, 2018). Brain function can 
be seen as a link between brain structure and patients’ clinical manifestations. 
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Figure 1: Schematic display of medial and lateral views of areas that showed an association between 
brain structure and clinical insight.
NB: Regions implicated in more than two (* in five or more) separate studies: the superior frontal 
gyrus, middle frontal gyrus*, inferior frontal gyrus*, insula, superior temporal gyrus*, middle temporal 
gyrus, inferior temporal gyrus*, cerebellum, dorsomedial prefrontal cortex, anterior cingulate cortex, 
ventromedial prefrontal cortex, parahippocampal gyrus and cuneus. 

1.4.2 Brain function
Various studies investigated the relationship between insight and brain functioning 
with functional magnetic resonance imaging (fMRI). These studies also found that 
areas distributed across the brain are associated with insight during several fMRI-
tasks (see Figure 2) (Bedford et al., 2012; Gerretsen et al., 2015; Sapara et al., 2014; 
Sapara et al., 2015; Shad & Keshavan, 2015; van der Meer et al., 2013). Just a few 
regions were consistently found across several studies, however. The inferior parietal 
lobule and precuneus were found in several studies, and the inferior frontal gyrus and 
insula even more frequently. Some studies found increased activation in patients with 
impaired insight, while others found decreased activation. This may be explained by 
compensation or less efficient use of neural resources, respectively.

Functional magnetic resonance imaging (fMRI): measures brain activity indirectly 
with the blood-oxygen-level-dependent response, which indicates cerebral blood 
flow to activated brain areas. 
	 Task-based fMRI studies: in these studies, brain activation during different 

tasks can be examined. An estimation of brain activation during a certain task 
can be obtained by comparing brain activation during different conditions.
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Figure 2: Schematic display of medial and lateral views of areas that showed an association between 
brain activation and clinical insight. 
NB: Regions implicated in more than two (* in five or more) separate studies: inferior frontal gyrus*, 
insula*, inferior parietal lobule and precuneus. 

1.4.3 Brain connectivity and networks
So far, researchers have failed to establish a clear structural and functional substrate 
of insight by pinpointing specific isolated brain areas. Instead, structural and functional 
abnormalities have been found in a distributed network of brain regions, implying 
connectivity abnormalities in patients with poorer insight. Several studies investigated 
insight and structural or functional connectivity thus far.

Structural and functional connectivity:
	 Functional (fMRI) connectivity studies: connectivity between brain regions is 

calculated with correlations (or similar measures) between brain activation 
of these regions.

	 Structural connectivity studies: fractional anisotropy (FA), as measured with 
diffusion tensor imaging (DTI), is seen as a marker of white matter integrity.

Three studies investigated the relationship between insight and structural connectivity 
(as measured with diffusion tensor imaging; DTI), while four studies focused on insight 
and functional connectivity (as measured with resting state fMRI) in patients with 
psychotic disorders. Fractional anisotropy (FA) is a common measure in DTI that 
is seen as a marker of white matter integrity. One study found significant positive 
associations between awareness of symptoms as well as attribution of symptoms 
and fractional anisotropy of widespread areas across the brain (Antonius et al., 2011), 
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while another study found a positive association between insight and fractional 
anisotropy in fronto-occipital, cingulate, cingulate hippocampus, uncinate, and anterior 
corona radiata white matter tracts (Asmal et al., 2017). A last study found a specific 
negative relationship between insight and fractional anisotropy in the middle frontal 
gyrus (Ćurčić-Blake et al., 2015). In order to link insight to brain functioning, studies on 
functional connectivity of the brain are crucial.

Resting state functional connectivity studies on insight often implicate abnormalities 
of the Default Mode Network (DMN). These studies in patients with schizophrenia 
specifically found that poorer insight was related to lower connectivity of the 
anterior cingulate cortex to the rest of the anterior DMN, and lower connectivity of 
the precuneus within the posterior DMN (Liemburg et al., 2012), as well as higher 
connectivity in the DMN with the left angular gyrus (Gerretsen et al., 2014). A study 
on individuals at ultra-high risk of developing psychosis also found that insight was 
related to higher DMN connectivity between posterior cingulate cortex/precuneus and 
ventromedial prefrontal cortex (Clark et al., 2018). Abnormalities of other networks 
were also found during resting state, namely higher connectivity in the salience 
network with the left insula (Gerretsen et al., 2014) and lower connectivity between 
right posterior insula and pre- and postcentral gyri (Chen et al., 2016). Another study 
in patients with schizophrenia found that poorer insight was associated with higher 
effective connectivity from the inferior parietal lobule, posterior cingulate cortex and 
dorsomedial prefrontal cortex towards the ventromedial prefrontal cortex, as well as 
with higher effective connectivity from the inferior parietal lobule towards the posterior 
cingulate cortex and dorsomedial prefrontal cortex during a self-reflection task 
(Ćurčić-Blake et al., 2015). The authors also found lower effective connectivity from 
the ventromedial prefrontal cortex to the inferior parietal lobule during this task. These 
studies highlight the importance of studying dysconnectivity in patients with poorer 
insight. While diffusion-weighted imaging studies do not show a clear neural substrate 
of impaired insight, functional connectivity studies implicate importance of the DMN. 

1.5 Moving focus from clinical 
      insight to cognitive insight

The goal in this thesis is to extend knowledge on the neural basis of impaired clinical 
insight. However, patients might admit to being ill and realizing that they need treatment 
without full understanding of their illness and its consequences. It might be just a 
reflection of what was learned during psychoeducation or repetition of information 
received from their psychiatrist instead of a real understanding of their illness and 
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integration of their illness in their self-concept. A change in underlying beliefs might 
be required for a change in affect and behavior. Therefore, in this thesis, we will also 
extensively study a second type of insight, called cognitive insight. Cognitive insight is 
defined as the ability to reflect upon oneself and to not be overly certain of one’s own 
beliefs (Beck et al., 2004). Cognitive insight involves patients’ attributive metacognitive 
ability (i.e. “thinking about one’s thinking” or awareness and understanding of one’s 
own thought processes), and directly measures distorted thinking styles. Therefore, it is 
of great clinical significance, as these cognitive styles might be targeted in treatment. 

Cognitive insight is measured with the Beck Cognitive Insight Scale (BCIS), which consists of 
two subscales: self-reflectiveness (9 items) and self-certainty (6 items) (Beck et al., 2004). 
Good cognitive insight is reflected by a high composite index score (i.e. self-reflectiveness 
minus self-certainty), a high self-reflectiveness score and a low self-certainty score. These 
two factors have been confirmed in quite a few populations (Buchy et al., 2012b; Favrod et 
al., 2008; Gutiérrez-Zotes et al., 2012; Kao and Liu, 2010; Uchida et al., 2009). Processes 
that might underlie cognitive insight are self-monitoring, and processing and regulation 
of one’s own state and performance. Cognitive insight also requires abilities necessary 
for integrating new information into one’s own thought processes and re-evaluating one’s 
own beliefs. As such, it is assumed to reflect higher-order (meta-)cognitive functioning, to 
a stronger extent than may be the case for clinical insight. 

Cognitive insight reflects one’s own judgements about the self but one can argue 
whether self-judgements of individuals with poor cognitive insight are correct, given 
that no measure of behavior is included. However, in the initial study describing the BCIS, 
the investigators observed significant correlations in the expected direction between the 
BCIS composite index score and being aware of a mental disorder as measured with the 
Scale to Assess Unawareness of Mental Disorder (SUMD; rated by a clinician) (Amador et 
al., 1993), between the self-reflectiveness subscale scores and being aware of delusions 
as measured with the SUMD, and between change in BCIS-scores and change in positive 
and negative symptoms (Beck et al., 2004). Several other studies from other research 
groups have also shown reliability and validity of the BCIS, and that it can distinguish 
patients with psychosis from patients without psychosis and healthy individuals (Riggs 
et al., 2012). Additionally, several studies showed increased self-certainty (i.e. poorer 
cognitive insight) in individuals with at-risk mental state (Uchida et al., 2014) or at clinical 
high risk for psychosis (Kimhy et al., 2014). Thus, altogether, results of previous studies 
suggest that individuals can objectively rate their experiences (Riggs et al., 2012). 
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1.5.1 Brain structure
Studies in patients with a psychotic disorder related cognitive insight to brain structure 
by either examining brain volume of certain regions of interest or per voxel. Two 
studies examining the association between cognitive insight and gray matter volume 
of hippocampal areas found relations between hippocampal volume and cognitive 
insight or self-certainty specifically (Buchy et al., 2010; Orfei et al., 2017). No significant 
associations were found for self-reflectiveness (Buchy et al., 2010; Orfei et al., 2017). 
Another study did not find any significant associations between self-reflectiveness or 
self-certainty and hippocampal volumes (Buchy et al., 2016). The last study included 
only 15 patients, however, while Buchy et al. (2010) and Orfei et al. (2017) included 61 
and 45 patients, respectively. Whole brain VBM or cortical thickness studies found an 
association between self-reflectiveness and the right ventrolateral prefrontal cortex 
(Buchy et al., 2016; Orfei et al., 2013), and between self-reflectiveness and widespread 
areas across the brain (Buchy et al., 2016). For self-certainty, one study did not find 
significant associations (Orfei et al., 2013), while the other found involvement of the 
ventrolateral prefrontal cortex and other widespread areas across the brain again 
(Buchy et al., 2016).

Figure 3: Schematic display of medial and lateral views of areas that showed an association between 
brain structure and cognitive insight. 
NB: only one region (i.e. the hippocampus) was implicated in more than 2 studies.

1.5.2 Brain function
fMRI-studies on cognitive insight found significant associations between the 
composite index score and activation of the left dorsolateral prefrontal cortex, left 
parahippocampal gyrus, right posterior cingulate cortex, and right inferior parietal 
lobule (during a reality evaluation and recognition task) (Lee et al., 2015). With 
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regard to self-reflectiveness, significant associations were found with activation 
of the ventromedial prefrontal cortex (during a self-reflection task) (van der Meer 
et al., 2013), bilateral ventrolateral prefrontal cortex (during an external source 
memory task) (Buchy et al., 2015) and left parahippocampal gyrus and right inferior 
parietal lobule (during a reality evaluation and recognition task) (Lee et al., 2015). 
On the other hand, no significant associations were found between the composite 
index score and brain activation during a self-reflection task (van der Meer et al., 
2013), or between self-certainty scores and brain activation during a self-reflection 
task (van der Meer et al., 2013) or external source memory task (Buchy et al., 
2015). Lastly, a PET-study on cognitive insight found a negative association with 
perfusion in right fusiform gyrus, left precuneus, bilateral superior temporal gyrus 
and bilateral insula, and a positive association with perfusion of left orbito-frontal 
gyrus (Caletti et al., 2017). 

Figure 4: Schematic display of medial and lateral views of areas that showed an association between 
brain function and cognitive insight. 
NB: only one region (i.e. the inferior frontal gyrus) was implicated in more than two studies.

One study on cognitive insight in healthy individuals found a positive association 
between self-reflectiveness and activation of the right ventrolateral prefrontal cortex, 
and between self-certainty and midbrain activation during an external source memory 
task (Buchy et al., 2014). Taken together, the number of studies conducted on the neural 
correlates of cognitive insight is too low to draw strong conclusions. Nonetheless, the 
picture that emerges is that quite some regions across the brain have been associated 
with cognitive insight.
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1.5.3 Brain connectivity and networks
Just a few studies investigated structural and functional connectivity in relation to 
cognitive insight thus far. Structural connectivity studies on cognitive insight were 
based on DTI-data or structural covariance of cortical thickness. Three DTI studies did 
not find significant associations between fractional anisotropy and cognitive insight 
(Buchy et al., 2016; Ćurčić-Blake et al., 2015; Orfei et al., 2013). A study describing a 
seed-based analysis of structural covariance with a seed in the ventrolateral prefrontal 
cortex found a significant positive association between self-certainty and covariance 
of the ventrolateral prefrontal cortex, on the one hand, and the right superior frontal 
gyrus (dorsomedial frontal gyrus) and right pars triangularis on the other hand (Kuang 
et al., 2017). No significant associations with self-reflectiveness were found (Kuang 
et al., 2017). Only one study examined resting state functional connectivity thus far; a 
significant negative association was reported between self-certainty and connectivity in 
the dorsal attention network with the left inferior frontal cortex (Gerretsen et al., 2014).

1.6 Moving towards a different approach

In this thesis, we will focus on brain connectivity. The communication and integration 
of information between distant brain areas reveals important information of 
considerable added value in addition to structure or activation of specific regions. 
After all, it is the parallelly distributed patterns of activation of brain networks (i.e. 
neural synchrony) that underpins mental abilities. Studies described in this thesis will 
add to the literature with regard to three main aspects: we will (1) not only focus on 
specific regions or networks but also on global brain functioning, (2) examine dynamic 
functional connectivity instead of static functional connectivity, and (3) we will take 
a multimodal approach examining insight with data from different MRI-modalities. 
Previous studies were all focused on specific networks and connectivity within 
these networks. Healthy brain functioning, however, requires a balance between 
segregation (i.e., segregation of the brain into subnetworks that are specialized in 
specific functions) and integration (i.e., good communication within and between 
subnetworks) in order to allow efficient information transfer between subnetworks 
and across the brain. Therefore, in this dissertation, we will not only focus on specific 
regions or networks but we will also examine global brain functioning based on 
structural (gray matter and DTI) and functional (resting state fMRI) connectomes. 
Additionally, all previous studies examined static functional connectivity (i.e., 
mean connectivity over a scan session) which does not provide information on 
fluctuations of functional networks over time. It has been increasingly suggested 
that transitions between neurocognitive states are important for neurocognitive 
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processes. Therefore, in this thesis, we will examine dynamic functional connectivity 
to get more insight into separate mental states during resting state and how they 
relate to insight. And last, most -but not all- earlier studies did not examine insight 
with data from different MRI-modalities, while combining imaging techniques allows 
us to concurrently investigate special mechanisms in one individual. Therefore, in 
order to get a more comprehensive view of brain abnormalities in poor insight, we will 
examine brain connectivity with data from different MRI-modalities, namely Proton 
Magnetic Resonance Spectroscopy (1H-MRS), task-based fMRI, resting state fMRI, 
brain volume and DTI. In this manner, information obtained with functional MRI can 
provide a link between brain structure (as measured with 1H-MRS, brain volume and 
DTI) and clinical manifestations of impaired insight. 

1.7 Aim and outline of chapters

The main aim of this thesis is to increase knowledge on the neural substrates of clinical 
and cognitive insight. In different chapters, we will investigate insight with distinct 
MRI-modalities and methodologies that give complementary information on how 
brain connectivity is related to insight to get a more comprehensive view of the neural 
substrate of insight. We will take a hypothesis-driven approach focusing on specific 
regions or networks in chapters 3-4, while taking a whole brain data-driven approach in 
chapters 5-6. The following objectives will be investigated in the consecutive chapters: 
(1) functional and structural brain correlates of insight by performing a systematic 
review and meta-analysis on all neuroimaging studies conducted on clinical and 
cognitive insight in patients with a psychotic disorder (chapter 2), (2) how clinical 
insight relates to levels of a marker of neuronal integrity in the white matter of the 
prefrontal cortex in patients with a psychotic disorder (chapter 3), (3) how clinical 
and cognitive insight relate to brain activation and connectivity during an emotion 
regulation task in patients with schizophrenia (chapter 4), (4) how variability in gray 
matter connectome characteristics relate to clinical and cognitive insight in patients 
with a psychotic disorder (chapter 5), (5) how dynamic functional connectivity during 
resting state relates to cognitive insight in healthy individuals (chapter 6), and (6) how 
variability in gray matter and DTI connectome characteristics relate to cognitive insight 
in healthy individuals (chapter 6). 

In chapter 2, all studies are integrated to get a clear picture of brain regions associated 
with clinical and cognitive insight. This chapter is followed by four empirical chapters, 
of which three are conducted with patients with a psychotic disorder and one with 
healthy individuals only.
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The systematic review and meta-analyses performed in chapter 2 show that 
widespread areas across the brain have been associated with impaired insight, 
suggesting impaired neural connectivity. Therefore, in chapter 3, we are interested in 
white matter connectivity of the dorsolateral prefrontal cortex as this area has been 
associated with impaired clinical insight consistently. We measure concentrations 
of the neurometabolite N-acetylaspartate in the white matter of the left dorsolateral 
prefrontal cortex in patients with a psychotic disorder, as N-acetylaspartate is seen as 
a marker of neuronal integrity. A reduction of this marker in this area might suggest 
dysconnectivity as it may indicate impaired functioning of axons, for example because 
of reduced myelination, causing abnormal neural connectivity (Du et al., 2013; Tang et 
al., 2007). In this chapter, we relate clinical insight to N-acetylaspartate concentrations 
in 88 patients with a psychotic disorder.

In chapter 4, we investigate how clinical and cognitive insight relate to brain activation 
and connectivity during emotion regulation in 30 patients with schizophrenia. It has 
been suggested that in order to have good insight, one needs to be able to regulate 
their negative emotions given the stigma and negative emotions that are associated 
with a schizophrenia diagnosis. Connectivity between different areas can be studied 
with an abundance of methods that provide different information and can be used to 
answer different questions. In chapter 4, we calculate connectivity with generalized 
psychophysiological interaction (gPPI), with which connectivity modulated by task can 
be calculated between seed regions and the rest of the brain.

In chapter 5, we move from the hypothesis-driven approach to a whole brain data-
driven approach focusing on the gray matter connectome. Gray matter connectomes 
can be created based on gray matter similarity. They represent networks with which 
we might be able to bridge the gap between functional and white matter networks as 
these networks appear to be somewhere in between with regard to their variability 
over time. In this chapter, we use tools from graph theory to calculate complex network 
measures with which we can relate whole brain global structural brain connectivity to 
clinical and cognitive insight in 114 patients with a psychotic disorder. 

In chapter 6, we examine cognitive insight in 58 healthy individuals by combining 
data of three MRI-modalities: resting state fMRI, gray matter volume and DTI. From 
resting state fMRI data, one can calculate functional connectivity between regions 
when individuals are not engaged in any task. Functional connectivity, and dynamic 
functional connectivity specifically, can be calculated with different measures but 
in this chapter, we calculate functional connectivity based on phase coherence. We 
create functional connectivity matrices per time point per individual after which we can 
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calculate several measures that describe functional connectivity states that individuals 
go through during scanning. We relate cognitive insight to measures such as switching 
frequency between states, probability of being in a certain state, time spent in a certain 
state and switching probabilities between the different states. Additionally, we create 
gray matter and DTI connectomes and calculate graph metrics to relate whole brain 
global structural (gray matter and DTI) connectivity to cognitive insight. 

Last, in chapter 7, results of all studies will be summarized and integrated, and 
limitations of our studies and future perspectives will be discussed.







CHAPTER 2
Systematic review and 
meta-analysis of neuroimaging 
studies on insight in psychosis

A version of this chapter is under review for publication in Neuroscience 
& Biobehavioral Reviews as: Pijnenborg, G.H.M.*, Larabi, D.I.*, Xu, P., 
Hasson-Ohayon, I., de Vos, A.E., Ćurčić-Blake, B., Aleman, A., & Van der 
Meer, L. Brain areas associated with insight in psychotic disorders: a 
systematic review and meta-analysis.

*Shared first-authorship.
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2.1 Abstract 

Background. In the past years, ample interest in structural and functional brain 
abnormalities related to insight in psychosis (i.e. awareness of illness) has contributed 
several neuroimaging studies to the literature. By performing a systematic review and 
meta-analysis, we offer an integration of published findings on the neural substrates 
of clinical and cognitive insight in psychosis. 

Methods. A search was performed in databases MEDLINE, PSYCINFO, and PUBMED 
with the following search terms: (insight OR awareness) AND (fMRI OR “functional 
magnetic resonance imaging” OR “neuroimaging” OR “structural imaging” OR “magnetic 
resonance imaging” OR “MRI” OR “cortical thickness” OR “morphometry” OR “VBM”) 
AND (schizophren* OR psychos* OR psychot*). Coordinate-based meta-analyses 
were performed with the parametric coordinate-based meta-analysis approach, while 
non-coordinate based meta-analyses were conducted with the metafor package in R. 
Papers that could not be included in the meta-analyses were systematically reviewed.

Results. Thirty-seven studies were retrieved and 21 studies were included in several 
meta-analyses. Poorer clinical insight was related to lower whole brain gray matter and 
white matter volume, as well as gray matter volume of the frontal gyri. Meta-analyses 
of fMRI- or VBM-studies did not show significant associations with clinical insight. 
A review of the cognitive insight literature showed predominant involvement of the 
hippocampus and inferior frontal gyrus/ventrolateral prefrontal cortex.

Discussion. Impaired clinical insight cannot be pinpointed to abnormalities of isolated 
brain regions but appears to be associated with spatially diffuse global abnormalities. 
It might rely on a broad range of (social) cognitive functions, suggesting clinical insight 
is a heterogeneous concept. Cognitive insight, on the other hand, appears to rely more 
on the specific ability to retrieve and integrate self-related information.

Keywords: awareness, neuroimaging, psychoses, schizophrenia, MRI.
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2.2 Introduction

Impaired clinical insight, defined as impaired awareness of illness, relabeling of symptoms 
and need for treatment (Amador et al., 1993; David, 1990), is highly prevalent in psychotic 
disorders and is associated with both favorable and unfavorable outcomes (Lincoln et al., 
2007). While patients with poor insight often have more psychotic and negative symptoms, 
and experience more problems in social functioning and treatment compliance, they 
may also show lower levels of depression and a better quality of life (Francis and Penn, 
2001; Hasson-Ohayon et al., 2009, 2006; Kvrgic et al., 2013; Olfson et al., 2006; Yen et 
al., 2002). This complex pattern of outcome of insight was conceptualized as the insight 
paradox (Lysaker et al., 2007), with studies showing that its implication is dependent on 
the meaning patients attach to their illness and more specifically patients’ self-stigma 
(Hasson-Ohayon et al., 2012; Lysaker et al., 2007). Recent studies questioned whether 
clinical insight really represents reflective awareness of the illness and implications as 
classical definitions (e.g. (David, 1990)) indicate. These recent studies suggest that clinical 
insight might only reflect compliance with the medical model, i.e. merely agreement with 
the DSM- or ICD-label, need for treatment and illness’ implications (Hasson-Ohayon, 2018; 
Lysaker et al., 2018). According to this conceptualization, clinical insight might present an 
attitude toward the diagnosis, similar to self-stigma, and not a reflective process of being 
aware of the illness (Hasson-Ohayon, 2018).

The discussion on what the construct of insight actually reflects is related to the 
discussion on the etiology of impaired insight. Impaired clinical insight is often seen as 
either the result of a neuropsychological deficit, or as a psychological defense reaction 
triggered by the stigma of mental illness (Chakraborty and Basu, 2010). Evidence for 
the first explanation derives from the fact that several cognitive processes have been 
associated with impaired clinical insight, ranging from basic processes such as memory 
(Nair et al., 2014) to more complex processes such as self-reflection and Theory of 
Mind (Pijnenborg et al., 2013a). Studies showing that poor insight is associated with 
more stigma are in line with the second explanation (Hasson-Ohayon et al., 2012). 
Given the complex nature of insight and studies supporting both explanations, it is 
often assumed that both play a role in impairments in clinical insight. Thus, a question 
remains whether, and to what level, neuropsychological deficits are related to poor 
clinical insight, as conceptualized by David (1999) and Amador et al. (1993) (Amador 
et al., 1993; David, 1999).

A construct related to clinical insight is cognitive insight, which is conceptualized as a 
combination of self-reflection and the ability to question one’s own conclusions (Beck 
et al., 2004). Cognitive insight refers to reflection about aspects that are beyond having 
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a psychiatric disorder. Initially, cognitive insight was believed to be a prerequisite for 
clinical insight. However, literature on the association between clinical and cognitive 
insight is inconsistent with several studies not finding a significant association (e.g. 
(Greenberger and Serper, 2010)). Thus, the relationship between clinical and cognitive 
insight remains inconclusive. 

Neuroimaging studies have attempted to shed light upon the neuropsychological 
processes underlying clinical and cognitive insight by investigating brain areas related 
to either construct. Regarding structural abnormalities, most studies focused on 
clinical insight and found abnormalities in frontal, temporal and parietal areas (e.g. 
(Cooke et al., 2008; Flashman et al., 2001; Sapara et al., 2007; Shad et al., 2006a, 
2004)), while other studies did not find significant relationships between brain 
volume and clinical insight (e.g. (Morgan et al., 2010; Raij et al., 2012)). The few studies 
addressing structural abnormalities in cognitive insight, mostly showed involvement 
of the prefrontal cortex and hippocampus, but also involvement of other frontal, 
parietal (i.e. inferior partial lobule, posterior cingulate cortex) and temporal regions (i.e. 
parahippocampal gyrus) (Buchy et al., 2016, 2010; Orfei et al., 2017, 2013). Functional 
neuroimaging studies showed that both cognitive and clinical insight are associated 
with functional abnormalities in (medial and lateral) frontal, temporal and parietal 
regions, that are involved in social-cognitive and metacognitive processes such as 
self-reflection (van der Meer et al., 2013), illness-related self-reflection (Raij et al., 
2012), and processing of feedback (de Vos et al., 2015).

In sum, although studies have shown that cognitive and clinical insight are associated 
with brain abnormalities, thus far, no study integrated this literature. Therefore, the 
aim of the present study is to provide a systematic review and meta-analysis of 
neuroimaging studies that examine the relationship between clinical or cognitive insight 
on the one hand, and brain structure and function on the other hand. By integrating 
studies, we aim to achieve a better understanding of psychological processes that 
underlie different aspects of impaired insight. 

2.3 Methods

2.3.1 Literature search
A search was performed in the following databases: MEDLINE, PSYCINFO, and 
PUBMED. The following search terms were used: (insight OR awareness) AND (fMRI OR 
“functional magnetic resonance imaging” OR “neuroimaging” OR “structural imaging” 
OR “magnetic resonance imaging” OR “MRI” OR “cortical thickness” OR “morphometry” 
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OR “VBM”) AND (schizophren* OR psychos* OR psychot*). This search included papers 
published until May 8, 2018. Reference lists of selected papers and reviews were 
screened for relevant papers that were not picked up by our search. 

2.3.2 Study selection
After removing duplicates, two assessors (MP and DL) independently identified studies 
eligible for inclusion in a 2-step procedure. First, a selection based on abstract and title 
was made. Studies were selected when the following inclusion criteria were met: (1) 
written in English language, (2) participants were diagnosed with a psychotic disorder, 
(3) insight was assessed with a validated measure, such as the Insight and Treatment 
Attitudes Questionnaire (ITAQ) (McEvoy et al., 1989), the Schedule for the Assessment 
of Insight (SAI) - Expanded (SAI-E) (David, 1990; Kemp and David, 1997), the Scale to 
Assess Unawareness of Mental Disorder (SUMD) (Amador et al., 1993), the Birchwood 
Insight Scale (BIS) (Birchwood et al., 1994), item G12 of the Positive and Negative 
Syndrome Scale (PANSS) interview (Kay et al., 1987), or the Beck Cognitive Insight 
Scale (BCIS) (Beck et al., 2004), (4) empirical results of neuroimaging methods (i.e. 
functional magnetic resonance imaging (fMRI), magnetic resonance imaging (MRI), 
voxel-based morphometry (VBM)) were reported, (5) a cross-sectional association was 
reported between a) insight and BOLD-response during a specific task or b) between 
insight and brain volume, and (6) it was published as a full-text original article in an 
international peer-reviewed journal. 

In case the abstract did not provide sufficient information, the study was selected for 
full-text review. Full texts of papers within this selection were critically examined to see 
whether inclusion criteria for the study were met. In case the study reported both an 
association between insight and brain areas and a between-group comparison, only 
the association was included in the meta-analysis. If the paper provided insufficient 
information, the corresponding author was contacted. Studies using the same 
subject sample were included if other neural correlates were investigated or if other 
neuroimaging techniques were used. If samples overlapped, the most recent study 
with the largest sample size was included.

2.3.3 Data extraction
The following information was extracted from every included study by two independent 
reviewers (MP and DL) using a predetermined form: (1) first author and publication 
year, (2) size of patient sample, (3) direction of findings, (4) normalization template 
(MNI or Talairach), (5) whole brain or ROI, (6) smoothing kernel, (7) whether findings 
were significant or not, (8) brain region location information (x/y/z coordinates of the 
peak coordinates and the corresponding automated anatomical label (Tzourio-Mazoyer 
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et al., 2002), (9) statistical values (p, r, T, F or Z), threshold and correction methods 
(uncorrected, FDR or FWE). If there were no significant findings, the fields for (8) and 
(9) were left empty. In addition, the following information was extracted: (1) participant 
characteristics (i.e. number of participants, mean age, sex, and for the patient samples: 
diagnosis and symptoms), (2) study characteristics (i.e. design and control condition), 
(3) neuroimaging characteristics (i.e. technique, scanner, field of view and outcome).

2.3.4 Statistical Analysis
For the meta-analyses, studies were divided into categories based on the following 
characteristics: 1) clinical vs cognitive insight, and 2) neuroimaging technique. We 
conducted separate meta-analyses that pooled studies examining either total clinical 
insight, clinical insight subdimensions, total cognitive insight or cognitive insight 
subdimensions. Included neuroimaging techniques were either (a) global brain volume 
(i.e., i) global gray matter volume (GMV) plus white matter volume (WMV), ii) global 
GMV, iii) global WMV, or iv) global cerebrospinal fluid (CSF) volume), (b) volume of 
certain regions of interest (ROIs), (c) voxel-based morphometry (VBM) or (d) functional 
activation as measured with fMRI. A meta-analysis was only carried out if the number 
of studies in a category was larger than two. 

For the coordinate-based meta-analyses, the parametric coordinate-based meta-
analysis (PCM) approach was used (Costafreda, 2012). With this approach, the effect 
sizes for each focus are convolved with a 25-mm kernel to create Z-value summary 
maps for each study. These summary maps are pooled to create an overall Z-value 
map, on which a two-tailed t-test can be conducted with the estimated Z mean value 
for each voxel to determine voxels that have a Z mean value significantly different 
from zero. Correction for multiple comparisons was done with a false discovery rate 
(FDR) threshold of 0.05 and extent threshold of 50 mm3, which resulted in thresholded 
effect size summary maps.

For non-coordinate based meta-analyses, the data was analyzed using the metafor 
package (version 1.9-9) (Viechtbauer, 2010), implemented in the statistical software R 
(version 3.2.3) (R Core team, 2018). For meta-analyses focused on studies examining 
gray matter volume of certain ROIs, overall ROIs for the meta-analyses were selected 
based on the ROIs that were most often studied. Therefore, two ROI meta-analyses 
on clinical insight studies included either the left or right frontal gyrus, while the 
cognitive insight ROI meta-analysis focused on the hippocampus. The correlation 
values and sample sizes were used to calculate the pooled correlation. Correlation 
coefficients were transformed with Fisher’s r-to-z-transform. The resulted z-values 
were pooled and transformed back to a correlation coefficient. These values were then 



31

C
hapter 2

R
eview

 and m
eta-analysis: insight in the brain

entered into the random effects meta-analytic model. The I2 statistic was calculated to 
examine whether the percentage of total variation across studies represents realistic 
heterogeneity rather than chance. An I2 value of 0-50% indicates low heterogeneity, 
an I2 of 50-75% indicates moderate heterogeneity, and an I2 of 75-100% indicates high 
heterogeneity. The funnel plot asymmetry was investigated and Egger’s regression 
test was performed to assess potential publication bias. 

2.4 Results

2.4.1 Study selection
A total of 1938 publications were identified in databases. Three additional papers were 
retrieved from cross-references checks. 37 studies were selected for this review, 
of which some presented data of more than one imaging method. 21 studies were 
included in a total of seven meta-analyses (see Figure 1). 

A total of 1088 patients was included in the meta-analyses, of which 798 were male 
(73%). Participants had a DSM-IV or ICD-10 diagnosis of schizophrenia (n=721; 66%), 
schizoaffective disorder (n=34), schizophreniform disorder (n=69), psychotic disorder 
not otherwise specified (NOS; n=1), or first-episode psychosis (n=263). Mean age was 
32.3 years (range: 23.86-41.7), mean illness duration was 8.64 years (range: 0.01-18.9) 
and mean total PANSS scores were 67.05 (range: 43-84.43).

Findings of 16 additional studies will be described in the main text but were not included 
in meta-analyses for various reasons (see details below). A list of all abbreviations used 
in tables and their meaning can be found in Supplementary Materials.
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Figure 1: PRISMA flowchart.

2.4.2 Clinical insight
2.4.2.1 Global brain volume
We performed three meta-analyses regarding the association between clinical insight and 
global brain volume, including eight out of twelve studies that examined this association 
(Bassitt et al., 2007; Flashman et al., 2000; Gerretsen et al., 2013; Larøi et al., 2000; McEvoy 
et al., 2006; Morgan et al., 2010; Palaniyappan et al., 2011; Sapara et al., 2007) (Table 1). 
More specifically, meta-analyses concerned the relationship between clinical insight (i.e., 
total score) and (1) global gray matter volume (n=5) (Bassitt et al., 2007; Gerretsen et al., 
2013; Larøi et al., 2000; McEvoy et al., 2006; Morgan et al., 2010), (2) global white matter 
volume (n=4) (Bassitt et al., 2007; Gerretsen et al., 2013; McEvoy et al., 2006; Palaniyappan 
et al., 2011) or (3) the sum of global gray matter volume and white matter volume (n=3) 
(Flashman et al., 2000; McEvoy et al., 2006; Sapara et al., 2007). 
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Significant relationships were found between lower clinical insight and (1) smaller 
global gray matter volume (effect size=0.19, CI=0.09-0.29, p<0.0001, I2=0.02%; Figure 
2), (2) smaller global white matter volume (effect size=0.20, CI=0.10-0.30, p<0.0001, 
I2=0.03%; Figure 3), and (3) smaller sum of global gray matter volume and white matter 
volume (effect size=0.18, CI=0.06-0.29, p=0.0023, I2=0%; Figure 4). Funnel plots can 
be seen in supplementary materials (Figures S1-S3). No meta-analysis was performed 
on clinical insight and global CSF since only two (Flashman et al., 2000; McEvoy et al., 
2006) out of three studies (Flashman et al., 2000; McEvoy et al., 2006; Rossell et al., 
2003) reported effect sizes.

Figure 2: Forest plot of effect sizes of studies on the association between clinical insight and total 
gray matter volume.
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Figure 3: Forest plot of effect sizes of studies on the association between clinical insight and total 
white matter volume.
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Figure 4: Forest plot of effect sizes of studies on the association between clinical insight and total 
gray and white matter volume.
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Four studies were not included in meta-analyses for different reasons: not reporting 
effect sizes (David et al., 1995; Rossell et al., 2003), full-text unavailable (Takai 
et al., 1992) and not reporting associations with total clinical insight but only with 
subdimensions (Cooke et al., 2008). Of these studies, one study (David et al., 1995) 
found no association between ventricular enlargement and insight, while another study 
(Rossell et al., 2003) did not find significant associations between brain volumes and 
insight. The last study (Cooke et al., 2008) examined subdimensions of insight and did 
not report an association between global volume and total insight score. 

2.4.2.2 Volume regions of interest (ROIs)
A total of nine studies on clinical insight and volume of certain ROIs were found. Two 
meta-analyses were performed, both including three studies that focused on volumes 
of the left and right frontal gyri separately (Gerretsen et al., 2013; Sapara et al., 2007; 
Shad et al., 2004) (see details in Tables 2-3). These ROIs were the only ROIs reported 
in more than two separate studies. 

The meta-analysis on total insight and volume of the left frontal gyrus (k=3) (Gerretsen 
et al., 2013; Sapara et al., 2007; Shad et al., 2004) showed a significant positive 
correlation between clinical insight and left prefrontal volume (effect size=0.23, 
CI=0.04-0.42, p=0.02, I2=0%; Figure 5). The meta-analysis on total insight and right 
frontal gyrus volume (k=3) (Gerretsen et al., 2013; Sapara et al., 2007; Shad et al., 
2004) also yielded a significant positive correlation (effect size=0.37, CI=0.04-0.70, 
p=0.03, I2=65.30%; Figure 6). Funnel plots can be seen in supplementary materials 
(Figures S4 and S5).
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Figure 5: Forest plot of effect sizes of studies on the association between clinical insight and gray 
matter volume of the left frontal gyrus.
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Figure 6: Forest plot of effect sizes of studies on the association between clinical insight and gray 
matter volume of the right frontal gyrus.

Six studies were not included in meta-analyses for different reasons. Three studies did 
not report associations with total clinical insight, but only with subdimensions (Asmal et 
al., 2018; Flashman et al., 2001; Shad et al., 2006a). Asmal et al. (2018) found that poorer 
symptom attribution was related to lower cortical thickness of the left rostral middle frontal 
region and left caudal anterior cingulate (Asmal et al., 2018). The second study found 
significant positive correlations between awareness of illness and bilateral middle frontal 
gyri volume, and between attribution of symptoms and superior frontal gyrus volume 
(Flashman et al., 2001). The third study found that awareness of symptoms was positively 
associated with right dorsolateral prefrontal cortex volume, while symptom attribution was 
negatively associated with right medial orbitofrontal cortex volume (Shad et al., 2006a). 
Two other studies focused on specific ROIs that were not reported in more than two studies 
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(Buchy et al., 2010; Palaniyappan et al., 2011). The first study focused on hippocampal 
volume and did not find any significant associations with clinical insight (Buchy et al., 
2010). The second study focused on the posterior insula and found a significant positive 
relationship between right posterior insula structure and insight (Palaniyappan et al., 2011). 
An additional study was excluded from meta-analyses because of its longitudinal design 
(Parellada et al., 2011). They reported a significant positive correlation between frontal and 
parietal gray matter volume at baseline and insight two years after baseline.

2.4.2.3 Voxel-based morphometry (VBM)
Fifteen studies reported an association between voxel-based morphometry and 
clinical insight, of which 11 were included in a meta-analysis (Bassitt et al., 2007; 
Bergé et al., 2011; Buchy et al., 2017; Emami et al., 2016; Gerretsen et al., 2014, 2013; 
Ha et al., 2004; McFarland et al., 2013; Morgan et al., 2010; Raij and Riekki, 2012; 
Sapara et al., 2016) (see Tables 4-5 for details). This meta-analysis did not show 
significant results.

Four studies could not be included in the meta-analysis for several reasons: 
sample overlap with a more recent sample (Buchy et al., 2017, 2011), not reporting 
associations with total clinical insight but only with subdimensions (Buchy et al., 
2012a; Cooke et al., 2008) and reporting on metacognitive insight (Spalletta et al., 
2014). Of these studies, Buchy et al. (2011) reported no significant correlations for 
VBM-data, but significant positive correlations between awareness of illness and 
cortical thickness in left middle frontal and inferior temporal gyri, and between need 
for treatment and cortical thickness of the left medial frontal gyrus, precuneus and 
temporal gyri (Buchy et al., 2011). Buchy et al. (2012) reported significant positive 
and negative associations between attribution of several symptoms and areas 
across the brain (Buchy et al., 2012a), while another study found several significant 
positive associations between subdimensions and gray matter volume, namely 
between (i) the ability to recognize abnormal experiences and total and right 
superior temporal gyrus volume, (ii) awareness of problems and left precuneus 
grey matter volume, and (iii) awareness of symptoms and attributing them to the 
illness and left superior–middle temporal gyrus and right inferior temporal and 
lateral parietal gyri volume (Cooke et al., 2008).

2.4.2.4 Functional MRI (fMRI)
Eight studies on clinical insight and fMRI were retrieved, of which five were included 
in a meta-analysis (Bedford et al., 2012; Gerretsen et al., 2015; Sapara et al., 2015, 
2014; van der Meer et al., 2013) (Tables 6-7). Results of the meta-analysis showed no 
significant associations. 
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Three studies that were not included in the meta-analyses either used a repeated-
measurements design (Lee et al., 2006), did not assess insight with a validated 
measure (Raij et al., 2012) or only reported associations with a subdimension (Shad 
and Keshavan, 2015). Lee et al. (2006) found that increased medial prefrontal cortex 
activation during a social cognition fMRI-task was associated with improvement 
in insight scores after recovery from an acute episode (Lee et al., 2006). Raij et 
al. (2012) reported associations between insight and activation of cortical midline 
structures and the frontopolar cortex during an insight fMRI-task (Raij et al., 2012). 
A last study reported associations between awareness of symptoms and activation 
of prefrontal, parietal, limbic and basal ganglia areas, and associations between 
symptom attribution and activation in the prefrontal cortex and basal ganglia (Shad 
and Keshavan, 2015).

2.4.3 Cognitive insight
2.4.3.1 Global brain volume
No meta-analyses were performed as no studies were retrieved. 

2.4.3.2 Volume regions of interest (ROIs)
Three studies were found that reported on the relationship between cognitive insight 
and volume of certain ROIs (Buchy et al., 2016, 2010; Orfei et al., 2017). No meta-
analyses were performed since ROIs did not overlap.

One study focused on hippocampal volume and did not find significant associations 
between self-reflectiveness nor self-certainty and total hippocampal or sub-field 
volume (Buchy et al., 2016). Another study also focused on hippocampal (subfield) 
volume and found a significant correlation between left hippocampal volume and BCIS 
composite index scores as well as self-certainty scores (Buchy et al., 2010). The last 
study found that higher self-certainty scores were related to reduced volume of the 
left presubiculum, while there were no significant correlations with self-reflectiveness 
nor BCIS composite index scores (Orfei et al., 2017).

2.4.3.3 Voxel-based morphometry (VBM)
No meta-analyses were performed, because only three studies were retrieved of which 
two had overlapping samples. Of these studies, Buchy et al. (2016) found significant 
associations between both self-reflectiveness and self-certainty and cortical thickness 
in the ventrolateral prefrontal cortex, and other frontal, parietal and temporal areas 
(Buchy et al., 2016). Orfei et al. (2013) found that lower self-reflectiveness was related 
to lower volume of the right ventrolateral prefrontal cortex, while no significant relations 
were found for self-certainty nor BCIS composite index scores (Orfei et al., 2013). Buchy 
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et al. (2018) reported a significant correlation between higher self-reflectiveness and 
cortical thickness in the right occipital cortex in first-episode patients but their sample 
overlapped with a previous study of their group (Buchy et al., 2018, 2016).

2.4.3.4 Functional MRI (fMRI)
Five fMRI-studies were conducted on cognitive insight. One of these studies only 
included healthy individuals, however (Buchy et al., 2014). No meta-analyses were 
performed since the other four studies examined different subdimensions of insight 
or ROIs did not overlap. Two of these studies reported significant correlations between 
self-reflectiveness and activation in the bilateral ventromedial prefrontal (van der Meer 
et al., 2013) and ventrolateral prefrontal cortex (Buchy et al., 2015). They did not report 
significant correlations with self-certainty (Buchy et al., 2015; van der Meer et al., 2013) 
nor BCIS composite index scores (van der Meer et al., 2013). Two other studies found 
significant associations between self-reflectiveness or the BCIS composite index 
score and widespread areas across the brain (Lee et al., 2015; Pu et al., 2013). 

2.5 Discussion

The present study aimed to integrate the literature on neuroimaging studies that 
examine the relationship between clinical and cognitive insight and brain structure 
or function through conducting a meta-analysis and systematic review. The meta-
analytical results revealed lower clinical insight to be significantly associated with 
smaller global gray and white matter volume, and gray matter volumes of both the left 
and right frontal gyri. Meta-analyses of VBM- or fMRI-studies did not reveal significant 
associations between clinical insight and brain structure or activation. With regard 
to cognitive insight, our literature search did not yield sufficient comparable studies 
on cognitive insight to perform meta-analyses. A systematic review of the literature 
showed that hippocampal and ventrolateral prefrontal cortex abnormalities were found 
most often in poorer cognitive insight.

2.5.1 Clinical insight and brain structure
Three meta-analyses showed significant positive associations between total clinical insight 
and i) the sum of total gray matter and white matter volume, ii) total gray matter volume, and 
iii) total white matter volume. Results from structural MRI-studies on global brain volumes 
that were excluded from these meta-analyses (because they did not report effect sizes), 
did not report significant associations with clinical insight in schizophrenia patients (David 
et al., 1995; Rossell et al., 2003). David et al. (1995) used a one-item measure of insight, 
however, while in one-item measures of insight significant associations between neural 
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correlates and some dimensions of insight might be obscured by lack of associations with 
other dimensions. Another study did not investigate associations between total clinical 
insight and global brain volume, but did report significant positive correlations between 
total gray matter volume and the clinical insight subdimensions awareness of problems 
and symptom relabeling (Cooke et al., 2008). 

Similar associations were demonstrated in studies investigating brain volume of 
specific ROIs. Two meta-analyses showed significant positive associations between 
total clinical insight and volume of the left and right frontal gyri. These meta-analyses 
only included a small number of studies, however. Nonetheless, additional studies that 
were not included in the meta-analyses also showed aberrant (pre)frontal volume in 
relation to poor insight. In first episode schizophrenia (FES) patients, lower scores on 
the symptom attribution subdimension of insight were associated with lower cortical 
thickness in bilateral rostral middle frontal, left caudal anterior cingulate, right superior 
frontal, and bilateral pars triangularis regions (Asmal et al., 2018). That such insight-
related smaller brain volumes are not simply a consequence of medication use, was 
demonstrated by a study examining the association between prefrontal cortex volume 
and clinical insight in antipsychotic-naïve first episode patients (Shad et al., 2006a). 
This study showed a positive relationship between awareness of symptoms and right 
dorsolateral prefrontal cortex volume, while attribution of symptoms was positively 
related with right medial orbitofrontal cortex volume (Shad et al., 2006a). Attribution 
of symptoms has also been related positively with superior frontal gyrus volumes, and 
awareness with the bilateral middle frontal gyrus, right gyrus rectus and left anterior 
cingulate gyrus in schizophrenia (Flashman et al., 2001). Buchy et al. (2010) did not 
find any association between GM and WM in the bilateral hippocampus and clinical 
insight, but insight was assessed with only one item of the SUMD in that study (Buchy 
et al., 2010). Altogether, findings across studies implicate lower global brain volume in 
patients with poorer clinical insight. More specifically, results of ROI-studies suggest 
that lower frontal volume is implicated in poorer insight most frequently.

VBM-studies showed results that were somewhat more mixed. The meta-analytical 
results on total clinical insight and VBM-studies did not show volumes of specific regions 
to be associated with clinical insight, which is in line with mixed results shown by the 
individual VBM-studies. Of the latter studies, insight was positively related to volume 
of the cerebellum, inferior temporal gyrus, superior frontal gyrus, inferior frontal gyrus 
and lingual gyrus (Bergé et al., 2011) in drug-naïve first-episode patients. Three other 
studies included in the meta-analysis showed a positive association between insight and 
volume or cortical thickness in varying brain areas distributed across the brain (Emami 
et al., 2016; Ha et al., 2004; Sapara et al., 2016). Emami et al (2016) found thinning of 
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the right insula, superior temporal gyrus and parahippocampal gyrus in schizophrenia 
patients with low insight (Emami et al., 2016). Insight was also positively correlated with 
GM concentrations in the left posterior and right anterior cingulate and bilateral inferior 
temporal regions including the lateral fusiform gyrus (Ha et al., 2004) and widespread 
areas across the brain (Sapara et al., 2016) in schizophrenia patients. A last study 
reported a significant negative association between clinical insight and volume of the left 
medial frontal gyrus and adjacent anterior cingulate cortex (Bassitt et al., 2007). Six other 
studies did not find an association between total insight and volume (Buchy et al., 2017; 
Gerretsen et al., 2015, 2013; McFarland et al., 2013; Morgan et al., 2010; Raij et al., 2012). 

VBM-studies that could not be included in the meta-analyses, as they only investigated 
clinical insight subdimensions, also showed mixed results. Strikingly, symptom 
misattribution was associated with lower GM volume in the bilateral caudate, left 
thalamus, right insula, putamen and cerebellum in first episode patients, but not 
in schizophrenia (McFarland et al., 2013). Although Buchy et al. (2017) did not find 
any baseline associations between insight and cortical thickness, they found that a 
decrease of insight was associated with cortical thinning in the dorsal precentral and 
postcentral gyri (Buchy et al., 2017). Cooke et al. (2008) examined the relationship 
between GM volume and subdimensions of insight in patients with schizophrenia 
or schizoaffective disorder, and found that ‘the ability to recognize experiences as 
abnormal’ was positively associated with right superior temporal gyrus volume. In the 
same study, ‘awareness of problems’ was positively related to left precuneus volume, 
whereas ‘awareness of symptoms and attributing them to illness’ was related to 
volumes of the left superior middle temporal gyrus, the right inferior temporal gyrus 
and lateral parietal gyri (Cooke et al., 2008). No association between ‘recognition of 
need for medication’ and GM volume was found in that study (Cooke et al., 2008). 
Summarized, VBM-studies did not show a clear structural substrate of clinical insight 
but show abnormalities across the brain.

2.5.2 Clinical insight and brain function
The meta-analysis on clinical insight and fMRI-studies did not show significant results, 
which might be explained by the heterogeneity of paradigms and processes that were 
examined in these studies. All studies showed significant correlations between BOLD 
response and aspects of clinical insight, or significant differences in BOLD response 
between high and low insight groups. Some authors found associations between 
clinical insight and brain activity during basic neurocognitive processes. For example, 
poorer insight was related to lower activation in the precuneus and cerebellum during a 
working memory task (Sapara et al., 2014). Other studies examined higher-order social 
or self-related cognitive processes, in which clinical insight was found to be positively 
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related to activation in the superior (Bedford et al., 2012) and inferior frontal gyri, left 
insula and left inferior parietal lobule (van der Meer et al., 2013), but negatively related 
to activation in the right middle frontal gyrus and precuneus during self-evaluation 
(Bedford et al., 2012) in schizophrenia. Schizophrenia patients with poor insight also 
showed less activation than patients with good insight during a verbal self-motoring 
task in areas such as the putamen extending to the caudate, insula and inferior frontal 
gyrus (Sapara et al., 2015). Gerretsen et al. (2015) found a positive association between 
insight and activation in the left temporoparietal-occipital junction during an illness 
denial task (Gerretsen et al., 2015). In an additional study focused on clinical insight 
subdimensions, Shad and Keshavan (2015) found that awareness of symptoms was 
associated with widespread activation in prefrontal, parietal and limbic areas and the 
basal ganglia during a self-awareness task. Attribution of symptoms was associated 
with more localised activity in the prefrontal cortex and basal ganglia (Shad and 
Keshavan, 2015). fMRI-studies were very heterogeneous, however, with paradigms 
that tap on different cognitive processes that also involve certain regions more than 
others. Nonetheless, altogether, (pre)frontal regions have been implicated most 
consistently in clinical insight. 

2.5.3 Cognitive insight
Cognitive insight is a relatively newer construct compared to clinical insight and, 
therefore, our search did not yield enough studies to conduct a meta-analysis. No 
studies on global brain volume and cognitive insight were found. Results of other 
studies appear somewhat more consistent than the results for clinical insight, as 
hippocampal and ventrolateral prefrontal cortex abnormalities were found most 
often. In a ROI-study in 15 FEP patients, Buchy et al. (2016) did not find a significant 
association between hippocampal volumes and self-reflectiveness nor self-certainty, 
while a cortical thickness study on the exact same sample showed that lower self-
reflectiveness and higher self-certainty (i.e. both contributing to lower cognitive 
insight) were both associated with widespread reductions in cortical thickness in 
frontal, parietal and temporal cortices, including the hippocampus (Buchy et al., 
2016). A VBM study on cognitive insight showed that self-reflectiveness was positively 
related to GM volume of the right ventrolateral prefrontal cortex in individuals with 
schizophrenia (Orfei et al., 2013). GM volume of the hippocampus was found to be 
negatively related to self-certainty and not to self-reflection (Buchy et al., 2010; Orfei 
et al., 2017). Finally, Buchy et al. (2010) also found that total cognitive insight was 
positively related to left hippocampal volume (Buchy et al., 2010). A last study of which 
the sample partially overlapped with a previous publication of this group (Buchy et al., 
2018) found a negative relationship between self-reflectiveness and cortical thickness 
of the right occipital lobe (Buchy et al., 2018).
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Three fMRI-studies (Buchy et al., 2015; Lee et al., 2015; van der Meer et al., 2013) and 
one Near-infrared spectroscopy (NIRS) study (Pu et al., 2013) on cognitive insight found 
significant (positive and negative) associations between BOLD response and aspects 
of cognitive insight. Total cognitive insight was associated with activation in the left 
dorsolateral prefrontal cortex, left parahippocampal gyrus, right posterior cingulate 
cortex and right inferior parietal lobule during reality evaluation and recognition 
(Lee et al., 2015). Other studies did not find significant associations between BCIS 
composite index scores and brain activation (Pu et al., 2013; van der Meer et al., 
2013). Self-reflectiveness was also negatively associated with activation in the left 
parahippocampal gyrus during reality evaluation (Lee et al., 2015). Additionally, self-
reflectiveness was positively associated with activation in the bilateral VLPFC in 25 first-
episode schizophrenia patients (Buchy et al., 2015) as well as in 22 healthy individuals 
(Buchy et al., 2014) during an external source memory task. Self-reflectiveness was 
also positively associated with activity in the bilateral ventromedial prefrontal cortex 
during self-reflection (van der Meer et al., 2013). Last, self-reflectiveness was positively 
associated with hemodynamic changes in frontal and temporal areas as measured 
with NIRS (Pu et al., 2013). Self-certainty, on the other hand, was positively associated 
with activation in the midbrain in 22 healthy individuals performing an external source 
memory task (Buchy et al., 2014). Other studies did not find significant associations for 
self-certainty (Buchy et al., 2015; Lee et al., 2015; van der Meer et al., 2013).

2.5.4 Processes involved in insight
In sum, results of meta-analyses as well as the systematic review of additional studies 
consistently showed poor clinical insight to be related to lower GM- as well as WM-
volume, particularly in frontal areas. Areas such as the inferior and superior temporal 
gyrus were also often found in structural imaging studies, while functional imaging 
studies implicated the inferior frontal gyrus and insula more often than other areas. 
Altogether, structural and functional abnormalities of widespread areas across the 
brain have been related to poorer clinical insight. This suggest that insight is associated 
with a network of brain areas, illustrating that clinical insight is a complex construct 
with several partly overlapping dimensions that may be associated with functioning 
of different overlapping brain areas and several self-related cognitive processes. 
These may be processes such as error monitoring and correction (Koren et al., 2004), 
working memory and cognitive flexibility (Nair et al., 2014) and the ability to use 
explicit feedback of others to improve task performance (de Vos et al., 2015), but also 
higher-order social cognitive and self-oriented processes such as self-reflectiveness, 
affective mentalizing and empathy (Pijnenborg et al., 2013a). All these processes 
enable individuals to compare ideas about the self (including having a mental illness) 
with new information or feedback from others, so that one’s self-representations 
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can be flexibly corrected when these are not in line with that information. Thus, 
clinical insight might be the outcome of several self-related cognitive processes in 
combination with information about one’s mental state inferred from interactions with 
others. Besides that, non-cognitive factors, such as stigma sensitivity (Cooke et al., 
2005), are associated with poor clinical insight as well, providing further evidence 
that poor insight cannot not merely be explained by deficits related to malfunctioning 
or atrophy of isolated brain areas. Rather, complex cognitive-emotional interactions 
in otherwise intact circuits could also play a key role in this multifaceted but highly 
clinically relevant phenomenon. 

Regarding cognitive insight, we mainly found associations with the ventrolateral 
prefrontal cortex and hippocampal areas, both in functional and structural studies. 
The ventrolateral prefrontal cortex has been linked to self-reflection and controlled 
retrieval of stored conceptual representations (Badre and Wagner, 2007; Levy and 
Wagner, 2011) and working memory (Buchy et al., 2015; Wolf et al., 2006). These 
memory processes have been linked to the ability to hold information online and is 
hypothesized to play a role in the ability to compare and integrate new information 
about the self to the stored self-image (Orfei et al., 2013). The hippocampus was also 
found to play a role in self-related processes in previous studies (Schmitz and Johnson, 
2006), forming a network with the dorsal medial and dorsolateral prefrontal cortex that 
facilitates cognitive control and monitoring of self-related decisions. The hippocampus 
also plays a role in several memory processes (Sheldon and Levine, 2018) that have 
been associated with cognitive insight (Davies et al., 2017), in particular declarative 
memory. Thus, integrated results suggest that cognitive insight mainly relies on the 
ability to retrieve and integrate self-related information.

2.5.5 Limitations
Whereas almost 2000 publications were reviewed, only 37 studies could be included. 
These studies were still rather diverse in terms of samples and measurements. As a 
result, meta-analyses were sometimes not possible, and meta-analyses that were 
conducted were likely to be underpowered, which may have caused a biased estimation 
or an underestimation of the effects. The majority of studies had small to modest 
sample sizes, and calculated many correlations without proper correction for multiple 
testing. This could have led to false positives. Differences in preprocessing choices, 
such as smoothing filter size and method of segmentation, may also influence results. 
A great variety of insight measures were used across studies, with interview-based 
ratings possibly measuring different aspects of insight compared to self-report ratings 
(Young et al., 2003). Some studies examined insight dimensions, while others looked 
at total scores or performed factor analyses. Furthermore, samples varied greatly 
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between studies. The patient population is already very heterogeneous, but illness-
related factors such as illness duration and antipsychotic use also varied significantly 
between studies. These factors have been shown to influence insight (Garver et al., 
2005; Lieberman et al., 2005), making it even harder to integrate findings.

Of note, the current conceptualization of clinical insight is, to a considerable degree, 
dependent on how researchers and mental health workers perceive illness and to what 
extent the patient agrees with this view. This means that when opinions on mental 
health change over time, patients have to adapt their illness perceptions in line with 
these changes to be perceived as having good insight. This approach is to some 
extent arbitrary and problematic, insofar it “penalizes” possibly justified considerations 
regarding the nature of mental illness on behalf of the patient. That is, clinical insight 
may, to a certain extent, reflect the tendency to agree with others rather than true 
insight in one’s mental state. A broader definition of insight has been proposed: 
narrative insight focuses on the ability to integrate illness into one’s personal life story, 
instead of the willingness to understand one’s mental health problems in line with the 
medical model (Roe et al., 2008). Narrative insight relies on the ability to integrate one’s 
one perspective with that of others to make sense of what has happened, or how one 
functions. Future studies may focus on neural underpinnings and processes that are 
involved in this ability. 

2.5.6 Conclusions
Although studies were diverse, the results indicate that different brain areas are 
associated with clinical and cognitive insight. More specifically, impaired clinical insight 
appears to be associated with spatially diffuse global abnormalities. It might rely on 
a broad range of (social) cognitive functions. Cognitive insight, on the other hand, 
appears to involve the hippocampus and inferior frontal gyrus/ventrolateral prefrontal 
cortex and may thus rely more on the specific ability to retrieve and integrate self-
related information.
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2.6 Tables

Table 1: Methodological and clinical characteristics of studies included in meta-analysis on clinical 
insight and total brain volume (n=8).

Study Sample size 
(males) & 
diagnosis

Age Illness 
duration 
(years)

Type of medication; 
mean CPZ 
equivalents (mg)

PANSS score Neuroimaging 
technique

Statistical 
threshold

Insight 
measure

Brain 
measure

Association 
with insight

Significance

(Flashman et 
al., 2000)

30 (22): DSM-
IV 24 SZ, 5 
SA, 1 NOS

34.9 ± 11.9 MRI: whole 
brain volume 
and intracranial 
volume

punc<0.05 SUMD total Whole brain 
volume

Positive Significant

SUMD total Intracranial 
volume

Positive Significant

(Larøi et al., 
2000)

21 (11) DSM-
IV SZ

36 ± 10.2 12.77 ± 11.36 All on neuroleptics 
with mean of 2.2 ± 1 
defined daily dose

CT: visual 
inspection 
ventricular 
enlargement and/
or sulcal widening

punc<0.05 SUMD total Cortical 
atrophy

Positive Significant

(Palaniyappan 
et al., 2011)*

57 (50) DSM-
IV SZ

26.10 ± 7.49 4.3 All on atypical 
antipsychotics; 
288.7

MRI: WM and 
cortical surface 
area

pBonferroni-

Holm<0.05
Symptoms 
and Signs 
in Psychotic 
Illness scale 
sub-item

Total WM Positive Not 
significant

Symptoms 
and Signs 
in Psychotic 
Illness scale 
sub-item

Total cortical 
surface area

Negative Not 
significant

(McEvoy et al., 
2006)

226 (184) 
FEP: 133 SZ, 
69 SF, 24 SA 

23.86 ± 4.71 1.20 ± 1.15 168 on 
antipsychotics

80.48 ± 14.65 MRI: GM, WM, 
CSF, total brain 
volume (GM+WM), 
lateral ventricular 
volume

punc<0.05 ITAQ total Total GM+WM Positive Significant

ITAQ total Total GM Positive Significant

ITAQ total Total WM Positive Significant

ITAQ total Total CSF Negative Not 
significant

ITAQ total Lateral 
ventricular 
volume

Negative Not 
significant
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insight and total brain volume (n=8).
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measure

Association 
with insight

Significance
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57 (50) DSM-
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26.10 ± 7.49 4.3 All on atypical 
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288.7

MRI: WM and 
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Symptoms 
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Illness scale 
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Symptoms 
and Signs 
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Total cortical 
surface area
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significant

(McEvoy et al., 
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226 (184) 
FEP: 133 SZ, 
69 SF, 24 SA 

23.86 ± 4.71 1.20 ± 1.15 168 on 
antipsychotics

80.48 ± 14.65 MRI: GM, WM, 
CSF, total brain 
volume (GM+WM), 
lateral ventricular 
volume
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ITAQ total Total CSF Negative Not 
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ventricular 
volume
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Table 1: Continued.

Study Sample size 
(males) & 
diagnosis

Age Illness 
duration 
(years)

Type of medication; 
mean CPZ 
equivalents (mg)

PANSS score Neuroimaging 
technique

Statistical 
threshold

Insight 
measure

Brain 
measure

Association 
with insight

Significance

(Bassitt et al., 
2007)*

50 (38) DSM-
IV SZ

31.7 ± 7.1 11.4 ± 7.4 All on 
antipsychotics: 
typical (n=4), 
second-generation 
(n=17), clozapine 
(n=21), combination 
of either typical 
plus second-
generation (n=6) 
or typical plus 
clozapine (n=2)

59.1 ± 14.4 MRI: GM, WM punc<0.001 SUMD 
combined 
awareness and 
attribution item

Total GM Positive Not 
significant

SUMD 
combined 
awareness and 
attribution item

Total WM Positive Not 
significant

(Sapara et al., 
2007)*

28 (24) DSM-
IV SZ

39 ± 10.51 13.68 ± 
10.05

Typical (n=4), 
atypical (n=23) 
or both typical 
and atypical (n=1) 
antipsychotics

63.11 ± 11.47 MRI: GM, WM punc<0.05 BIS total Total GM+WM Positive Not 
significant

BIS Insight into 
symptoms

Total GM+WM Positive Not 
significant

BIS Insight into 
illness

Total GM+WM Positive Not 
significant

BIS Need for 
treatment

Total GM+WM Negative Not 
significant

SAI-E total Total GM+WM Positive Not 
significant

SAI-E Insight 
into symptoms

Total GM+WM Positive Not 
significant

SAI-E Insight 
into illness

Total GM+WM Positive Not 
significant

SAI-E Need for 
treatment

Total GM+WM Positive Not 
significant

SAI-E 
Insight into 
consequences

Total GM+WM Positive Not 
significant

(Morgan et al., 
2010)*

82 (50) 
first-onset 
psychosis: 
ICD-10 39 SZ, 
6 SA, 17 BD, 
10 depressive 
psychosis, 
10 other 
psychosis

27.15 ± 7.58 0.25 ± 0.25 Typical (n=21), 
atypical (n=19), 
mixed (n=29) or 
none (n=13)

MRI: GM, 
ventricular volume 

pclustered-

mass<0.01
SAI-E total Total GM Positive Not 

significant

SAI-E total Ventricular 
volume

Not 
significant

SAI-E 
Relabeling of 
symptoms

Total GM or 
ventricular 
volume

Not 
significant
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Table 1: Continued.

Study Sample size 
(males) & 
diagnosis

Age Illness 
duration 
(years)

Type of medication; 
mean CPZ 
equivalents (mg)

PANSS score Neuroimaging 
technique

Statistical 
threshold

Insight 
measure

Brain 
measure

Association 
with insight

Significance
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or both typical 
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Total GM+WM Positive Not 
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BIS Need for 
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Total GM+WM Negative Not 
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SAI-E total Total GM+WM Positive Not 
significant

SAI-E Insight 
into symptoms

Total GM+WM Positive Not 
significant

SAI-E Insight 
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Total GM+WM Positive Not 
significant

SAI-E Need for 
treatment

Total GM+WM Positive Not 
significant

SAI-E 
Insight into 
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Total GM+WM Positive Not 
significant

(Morgan et al., 
2010)*

82 (50) 
first-onset 
psychosis: 
ICD-10 39 SZ, 
6 SA, 17 BD, 
10 depressive 
psychosis, 
10 other 
psychosis

27.15 ± 7.58 0.25 ± 0.25 Typical (n=21), 
atypical (n=19), 
mixed (n=29) or 
none (n=13)

MRI: GM, 
ventricular volume 

pclustered-

mass<0.01
SAI-E total Total GM Positive Not 

significant

SAI-E total Ventricular 
volume

Not 
significant

SAI-E 
Relabeling of 
symptoms

Total GM or 
ventricular 
volume

Not 
significant
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Table 1: Continued.

Study Sample size 
(males) & 
diagnosis

Age Illness 
duration 
(years)

Type of medication; 
mean CPZ 
equivalents (mg)

PANSS score Neuroimaging 
technique

Statistical 
threshold

Insight 
measure

Brain 
measure

Association 
with insight

Significance

(Gerretsen et 
al., 2013)*

52 (33) DSM-
IV-TR SZ

41.5 ± 14.5 17.0 ± 14.1 43.0 ± 11.6 MRI: WM, GM pBonferroni<0.01 PANSS G12 Total WM Positive Significant

PANSS G12 Total GM Negative Not 
significant

*Included in multiple meta-analyses as multiple methods are reported. 
NB: higher insight is reflected by higher scores on some insight measures but lower scores on other 
insight measures. Note that in the “Association with insight” column, the association with insight is 
stated and not with the insight measure (e.g. positive association: lower volume with lower insight).
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Table 1: Continued.

Study Sample size 
(males) & 
diagnosis

Age Illness 
duration 
(years)

Type of medication; 
mean CPZ 
equivalents (mg)

PANSS score Neuroimaging 
technique

Statistical 
threshold

Insight 
measure

Brain 
measure

Association 
with insight

Significance

(Gerretsen et 
al., 2013)*

52 (33) DSM-
IV-TR SZ

41.5 ± 14.5 17.0 ± 14.1 43.0 ± 11.6 MRI: WM, GM pBonferroni<0.01 PANSS G12 Total WM Positive Significant

PANSS G12 Total GM Negative Not 
significant

*Included in multiple meta-analyses as multiple methods are reported. 
NB: higher insight is reflected by higher scores on some insight measures but lower scores on other 
insight measures. Note that in the “Association with insight” column, the association with insight is 
stated and not with the insight measure (e.g. positive association: lower volume with lower insight).
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Table 2: Methodological characteristics of studies included in meta-analysis on clinical insight and 
volume regions of interest (ROIs) (n=3).

Study Sample size & 
diagnosis

Neuroimaging 
technique

ROIs Statistical 
threshold

Insight measure Brain measure Association 
with insight

Significance

(Shad et al., 
2004)

35 SZ/SA MRI: GM volume 4 ROIs: Left and 
right dorsolateral 
prefrontal cortex 
and hippocampus

punc<0.05 Insight item of HDRS Right dorsolateral prefrontal cortex Positive Significant

Insight item of HDRS Left dorsolateral prefrontal cortex Positive Not significant

Insight item of HDRS Left hippocampus Negative Not significant

Insight item of HDRS Right hippocampus Negative Not significant

(Sapara et al., 
2007)*

28 SZ MRI: GM volume 15 ROIs: Total, left 
and right: prefrontal 
cortex, superior 
frontal gyrus, 
middle frontal 
gyrus, inferior 
frontal gyrus, 
orbitofrontal gyrus

punc<0.05 BIS total, BIS Insight 
into symptoms, BIS 
Insight into illness, BIS 
Need for treatment, 
SAI-E total, SAI-E 
Insight into symptoms, 
SAI-E Insight into 
illness, SAI-E Need 
for treatment, 
SAI-E Insight into 
consequences

BIS total 
& 
total prefrontal cortex, total inferior 
frontal gyrus, total/right/left orbitofrontal 
gyrus

Positive Significant

BIS Insight into Illness
&
Total/left/right prefrontal cortex, right 
superior frontal gyrus, total inferior 
frontal gyrus, total/right orbitofrontal 
gyrus

Positive Significant

BIS Insight into symptoms 
& right orbitofrontal gyrus

Positive Significant

SAI-E total & left prefrontal cortex Positive Significant 

SAI-E Insight into illness 
&
left prefrontal cortex, total/right/left 
orbitofrontal gyrus

Positive Significant

SAI-E Insight into symptoms
& right orbitofrontal gyrus

Positive Significant

SAI-E Need for treatment 
& left middle frontal gyrus

Positive Significant

(Gerretsen et 
al., 2013)*

52 SZ MRI: GM and WM 
volume

12 ROIs: GM and 
WM of left and right 
frontal, parietal, and 
temporal lobes

pBonferroni<0.01 PANSS G12 WM parietal lobe Positive Significant

GM and WM frontal and temporal lobes, 
WM parietal lobe

Not significant

*Included in multiple meta-analyses as multiple methods are reported. 
NB: higher insight is reflected by higher scores on some insight measures but lower scores on other 
insight measures. Note that in the “Association with insight” column, the association with insight is 
stated and not with the insight measure (e.g. positive association: lower volume with lower insight).
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Table 2: Methodological characteristics of studies included in meta-analysis on clinical insight and 
volume regions of interest (ROIs) (n=3).

Study Sample size & 
diagnosis

Neuroimaging 
technique

ROIs Statistical 
threshold

Insight measure Brain measure Association 
with insight

Significance

(Shad et al., 
2004)

35 SZ/SA MRI: GM volume 4 ROIs: Left and 
right dorsolateral 
prefrontal cortex 
and hippocampus

punc<0.05 Insight item of HDRS Right dorsolateral prefrontal cortex Positive Significant

Insight item of HDRS Left dorsolateral prefrontal cortex Positive Not significant

Insight item of HDRS Left hippocampus Negative Not significant

Insight item of HDRS Right hippocampus Negative Not significant

(Sapara et al., 
2007)*

28 SZ MRI: GM volume 15 ROIs: Total, left 
and right: prefrontal 
cortex, superior 
frontal gyrus, 
middle frontal 
gyrus, inferior 
frontal gyrus, 
orbitofrontal gyrus

punc<0.05 BIS total, BIS Insight 
into symptoms, BIS 
Insight into illness, BIS 
Need for treatment, 
SAI-E total, SAI-E 
Insight into symptoms, 
SAI-E Insight into 
illness, SAI-E Need 
for treatment, 
SAI-E Insight into 
consequences

BIS total 
& 
total prefrontal cortex, total inferior 
frontal gyrus, total/right/left orbitofrontal 
gyrus

Positive Significant

BIS Insight into Illness
&
Total/left/right prefrontal cortex, right 
superior frontal gyrus, total inferior 
frontal gyrus, total/right orbitofrontal 
gyrus

Positive Significant

BIS Insight into symptoms 
& right orbitofrontal gyrus

Positive Significant

SAI-E total & left prefrontal cortex Positive Significant 

SAI-E Insight into illness 
&
left prefrontal cortex, total/right/left 
orbitofrontal gyrus

Positive Significant

SAI-E Insight into symptoms
& right orbitofrontal gyrus

Positive Significant

SAI-E Need for treatment 
& left middle frontal gyrus

Positive Significant

(Gerretsen et 
al., 2013)*

52 SZ MRI: GM and WM 
volume

12 ROIs: GM and 
WM of left and right 
frontal, parietal, and 
temporal lobes

pBonferroni<0.01 PANSS G12 WM parietal lobe Positive Significant

GM and WM frontal and temporal lobes, 
WM parietal lobe

Not significant

*Included in multiple meta-analyses as multiple methods are reported. 
NB: higher insight is reflected by higher scores on some insight measures but lower scores on other 
insight measures. Note that in the “Association with insight” column, the association with insight is 
stated and not with the insight measure (e.g. positive association: lower volume with lower insight).
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Table 3: Clinical characteristics of studies included in meta-analysis on clinical insight and volume 
regions of interest (ROIs) (n=3).

Study Diagnosis Insight measure Sample size 
(number of 
males)

Age Mean illness 
duration 
(years)

Type of medication; mean 
CPZ equivalents (mg)

PANSS 
score

In/out 
patients

(Shad et al., 2004) DSM-IV diagnosis of schizophrenia 
(n=30) or schizoaffective disorder (n=5)

Insight item of HDRS 35 (24) 25.76 ± 7.25 2.79 ± 4.25 In

(Sapara et al., 
2007)*

DSM-IV diagnosis of schizophrenia BIS total, BIS 3 subscales, SAI-E 
total, SAI-E 4 subscales

28 (24) 39 ± 10.51 13.68 ± 10.05 Typical (n=4), atypical 
(n=23) or both typical 
and atypical (n=1) 
antipsychotics

63.11 ±11.47 Out 

(Gerretsen et al., 
2013)*

DSM-IV-TR diagnosis of schizophrenia PANSS G12 52 (33) 41.5 ± 14.5 17.0 ± 14.1 43.0 ± 11.6

*Included in multiple meta-analyses as multiple methods are reported. 
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Table 3: Clinical characteristics of studies included in meta-analysis on clinical insight and volume 
regions of interest (ROIs) (n=3).

Study Diagnosis Insight measure Sample size 
(number of 
males)

Age Mean illness 
duration 
(years)

Type of medication; mean 
CPZ equivalents (mg)

PANSS 
score

In/out 
patients

(Shad et al., 2004) DSM-IV diagnosis of schizophrenia 
(n=30) or schizoaffective disorder (n=5)

Insight item of HDRS 35 (24) 25.76 ± 7.25 2.79 ± 4.25 In

(Sapara et al., 
2007)*

DSM-IV diagnosis of schizophrenia BIS total, BIS 3 subscales, SAI-E 
total, SAI-E 4 subscales

28 (24) 39 ± 10.51 13.68 ± 10.05 Typical (n=4), atypical 
(n=23) or both typical 
and atypical (n=1) 
antipsychotics

63.11 ±11.47 Out 

(Gerretsen et al., 
2013)*

DSM-IV-TR diagnosis of schizophrenia PANSS G12 52 (33) 41.5 ± 14.5 17.0 ± 14.1 43.0 ± 11.6

*Included in multiple meta-analyses as multiple methods are reported. 
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Table 4: Methodological characteristics of studies included in meta-analysis on clinical insight and 
voxel-based morphometry (VBM) or cortical thickness (n=11).

Study Sample size 
& diagnosis

Neuroimaging 
technique

Field 
strength 
scanner

FOV ROIs Statistical 
threshold

Insight measure Brain measure Association 
with insight

Significance

(Ha et al., 
2004)

35 SZ VBM 1.5T WB n.a. punc<0.001+ 
k>50

PANSS G12 Left posterior cingulate 
gyrus, right anterior 
cingulate gyrus, bilateral 
inferior temporal gyri

Positive Significant

(Bassitt et 
al., 2007)*

50 SZ VBM 1.5T ROI 
(coordinate)

Prefrontal cortex 
including dorsolateral 
prefrontal cortex, 
dorsomedial prefrontal 
cortex, orbitofrontal 
cortex, anterior 
cingulate cortex

pFWE<0.05 and 
small-volume 
correction

SUMD combined 
awareness and 
attribution item

Left medial frontal gyrus 
and adjacent anterior 
cingulate cortex

Negative Significant

(Morgan et 
al., 2010)*

82 first-
onset 
psychosis

VBM 1.5T WB n.a. pcluster-mass 

corrected<0.01
SAI-E total n.a. Not significant

SAI-E Relabeling 
of symptoms

(Bergé et al., 
2011)

21 FEP VBM WB n.a. punc<0.0001 + 
k>100

SUMD global 
items (3)

Bilateral superior medial 
frontal, left cerebellum 
4-5, right inferior frontal 
operculum, right inferior 
temporal, right superior 
frontal, right lingual, 
right cerebellum crus 2

Positive Significant

(Raij et al., 
2012)*

21 SZ VBM 3T WB n.a. punc<0.0001 
+pFWE _cluster<0.05

SUMD total n.a. Not significant

(Gerretsen et 
al., 2013)*

52 SZ VBM 1.5T 3 ROIs 
(coordinate)

Right frontal lobe, right 
parietal lobe, right 
temporal lobe

punc<0.001 + 
k>20+pFWE<0.05

PANSS G12 n.a. Not significant

(McFarland 
et al., 2013)

Experiment 
1: 32 FEP

VBM 1.5T WB n.a. pFDR<0.05 SUMD symptom 
misattribution

Bilateral caudate, left 
thalamus, right insula, 
right putamen and 
cerebellum

Negative Significant

SUMD Awareness n.a. n.a. Not significant

Experiment 
2: 30 SZ

VBM 1.5T WB n.a. pFDR<0.05 SUMD Awareness, 
SUMD Symptom 
misattribution

n.a. n.a. Not significant

SUMD total n.a. n.a. Not significant

(Gerretsen et 
al., 2015)*

18 SZ/SA CTh 1.5T WB n.a. pFDR<0.01 SAI-E subtotal n.a. n.a. Not significant
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Table 4: Methodological characteristics of studies included in meta-analysis on clinical insight and 
voxel-based morphometry (VBM) or cortical thickness (n=11).

Study Sample size 
& diagnosis

Neuroimaging 
technique

Field 
strength 
scanner

FOV ROIs Statistical 
threshold

Insight measure Brain measure Association 
with insight

Significance

(Ha et al., 
2004)

35 SZ VBM 1.5T WB n.a. punc<0.001+ 
k>50

PANSS G12 Left posterior cingulate 
gyrus, right anterior 
cingulate gyrus, bilateral 
inferior temporal gyri

Positive Significant

(Bassitt et 
al., 2007)*

50 SZ VBM 1.5T ROI 
(coordinate)

Prefrontal cortex 
including dorsolateral 
prefrontal cortex, 
dorsomedial prefrontal 
cortex, orbitofrontal 
cortex, anterior 
cingulate cortex

pFWE<0.05 and 
small-volume 
correction

SUMD combined 
awareness and 
attribution item

Left medial frontal gyrus 
and adjacent anterior 
cingulate cortex

Negative Significant

(Morgan et 
al., 2010)*

82 first-
onset 
psychosis

VBM 1.5T WB n.a. pcluster-mass 

corrected<0.01
SAI-E total n.a. Not significant

SAI-E Relabeling 
of symptoms

(Bergé et al., 
2011)

21 FEP VBM WB n.a. punc<0.0001 + 
k>100

SUMD global 
items (3)

Bilateral superior medial 
frontal, left cerebellum 
4-5, right inferior frontal 
operculum, right inferior 
temporal, right superior 
frontal, right lingual, 
right cerebellum crus 2

Positive Significant

(Raij et al., 
2012)*

21 SZ VBM 3T WB n.a. punc<0.0001 
+pFWE _cluster<0.05

SUMD total n.a. Not significant

(Gerretsen et 
al., 2013)*

52 SZ VBM 1.5T 3 ROIs 
(coordinate)

Right frontal lobe, right 
parietal lobe, right 
temporal lobe

punc<0.001 + 
k>20+pFWE<0.05

PANSS G12 n.a. Not significant

(McFarland 
et al., 2013)

Experiment 
1: 32 FEP

VBM 1.5T WB n.a. pFDR<0.05 SUMD symptom 
misattribution

Bilateral caudate, left 
thalamus, right insula, 
right putamen and 
cerebellum

Negative Significant

SUMD Awareness n.a. n.a. Not significant

Experiment 
2: 30 SZ

VBM 1.5T WB n.a. pFDR<0.05 SUMD Awareness, 
SUMD Symptom 
misattribution

n.a. n.a. Not significant

SUMD total n.a. n.a. Not significant

(Gerretsen et 
al., 2015)*

18 SZ/SA CTh 1.5T WB n.a. pFDR<0.01 SAI-E subtotal n.a. n.a. Not significant
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Table 4: Continued.

Study Sample size 
& diagnosis

Neuroimaging 
technique

Field 
strength 
scanner

FOV ROIs Statistical 
threshold

Insight measure Brain measure Association 
with insight

Significance

(Emami et 
al., 2016)

66 SZ CTh

2 groups: low 
insight (SAI-E 
item 7: 0–2; 
n=33), and 
high insight 
(item 7: 2-4; 
n=33) 

3T WB n.a. punc<0.01 Between-group analysis 
(high vs low insight): 
right superior temporal 
gyrus, parahippocampal 
gyrus, and insula

Positive Significant

(Sapara et 
al., 2016)

40 SZ VBM 1.5T WB n.a. punc<0.005 + 
pFWE_cluster<0.05

BIS total

Between group 
analysis: impaired 
insight (BIS total 
minus item 4 ≤ 8) 
versus preserved 
insight (BIS total 
minus item 4>13).

Between-group 
analysis (preserved 
vs impaired insight): 
bilateral superior 
temporal gyrus, bilateral 
precentral gyrus, 
bilateral inferior frontal 
gyrus, right postcentral 
gyrus, bilateral 
parahippocampus, left 
middle frontal gyrus, left 
middle temporal gyrus, 
bilateral cuneus, right 
cerebellum

Positive Significant

(Buchy et al., 
2017)

128 FEP CTh 1.5T WB n.a. punc<0.005 SUMD sum of 
items 1, 2a and 2b

n.a. n.a. Not significant

*Included in multiple meta-analyses as multiple methods are reported. 
NB: higher insight is reflected by higher scores on some insight measures but lower scores on other 
insight measures. Note that in the “Association with insight” column, the association with insight is 
stated and not with the insight measure (e.g. positive association: lower volume with lower insight).
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Table 4: Continued.

Study Sample size 
& diagnosis

Neuroimaging 
technique

Field 
strength 
scanner

FOV ROIs Statistical 
threshold

Insight measure Brain measure Association 
with insight

Significance

(Emami et 
al., 2016)

66 SZ CTh

2 groups: low 
insight (SAI-E 
item 7: 0–2; 
n=33), and 
high insight 
(item 7: 2-4; 
n=33) 

3T WB n.a. punc<0.01 Between-group analysis 
(high vs low insight): 
right superior temporal 
gyrus, parahippocampal 
gyrus, and insula

Positive Significant

(Sapara et 
al., 2016)

40 SZ VBM 1.5T WB n.a. punc<0.005 + 
pFWE_cluster<0.05

BIS total

Between group 
analysis: impaired 
insight (BIS total 
minus item 4 ≤ 8) 
versus preserved 
insight (BIS total 
minus item 4>13).

Between-group 
analysis (preserved 
vs impaired insight): 
bilateral superior 
temporal gyrus, bilateral 
precentral gyrus, 
bilateral inferior frontal 
gyrus, right postcentral 
gyrus, bilateral 
parahippocampus, left 
middle frontal gyrus, left 
middle temporal gyrus, 
bilateral cuneus, right 
cerebellum

Positive Significant

(Buchy et al., 
2017)

128 FEP CTh 1.5T WB n.a. punc<0.005 SUMD sum of 
items 1, 2a and 2b

n.a. n.a. Not significant

*Included in multiple meta-analyses as multiple methods are reported. 
NB: higher insight is reflected by higher scores on some insight measures but lower scores on other 
insight measures. Note that in the “Association with insight” column, the association with insight is 
stated and not with the insight measure (e.g. positive association: lower volume with lower insight).
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Table 5: Clinical characteristics of studies included in meta-analysis on clinical insight and voxel-based 
morphometry (VBM) or cortical thickness (n=11).

Study Diagnosis Insight measure Sample size 
(number of 
males)

Age Mean illness 
duration 
(years)

Type of medication; mean CPZ 
equivalents (mg)

PANSS score In/out 
patients

(Ha et al., 2004) DSM-IV diagnosis of schizophrenia PANSS G12 35 (21) 27.8 ± 6.2 4.9 ± 3.7 All on atypical antipsychotics: 
risperidone (n=21), olanzapine (n=9), 
clozapine (n=3)

75 ± 18.5 In/out

(Bassitt et al., 
2007)*

DSM-IV diagnosis of schizophrenia SUMD combined 
awareness and 
attribution item

50 (38) 31.7 ± 7.1 11.4 ± 7.4 All on antipsychotics; typical (n=4), 
second-generation (n=17), clozapine 
(n=21), combination of either typical plus 
second-generation (n=6) or typical plus 
clozapine (n=2)

59.1 ± 14.4 Out 

(Morgan et al., 
2010)*

ICD-10 diagnosis of first-onset psychosis: 
schizophrenia (n=39), schizoaffective 
disorder (n=6), bipolar disorder (n=17), 
depressive psychosis (n=10), other 
psychosis (n=10)

SAI-E total, SAI-E 
Relabeling of 
symptoms

80 (50) 27.15 ± 7.58 0.25 ± 0.25 Typical (n=21), atypical (n=19), mixed 
(n=29) or none (n=13)

In/out

(Bergé et al., 
2011)

DSM-IV diagnosis of first-episode 
psychosis

SUMD global items 
(3)

21 (12) 24.81 ± 4.3 0.01 ± .01 None 84.43 ± 15.7 In

(Raij et al., 
2012)*

DSM-IV of schizophrenia SUMD total 21 (15) 27 ± 4 4.08 ± 1.83 559 ± 506 69 ± 9 

(Gerretsen et 
al., 2013)*

DSM-IV-TR diagnosis of schizophrenia PANSS G12 52 (33) 41.5 ± 14.5 17.0 ± 14.1 43.0 ± 11.6

(McFarland et 
al., 2013)

DSM-IV diagnosis of first-episode 
psychosis: schizophreniform disorder 
(n=9), schizophrenia (n=7), delusional 
disorder (n=2), schizoaffective disorder 
(n=1), bipolar disorder (n=6), psychosis not 
otherwise specified (n=3), depression with 
psychotic features (n=3), brief psychotic 
episode (n=1)

SUMD symptom 
misattribution, 
SUMD 
unawareness

32 (23) 27.8 ± 7.6 1.23 ± 1.39 None (n=3) or atypical antipsychotics: 
Olanzapine (n=15), Risperidone (n=3), 
Quetiapine (n=5), Paliperidone (n=4), 
Aripiprazole (n=2)

Negative=14.8 
± 5.7; 
Positive=17.3 
± 3.8; 
General=32.4 
± 5.9

In/out

DSM-IV diagnosis of schizophrenia SUMD symptom 
misattribution, 
SUMD 
unawareness

30 (22) 35.1 ± 8.7 12.08 (5.09) Negative=15.9 
± 7.9; 
Positive=14.3 
± 7.9; 
General=27.4 
± 12.2

In/out

(Gerretsen et 
al., 2015)*

DSM-IV diagnosis of schizophrenia or 
schizoaffective disorder

SAI-E subtotal 18 (11) 41.7 ± 12.2 18.9 ± 13.6 Clozapine (n=3), risperidone (n=6), 
risperidone IM (n=1), quetiapine (n=3), 
olanzapine (n=3), aripiprazole (n=3), 
loxapine (n=1), zuclopenthixol decanoate 
(n=1), Haldol decanoate (n=1); 346.8 ± 
211.1

In/out
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Table 5: Clinical characteristics of studies included in meta-analysis on clinical insight and voxel-based 
morphometry (VBM) or cortical thickness (n=11).

Study Diagnosis Insight measure Sample size 
(number of 
males)

Age Mean illness 
duration 
(years)

Type of medication; mean CPZ 
equivalents (mg)

PANSS score In/out 
patients

(Ha et al., 2004) DSM-IV diagnosis of schizophrenia PANSS G12 35 (21) 27.8 ± 6.2 4.9 ± 3.7 All on atypical antipsychotics: 
risperidone (n=21), olanzapine (n=9), 
clozapine (n=3)

75 ± 18.5 In/out

(Bassitt et al., 
2007)*

DSM-IV diagnosis of schizophrenia SUMD combined 
awareness and 
attribution item

50 (38) 31.7 ± 7.1 11.4 ± 7.4 All on antipsychotics; typical (n=4), 
second-generation (n=17), clozapine 
(n=21), combination of either typical plus 
second-generation (n=6) or typical plus 
clozapine (n=2)

59.1 ± 14.4 Out 

(Morgan et al., 
2010)*

ICD-10 diagnosis of first-onset psychosis: 
schizophrenia (n=39), schizoaffective 
disorder (n=6), bipolar disorder (n=17), 
depressive psychosis (n=10), other 
psychosis (n=10)

SAI-E total, SAI-E 
Relabeling of 
symptoms

80 (50) 27.15 ± 7.58 0.25 ± 0.25 Typical (n=21), atypical (n=19), mixed 
(n=29) or none (n=13)

In/out

(Bergé et al., 
2011)

DSM-IV diagnosis of first-episode 
psychosis

SUMD global items 
(3)

21 (12) 24.81 ± 4.3 0.01 ± .01 None 84.43 ± 15.7 In

(Raij et al., 
2012)*

DSM-IV of schizophrenia SUMD total 21 (15) 27 ± 4 4.08 ± 1.83 559 ± 506 69 ± 9 

(Gerretsen et 
al., 2013)*

DSM-IV-TR diagnosis of schizophrenia PANSS G12 52 (33) 41.5 ± 14.5 17.0 ± 14.1 43.0 ± 11.6

(McFarland et 
al., 2013)

DSM-IV diagnosis of first-episode 
psychosis: schizophreniform disorder 
(n=9), schizophrenia (n=7), delusional 
disorder (n=2), schizoaffective disorder 
(n=1), bipolar disorder (n=6), psychosis not 
otherwise specified (n=3), depression with 
psychotic features (n=3), brief psychotic 
episode (n=1)

SUMD symptom 
misattribution, 
SUMD 
unawareness

32 (23) 27.8 ± 7.6 1.23 ± 1.39 None (n=3) or atypical antipsychotics: 
Olanzapine (n=15), Risperidone (n=3), 
Quetiapine (n=5), Paliperidone (n=4), 
Aripiprazole (n=2)

Negative=14.8 
± 5.7; 
Positive=17.3 
± 3.8; 
General=32.4 
± 5.9

In/out

DSM-IV diagnosis of schizophrenia SUMD symptom 
misattribution, 
SUMD 
unawareness

30 (22) 35.1 ± 8.7 12.08 (5.09) Negative=15.9 
± 7.9; 
Positive=14.3 
± 7.9; 
General=27.4 
± 12.2

In/out

(Gerretsen et 
al., 2015)*

DSM-IV diagnosis of schizophrenia or 
schizoaffective disorder

SAI-E subtotal 18 (11) 41.7 ± 12.2 18.9 ± 13.6 Clozapine (n=3), risperidone (n=6), 
risperidone IM (n=1), quetiapine (n=3), 
olanzapine (n=3), aripiprazole (n=3), 
loxapine (n=1), zuclopenthixol decanoate 
(n=1), Haldol decanoate (n=1); 346.8 ± 
211.1

In/out
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Table 5: Continued.

Study Diagnosis Insight measure Sample size 
(number of 
males)

Age Mean illness 
duration 
(years)

Type of medication; mean CPZ 
equivalents (mg)

PANSS score In/out 
patients

(Emami et al., 
2016)

DSM-IV diagnosis of schizophrenia SAI-E item 7 66 (51) 34.94 ± 
7.96

12.73 ± 7.49 664.865 ± 664.91 9 in, 57 
out

(Sapara et al., 
2016)

DSM-IV diagnosis of schizophrenia - with 
preserved insight

BIS total 
(excluding item 4)

20 (16) 36.15 ± 
10.54

10.25 Atypical (n=18; 9 olanzapine, 5 
risperidone, 3 clozapine, 1 quetiapine) 
or typical (n=2; 1 sulpiride, 1 haloperidol); 
461.21 ± 333.95

67.70 ± 14.90 Out

DSM-IV diagnosis of schizophrenia - with 
impaired insight

BIS total 
(excluding item 4)

20 (16) 37.8 ± 7.85 13.95 Atypical (n=13; 7 olanzapine, 3 
clozapine, 1 aripiprazole, 1 amisulpride, 
1 risperidone) or typical (n=5; 2 
flupenthixol, 1 fluphenazine, 1 sulpiride, 1 
haloperidol or both (n=2; 1 on clozapine 
+ levomepromazine, 1 zuclopenthixol + 
aripiprazole); 556.63 ± 366.49

66.75 ± 14.02 Out

(Buchy et al., 
2017)

DSM-IV diagnosis of first-episode 
psychosis: schizophrenia (n=75), 
schizophreniform (n=2), schizoaffective 
disorder (n=13), bipolar disorder I (n=15), 
bipolar disorder II (n=1), major depression 
with psychotic features (n=8), delusional 
disorder (n=3), psychosis not otherwise 
specified (n=11)

SUMD sum of 
items 1, 2a and 2b

128 (90) 24.2 ± 4 5.9 ± 5.1 804.9 ± 4.3

*Included in multiple meta-analyses as multiple methods are reported. 
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Table 5: Continued.

Study Diagnosis Insight measure Sample size 
(number of 
males)

Age Mean illness 
duration 
(years)

Type of medication; mean CPZ 
equivalents (mg)

PANSS score In/out 
patients

(Emami et al., 
2016)

DSM-IV diagnosis of schizophrenia SAI-E item 7 66 (51) 34.94 ± 
7.96

12.73 ± 7.49 664.865 ± 664.91 9 in, 57 
out

(Sapara et al., 
2016)

DSM-IV diagnosis of schizophrenia - with 
preserved insight

BIS total 
(excluding item 4)

20 (16) 36.15 ± 
10.54

10.25 Atypical (n=18; 9 olanzapine, 5 
risperidone, 3 clozapine, 1 quetiapine) 
or typical (n=2; 1 sulpiride, 1 haloperidol); 
461.21 ± 333.95

67.70 ± 14.90 Out

DSM-IV diagnosis of schizophrenia - with 
impaired insight

BIS total 
(excluding item 4)

20 (16) 37.8 ± 7.85 13.95 Atypical (n=13; 7 olanzapine, 3 
clozapine, 1 aripiprazole, 1 amisulpride, 
1 risperidone) or typical (n=5; 2 
flupenthixol, 1 fluphenazine, 1 sulpiride, 1 
haloperidol or both (n=2; 1 on clozapine 
+ levomepromazine, 1 zuclopenthixol + 
aripiprazole); 556.63 ± 366.49

66.75 ± 14.02 Out

(Buchy et al., 
2017)

DSM-IV diagnosis of first-episode 
psychosis: schizophrenia (n=75), 
schizophreniform (n=2), schizoaffective 
disorder (n=13), bipolar disorder I (n=15), 
bipolar disorder II (n=1), major depression 
with psychotic features (n=8), delusional 
disorder (n=3), psychosis not otherwise 
specified (n=11)

SUMD sum of 
items 1, 2a and 2b

128 (90) 24.2 ± 4 5.9 ± 5.1 804.9 ± 4.3

*Included in multiple meta-analyses as multiple methods are reported. 
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Table 6: Methodological characteristics of studies included in meta-analysis on clinical insight and 
functional magnetic resonance imaging (fMRI) (n=5).

Study Sample 
size & 
diagnosis

Neuroimaging technique Field 
strength 
scanner

FOV ROIs Statistical 
threshold

Insight 
measure

Brain measure Association 
with insight

Significance

(Bedford et 
al., 2012)

11 SZ fMRI self-evaluation 
task with positive/
negative traits and 
mental/physical illness 
terms

Contrast: self vs other

1.5T ROI 
(Coordinate)

Regions 
identified as 
potentially 
relevant to self-
evaluation in 
patients versus 
controls

pcluster_mass_

corrected<0.01
SAI-E 
Awareness of 
illness

Left superior frontal gyrus Positive Significant

SAI-E total Left superior frontal gyrus Positive Not significant

SAI-E total Right middle frontal gyrus Negative Significant

SAI-E total Bilateral precuneus Negative Significant

(van der 
Meer et al., 
2013)

47 SZ fMRI self-reflection task

Contrast: self-reflection 
>semantic

3T ROI 
(Coordinate)

Medial prefrontal 
cortex, insula, 
intraparietal 
lobule, posterior 
cingulate cortex

punc<0.001 
+ k>10

SAI-E 
subtotal

Left inferior frontal gyrus, left 
anterior insula, and left inferior 
parietal lobule

Positive Significant

SAI-E 
Awareness

Left inferior frontal gyrus, left 
anterior insula, and left inferior 
parietal lobule

Positive Significant

SAI-E 
Relabeling

Left inferior frontal gyrus, left 
anterior insula, and left inferior 
parietal lobule

Positive Significant

SAI-E Need 
for treatment

n.a. Not significant

(Sapara et 
al., 2014)a

32 SZ fMRI parametric ‘n-back’ 
task

Between groups: 
preserved insight (BIS 
≥13) vs poor insight (BIS 
≤8)

Contrast:
2back > rest

1.5T WB n.a. punc<0.005 Between-group (preserved > poor 
insight): precuneus 

Positive Significant

punc<0.005 
+ pFWE_

cluster<0.05

Between-group (preserved > poor 
insight): cerebellum

Positive Significant

(Gerretsen 
et al., 2015)*

18 SZ/SA fMRI illness denial task 
based on SAI-E

Contrast: total 
awareness vs neutral

1.5T ROIs 
(Coordinate)

Medial prefrontal 
cortex, 
dorsolateral 
prefrontal 
cortex, insula, 
anterior 
temporal lobe, 
and temporo-
parieto-occipital 
junction

pFWE_

cluster<0.05
SAI-E 
subtotal

Left temporoparietooccipital 
junction

Negative Significant
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Table 6: Methodological characteristics of studies included in meta-analysis on clinical insight and 
functional magnetic resonance imaging (fMRI) (n=5).

Study Sample 
size & 
diagnosis

Neuroimaging technique Field 
strength 
scanner

FOV ROIs Statistical 
threshold

Insight 
measure

Brain measure Association 
with insight

Significance

(Bedford et 
al., 2012)

11 SZ fMRI self-evaluation 
task with positive/
negative traits and 
mental/physical illness 
terms

Contrast: self vs other

1.5T ROI 
(Coordinate)

Regions 
identified as 
potentially 
relevant to self-
evaluation in 
patients versus 
controls

pcluster_mass_

corrected<0.01
SAI-E 
Awareness of 
illness

Left superior frontal gyrus Positive Significant

SAI-E total Left superior frontal gyrus Positive Not significant

SAI-E total Right middle frontal gyrus Negative Significant

SAI-E total Bilateral precuneus Negative Significant

(van der 
Meer et al., 
2013)

47 SZ fMRI self-reflection task

Contrast: self-reflection 
>semantic

3T ROI 
(Coordinate)

Medial prefrontal 
cortex, insula, 
intraparietal 
lobule, posterior 
cingulate cortex

punc<0.001 
+ k>10

SAI-E 
subtotal

Left inferior frontal gyrus, left 
anterior insula, and left inferior 
parietal lobule

Positive Significant

SAI-E 
Awareness

Left inferior frontal gyrus, left 
anterior insula, and left inferior 
parietal lobule

Positive Significant

SAI-E 
Relabeling

Left inferior frontal gyrus, left 
anterior insula, and left inferior 
parietal lobule

Positive Significant

SAI-E Need 
for treatment

n.a. Not significant

(Sapara et 
al., 2014)a

32 SZ fMRI parametric ‘n-back’ 
task

Between groups: 
preserved insight (BIS 
≥13) vs poor insight (BIS 
≤8)

Contrast:
2back > rest

1.5T WB n.a. punc<0.005 Between-group (preserved > poor 
insight): precuneus 

Positive Significant

punc<0.005 
+ pFWE_

cluster<0.05

Between-group (preserved > poor 
insight): cerebellum

Positive Significant

(Gerretsen 
et al., 2015)*

18 SZ/SA fMRI illness denial task 
based on SAI-E

Contrast: total 
awareness vs neutral

1.5T ROIs 
(Coordinate)

Medial prefrontal 
cortex, 
dorsolateral 
prefrontal 
cortex, insula, 
anterior 
temporal lobe, 
and temporo-
parieto-occipital 
junction

pFWE_

cluster<0.05
SAI-E 
subtotal

Left temporoparietooccipital 
junction

Negative Significant
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Table 6: Continued.

Study Sample 
size & 
diagnosis

Neuroimaging technique Field 
strength 
scanner

FOV ROIs Statistical 
threshold

Insight 
measure

Brain measure Association 
with insight

Significance

(Sapara et 
al., 2015)a

26 SZ fMRI task verbal self-
monitoring

Between groups: 
preserved insight (BIS 
≥13) vs poor insight (BIS 
≤8)

Contrast: other 
(=monitoring someone 
else’s voice as non-self)

1.5T WB n.a. punc<0.05 
+ pFWE_

cluster<0.05

BIS total Between-group (preserved > poor 
insight): left putamen, caudate, 
insula, inferior frontal gyrus

Positive Significant

*Included in multiple meta-analyses as multiple methods are reported. 
a. 19 patients (9 with poor insight and 10 with preserved insight) that were included in Sapara et al. 
(2015) were also included in Sapara et al. (2014).
NB: higher insight is reflected by higher scores on some insight measures but lower scores on other 
insight measures. Note that in the “Association with insight” column, the association with insight is 
stated and not with the insight measure (e.g. positive association: lower volume with lower insight).
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Table 6: Continued.

Study Sample 
size & 
diagnosis

Neuroimaging technique Field 
strength 
scanner

FOV ROIs Statistical 
threshold

Insight 
measure

Brain measure Association 
with insight

Significance

(Sapara et 
al., 2015)a

26 SZ fMRI task verbal self-
monitoring

Between groups: 
preserved insight (BIS 
≥13) vs poor insight (BIS 
≤8)

Contrast: other 
(=monitoring someone 
else’s voice as non-self)

1.5T WB n.a. punc<0.05 
+ pFWE_

cluster<0.05

BIS total Between-group (preserved > poor 
insight): left putamen, caudate, 
insula, inferior frontal gyrus

Positive Significant

*Included in multiple meta-analyses as multiple methods are reported. 
a. 19 patients (9 with poor insight and 10 with preserved insight) that were included in Sapara et al. 
(2015) were also included in Sapara et al. (2014).
NB: higher insight is reflected by higher scores on some insight measures but lower scores on other 
insight measures. Note that in the “Association with insight” column, the association with insight is 
stated and not with the insight measure (e.g. positive association: lower volume with lower insight).
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Table 7: Clinical characteristics of studies included in meta-analysis on clinical insight and functional 
MRI (n=5).

Study Diagnosis Insight measure Sample size 
(number of 
males)

Age Mean illness 
duration 
(years)

Type of medication; mean CPZ 
equivalents (mg)

PANSS score In/out 
patients

(Bedford et al., 
2012)

DSM-IV-TR diagnosis of 
schizophrenia

SAI-E awareness of illness, 
SAI-E total

11 (7) 39 ± 11 12 ± 8 Mainly atypical anti-psychotics 82.0 ± 16.4 4 in
7 out

(van der Meer 
et al., 2013)

DSM-IV diagnosis of schizophrenia SAI-E subtotal, SAI-E 
Awareness, SAI-E 
Relabeling, SAI-E Need for 
treatment

47 (35) 34.3 ± 10.7 Olanzapine (n=14), Aripiprazole (n=14), 
Clozapine (n=10), Quetiapine (n=7), 
Risperidone (n=2), Haloperidol (n=1), 
Perfenazine (n=1), Pemozide (n=1), none 
(n=2) or unknown (n=4)

58.0 ± 13.4 In/out

(Sapara et al., 
2014)a

DSM-IV diagnosis of schizophrenia - 
with preserved insight

BIS excluding item 4 18 (14) 35.3 ± 9.92 10.35 459.93 ± 363.67 66.50 ± 11.91 Out 

DSM-IV diagnosis of schizophrenia - 
with poor insight

BIS excluding item 4 14 (9) 37.7 15.34 497.07 ± 348.63 67.29 ± 14.53 Out

(Gerretsen et 
al., 2015)*

DSM-IV diagnosis of schizophrenia 
or schizoaffective disorder

SAI-E subtotal 18 (11) 41.7 ± 12.2 18.9 ± 13.6 Clozapine (n=3), risperidone (n=6), 
risperidone IM (n=1), quetiapine (n=3), 
olanzapine (n=3), aripiprazole (n=3), 
loxapine (n=1), zuclopenthixol decanoate 
(n=1), Haldol decanoate (n=1); 346.8 ± 211.1

In/out

(Sapara et al., 
2015)a

DSM-IV diagnosis of schizophrenia - 
with preserved insight

BIS total excluding item 4 13 (11) 31.15 ± 9.77 9.92 ± 7.22 Atypical (n=10), typical (n=1) or both (n=2); 
467.08 ± 400.46

71.92 ± 15.87 Out

DSM-IV diagnosis of schizophrenia - 
with poor insight

13 (9) 37.85 ± 
7.43

15.15 ± 9.64 Atypical (n=7), typical (n=4) or both (n=2); 
623.80 ± 392.59

64.69 ± 16.11

*Included in multiple meta-analyses as multiple methods are reported. 
a. 19 patients (9 with poor insight and 10 with preserved insight) that were included in Sapara et al. 
(2015) were also included in Sapara et al. (2014).
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Table 7: Clinical characteristics of studies included in meta-analysis on clinical insight and functional 
MRI (n=5).

Study Diagnosis Insight measure Sample size 
(number of 
males)

Age Mean illness 
duration 
(years)

Type of medication; mean CPZ 
equivalents (mg)

PANSS score In/out 
patients

(Bedford et al., 
2012)

DSM-IV-TR diagnosis of 
schizophrenia

SAI-E awareness of illness, 
SAI-E total

11 (7) 39 ± 11 12 ± 8 Mainly atypical anti-psychotics 82.0 ± 16.4 4 in
7 out

(van der Meer 
et al., 2013)

DSM-IV diagnosis of schizophrenia SAI-E subtotal, SAI-E 
Awareness, SAI-E 
Relabeling, SAI-E Need for 
treatment

47 (35) 34.3 ± 10.7 Olanzapine (n=14), Aripiprazole (n=14), 
Clozapine (n=10), Quetiapine (n=7), 
Risperidone (n=2), Haloperidol (n=1), 
Perfenazine (n=1), Pemozide (n=1), none 
(n=2) or unknown (n=4)

58.0 ± 13.4 In/out

(Sapara et al., 
2014)a

DSM-IV diagnosis of schizophrenia - 
with preserved insight

BIS excluding item 4 18 (14) 35.3 ± 9.92 10.35 459.93 ± 363.67 66.50 ± 11.91 Out 

DSM-IV diagnosis of schizophrenia - 
with poor insight

BIS excluding item 4 14 (9) 37.7 15.34 497.07 ± 348.63 67.29 ± 14.53 Out

(Gerretsen et 
al., 2015)*

DSM-IV diagnosis of schizophrenia 
or schizoaffective disorder

SAI-E subtotal 18 (11) 41.7 ± 12.2 18.9 ± 13.6 Clozapine (n=3), risperidone (n=6), 
risperidone IM (n=1), quetiapine (n=3), 
olanzapine (n=3), aripiprazole (n=3), 
loxapine (n=1), zuclopenthixol decanoate 
(n=1), Haldol decanoate (n=1); 346.8 ± 211.1

In/out

(Sapara et al., 
2015)a

DSM-IV diagnosis of schizophrenia - 
with preserved insight

BIS total excluding item 4 13 (11) 31.15 ± 9.77 9.92 ± 7.22 Atypical (n=10), typical (n=1) or both (n=2); 
467.08 ± 400.46

71.92 ± 15.87 Out

DSM-IV diagnosis of schizophrenia - 
with poor insight

13 (9) 37.85 ± 
7.43

15.15 ± 9.64 Atypical (n=7), typical (n=4) or both (n=2); 
623.80 ± 392.59

64.69 ± 16.11

*Included in multiple meta-analyses as multiple methods are reported. 
a. 19 patients (9 with poor insight and 10 with preserved insight) that were included in Sapara et al. 
(2015) were also included in Sapara et al. (2014).
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2.7 Supplementary Materials

List of abbreviations in tables
1H-MRS=Proton Magnetic Resonance Spectroscopy
BCIS SR/SC=Beck Cognitive Insight Scale self-reflectiveness/self-certainty
BD=bipolar disorder
BIS=Birchwood Insight Scale
CPZ=chlorpromazine
CSF=cerebrospinal fluid
CT=computed tomography
CTh=cortical thickness
DD=delusional disorder
DCM=dynamic causal modeling
DMN=default mode network
DSM= Diagnostic and Statistical Manual of Mental Disorders
DTI=Diffusion Tensor Imaging
FA=fractional anisotropy
FEP=first-episode psychosis
fMRI=functional magnetic resonance imaging
FPN=frontoparietal network
FOV=field of view
GM=grey matter
HDRS=Hamilton Depression Rating Scale
ICA=independent component analysis
ICD= International Statistical Classification of Diseases and Related Health Problems
ITAQ=Insight and Treatment Attitudes Questionnaire
k=number of voxels cluster
MNI=Montreal Neurological Institute
MRI=magnetic resonance imaging
n.a.=not applicable
NOS=psychotic disorder not otherwise specified
n.s.=not significant
PANSS=Positive and Negative Syndrome Scale
PET= Positron emission tomography
PSE=Present State Examination; 
punc=p-value uncorrected for multiple testing
pFWE=family-wise error correction for multiple testing
pFDR=false discovery rate correction for multiple testing
Rs-fMRI=resting-state fMRI
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ROIs=regions of interest
SA=schizoaffective disorder
SAI=Schedule for the Assessment of Insight
SAI-E=Schedule for the Assessment of Insight – Expanded
SD=standard deviation
SZ=schizophrenia
SF=schizophreniform disorder
SUMD=Scale to Assess Unawareness of Mental Disorder
TR=text-revision
UHR=ultra-high-risk
WB=whole brain
WM=white matter
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Figure S1: Funnel plot meta-analysis on studies reporting association between global gray matter 
volume and clinical insight (n=5).
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Figure S2: Funnel plot meta-analysis on studies reporting association between global white matter 
volume and clinical insight (n=4).
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Figure S3: Funnel plot meta-analysis on studies reporting association between global gray and white 
matter volume and clinical insight (n=3).

NB: one study reported associations with two insight measures.
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Figure S4: Funnel plot meta-analysis on studies reporting association between gray matter volume 
of left frontal gyrus and clinical insight (n=3).
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Figure S5: Funnel plot meta-analysis on studies reporting association between gray matter volume 
of right frontal gyrus and clinical insight (n=3).
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An 1H-MRS study on prefrontal 
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3.1 Abstract

Background. Insight is impaired in most patients with psychosis and has been 
associated with poorer prognosis. The exact neural basis of impaired insight is still 
unknown, but it may involve disrupted prefrontal neural connectivity. Numerous studies 
have indeed found white matter (WM) abnormalities in psychosis. The association 
between prefrontal WM abnormalities and insight has not been studied yet by means of 
proton magnetic resonance spectroscopy (1H-MRS). 1H-MRS can be used to measure 
N-acetylaspartate (NAA), which is considered to be a marker of neuronal integrity. 

Methods. We measured insight with the Birchwood Insight Scale (BIS) as well as 
item G12 of the Positive and Negative Syndrome Scale (PANSS) in 88 patients with 
psychosis. Prefrontal WM concentrations of NAA and ratios of NAA to creatine (Cr) 
were assessed with 1H-MRS. Nonparametric partial correlational analyses were 
conducted between NAA concentrations and insight controlling for illness duration, 
standardized antipsychotic dose, symptom scores, voxel grey matter content and voxel 
cerebrospinal fluid content. 

Results. We found a significant correlation between reduced NAA/Cr ratios and 
poorer insight as measured with the BIS, which remained significant after additional 
correction for full width at half maximum, signal/noise and age. 

Conclusions. This is the first study reporting a relationship between lower prefrontal 
concentrations of a marker of neuronal integrity and impaired insight, providing further 
evidence that prefrontal pathology may play an important role in impaired insight 
in psychosis. This may be explained by the involvement of the prefrontal cortex in 
several executive and metacognitive functions, for example cognitive flexibility and 
perspective taking. 

Keywords: proton magnetic resonance spectroscopy (1H-MRS), neuronal pathology, 
white matter, connectivity, executive functions.
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3.2 Introduction

Awareness of illness, also called insight, is impaired in approximately 50 to 80% of 
schizophrenia patients (Dam, 2006) and is one of the most common reasons for 
poor treatment adherence. Numerous studies have shown an association between 
impaired insight and poorer outcome of the disorder (Lincoln et al., 2007). Two types of 
insight can be distinguished, namely clinical and cognitive insight (Beck and Warman, 
2004), separating a person’s awareness of illness (clinical insight) from their ability 
to evaluate and reflect upon their own aberrant views and interpretations (cognitive 
insight). Of our particular interest is the construct of clinical insight, which includes 
three dimensions: (i) awareness of being ill, (ii) ascribing specific symptoms to the 
illness, and (iii) awareness of the need for treatment (David, 1990).

Several theories have been proposed to explain poor insight. Some authors have 
suggested that impaired insight may be caused by impaired cognitive functioning 
due to frontal pathology (Shad et al., 2006b). The distribution of impaired brain 
regions (Antonius et al., 2011; Davis et al., 2003) implies that impaired insight might be 
caused by disrupted neural connectivity instead of impairment of just one brain area. 
Numerous studies have indeed found white matter (WM) abnormalities in schizophrenia 
(Wheeler and Voineskos, 2014). Diffusion tensor imaging (DTI) studies, for example, 
found reduced fractional anisotropy (FA) in schizophrenia, suggesting reduced WM 
integrity. Yet, only a few studies have investigated the relation between WM integrity 
and insight so far. Antonius and colleagues found an association between awareness 
of symptoms and WM integrity in fronto-temporal regions and an association between 
the ability to relabel symptoms and reduced WM integrity in temporal and parietal 
areas (Antonius et al., 2011). A previous study from our group found an association 
between clinical insight and subtle differences in WM integrity in the left middle frontal 
gyrus (Ćurčić-Blake et al., 2015). In contrast, Orfei and colleagues did not find any 
significant correlations between cognitive insight and WM integrity (Orfei et al., 2013). 

The relationship between insight and WM integrity in psychotic disorders has not 
been studied yet by means of proton magnetic resonance spectroscopy (1H-MRS). 
1H-MRS is a non-invasive neuroimaging technique that offers information on brain 
chemistry, and can be used to assess concentrations of neurometabolites such as 
N-acetylaspartate (NAA), glutamate (Glu), glutamine (Gln), choline (Cho), creatine (Cr) 
and myo-Inositol (mI). Further information on the use of 1H-MRS and functions of these 
neurometabolites can be found in Currie et al. (Currie et al., 2013). Of our main focus 
is NAA, which is considered to be a marker of neuronal integrity (both of the cell body 
and the axon) (Urenjak and Williams, 1993). A study in healthy individuals found that 
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a high proportion of variability in FA (23% for ages 28-50; 66% for ages 57-80 years) 
could be explained by levels of WM NAA (Wijtenburg et al., 2013). A post-mortem study 
in multiple sclerosis (MS) patients also showed a correlation between axonal density 
and WM NAA-levels (Bjartmar et al., 2000). 1H-MRS-studies found reduced NAA in 
frontal WM as well as grey matter (GM) in psychotic disorders, while other studies did 
not observe significant NAA abnormalities. 1H-MRS studies on frontal glutamate and 
glutamine (Glx) concentrations found increased Glx in the lateral prefrontal cortex 
(PFC) (of recently ill patients) and the medial PFC, with decreasing Glx-levels in patients 
with higher age and illness duration. No differences in prefrontal Cr, mI and Cho 
concentrations were found compared to healthy controls (see (Kraguljac et al., 2012; 
Marsman et al., 2013; Schwerk et al., 2014; Steen et al., 2005) for meta-analyses and 
reviews). However, most 1H-MRS studies have been underpowered and methodology 
differed between studies, causing inconsistent and often contradictory findings.

We hypothesize that if impaired insight is a consequence of disrupted prefrontal neural 
connectivity, NAA levels in the WM of the PFC should correlate positively with levels 
of clinical insight. To our knowledge, there are no published studies regarding the 
association between NAA concentrations and insight in psychosis. In patients with 
Alzheimer’s disease, a negative correlation between unawareness of deficits and 
NAA/Cr in the anterior cingulate cortex (ACC), and a positive correlation between 
unawareness of deficits and NAA/Cr in the right orbitofrontal area was found after 
controlling for dementia severity (Yeh et al., 2014). As mentioned before, an earlier 
study of our group found an association between clinical insight and subtle differences 
in WM integrity (as measured with DTI) in the left middle frontal gyrus in schizophrenia 
(Ćurčić-Blake et al., 2015). In this study, we will examine NAA levels in a voxel at close 
proximity of the area studied by our group, namely in the dorsolateral prefrontal cortex 
(DLPFC), in a different and larger sample of patients diagnosed with a psychotic 
disorder. 

3.3 Materials and methods

3.3.1 Participants
Data of 92 patients were included in this study. Patients were enrolled in one of the 
three clinical trials conducted at our center in recent years: (i) a trial examining a 
cognitive-emotional intervention aimed at improving insight (trial number in Dutch 
trial register: NTR1799; Pijnenborg et al, 2011), (ii) a trial on the effect of repetitive 
transcranial magnetic stimulation (rTMS) on negative symptoms (trial number in Dutch 
trial register: NTR1261; Dlabac-de Lange et al, 2015) and (iii) a clinical trial examining the 
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neural effects of aripiprazole and risperidone (EUDRA-CT: 2007-002748-79; Liemburg 
et al, 2014). Baseline 1H-MRS and structural MRI scans of these clinical trials were 
combined for the purpose of this study. Data of 36 healthy controls (HC) were included 
for comparisons between patients and controls. 20 healthy controls (HC) were enrolled 
in the trial examining the neural effects of aripiprazole and risperidone (Liemburg et al., 
2015), while 16 HC were part of a subsample (i.e., help-seeking individuals with an ultra-
high risk to develop psychosis) of a larger study investigating the neural correlates 
of cognitive-emotional processing in an ultra-high risk (UHR) group (Rietdijk et al., 
2010). Patients were recruited from eight mental health institutions in the Netherlands 
and were diagnosed with either schizophrenia (SZ; n=80), schizophreniform disorder 
(n=1), schizoaffective disorder (n=2), delusional disorder (n=2) or a psychotic disorder 
not otherwise specified (n=7) according to DSM-IV criteria confirmed with the Mini-
International Neuropsychiatric Interview (M.I.N.I.; Sheehan et al, 1998) or Schedules for 
Clinical Assessment in Neuroscience (SCAN 2.1; Giel and Nienhuis, 1996). All participants 
signed informed consent before the scanning session. Participants received financial 
compensation, except for participants of one subsample (npatients=27; nHC=20). The 
medical ethical board of the University Medical Center Groningen approved all study 
protocols, except for the UHR study which was approved by the Mental Healthcare 
Research Ethics Committee. All study protocols were in accordance with the latest 
version of the Declaration of Helsinki. Inclusion criteria for all of these studies were age 
older than 18 years and being able to give informed consent. Specific inclusion criteria 
applied for two of three patient subsamples. All patients of one subsample (n=34) 
had impaired insight (Pijnenborg et al., 2011), defined by both rating by a clinician and 
a score lower than 10 on the Birchwood Insight Scale (BIS; Birchwood et al, 1994). 
Patients of another subsample (n=31; Dlabac-de Lange et al, 2015) had prominent 
negative symptoms defined by a score of at least 15 on the negative subscale of the 
Positive and Negative Syndrome Scale interview (PANSS; Kay et al, 1987). Exclusion 
criteria for all of these studies were (i) having an acute psychotic episode, (ii) having 
a co-morbid neurological disorder, (iii) not having sufficient mastery of the Dutch 
language, and (iv) MRI contraindications (e.g. pregnancy or possibility thereof, red ink 
tattoos, metal implants in the body and claustrophobia). In addition, specific exclusion 
criteria applied differing per study. A specific exclusion criterion for the subsample 
with impaired insight (n=34; Pijnenborg et al, 2011) was receiving cognitive behavioral 
therapy, while exclusion criteria for the subsample with prominent negative symptoms 
(n=31; Dlabac-de Lange et al, 2015) were (i) rTMS contraindications (e.g. personal/
family history of epilepsy, brain surgery or head injury with loss of consciousness in 
the past), (ii) previous treatment with rTMS, (iii) severe behavioral disorders and (iv) 
substance dependency within the previous 6 months.
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As a criterion of reliability, 1H-MRS data were excluded if the metabolites had an 
estimated standard deviation (Cramer-Rao lower bound; CRLB) higher than 20% of 
the estimated concentration as recommended by Provencher (Provencher, 2008). 
One patient (SZ) was excluded for this reason, and two additional patients (SZ) were 
excluded because their metabolite concentrations (one participant: NAA/Cr; other 
participant: NAA, Glx, mI, Cho) deviated more than three standard deviations from 
the group mean. In addition, one patient (SZ) and one HC were excluded because 
their signal-to-noise ratio was more than three standard deviations lower than the 
group mean. This left data of 88 patients for analyses, who were diagnosed with 
schizophrenia (n=76), schizophreniform disorder (n=1), schizoaffective disorder (n=2), 
delusional disorder (n=2) or a psychotic disorder not otherwise specified (n=7). Data 
of 35 HC was available for comparisons between patients and HC.

3.3.2 Insight measures
Clinical insight was measured with item 12 of the General Psychopathology subscale 
(item G12) of the Positive and Negative Syndrome Scale interview (PANSS) (Kay et 
al., 1987). The PANSS is a rating scale for assessing positive symptoms, negative 
symptoms and general psychopathology in schizophrenia. Item G12 measures lack 
of judgment and insight; its scores are given by a trained interviewer and range from 
1 (no impairment) to 7 (severe impairment). Although the PANSS G12 item is a single-
item measure, it incorporates the different dimensions of clinical insight. Examples 
of questions used to answer this item are ‘Do you need treatment?’ and ‘Why are you 
in this mental institution?’. The PANSS G12 item is one of the most-used measures of 
clinical insight (Shad et al., 2006b) and correlations with other measures of clinical 
insight, such as the Schedule of Assessment of Insight (SAI), expanded Schedule of 
Assessment of Insight (SAI-E; Kemp and David, 1997), Insight and Treatment Attitudes 
Questionnaire (ITAQ) and Birchwood Insight Scale (BIS)(Birchwood et al., 1994), have 
shown to be strong (Sanz et al., 1998). 

Clinical insight was additionally assessed with the Birchwood Insight Scale (BIS) in 
81 participants for whom this data was available. The BIS is an 8-item self-rating 
questionnaire with a total score ranging from 0 to 12. It consists of three subscales 
measuring three dimensions of clinical insight, namely awareness of illness, awareness 
of need for treatment and ability to relabel symptoms. Scores on all subscales range 
from 0 to 4. Total scores and scores on the subscales were calculated, with a higher 
score indicating better clinical insight. 
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60.4% of participants had impaired insight as defined by a score of at least 3 on PANSS 
G12 item and 44.4% had impaired insight as defined by a score lower than 9 on the BIS. 
A Pearson’s correlation between the PANSS item G12 score and the BIS total score 
revealed a strong significant negative correlation in the expected direction (r=-0.596, 
p<0.001, n=81). The demographic and clinical characteristics of all 88 participants can 
be seen in Table 1.

Table 1: Demographic and clinical characteristics of participants.

Variable Mean (SD) patients 
(n=88)

Mean (SD) HC 
(n=35) 

Gender (percentage male) 78% 68%

Age (years) 32.95 (10.77) 26.63 (9.86)

Level of educationa 5.25 (1.22) 5.71 (0.87)

Handedness (percentage right-handed) 81.8% 86%

Use of antipsychotic medication (percentageb)
None
Aripiprazole
Clozapine
Flupentixol
Haloperidol
Olanzapine
Quetiapine
Risperidone
Zuclopenthixol
Pimozide
Paliperidone

16 (18%)
15 (17%)
17 (19%)
2 (2%)
3 (3%)
27 (31%)
5 (6%)
9 (10%)
2 (2%)
1 (1%)
2 (2%)

Illness duration (years) 8.19 (8.61)

PANSSc 

Subscale negative symptoms 16.28 (5.31)

Subscale positive symptoms 14.30 (4.49)

Subscale general psychopathology 31.35 (6.63)

Item G12 3.03 (1.50)

BIS total scored 8.07 (3.15)
a. Based on Verhage (1994). Education data was missing for one HC. 
b. Some participants were using multiple antipsychotic medications. 
c. n=88.
d. n=81.
Abbreviations: SD=standard deviation; HC=healthy controls; PANSS=Positive and Negative Syndrome 
Scale; item G12=item 12 of the General Psychopathology subscale of the Positive and Negative 
Syndrome Scale; BIS=Birchwood Insight Scale.
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3.3.3 Spectral acquisition 
Scans were acquired in the Neuroimaging Center of the University Medical Center 
Groningen (UMCG) in Groningen, using a 3T Philips Intera Quaser (Best, the Netherlands) 
equipped with a synergy SENSE eight-channel head coil. A T1-weighted 3D fast field 
echo (FFE) anatomical image (voxel size 1 x 1 x 1 mm) containing 170 slices (TR=9 ms; 
TE=3.60 ms; slice thickness=1 mm; 256 x 256 matrix; FOV 232, 170, 256) was acquired 
parallel to the bicommisural plane.

Proton metabolites in the WM of the left (dorsolateral) PFC were assessed with 1H-MRS 
single voxel spectroscopy using an 8-cm3 voxel. Trained operators placed the voxel 
using the T1-anatomical scan as a guide. The voxel was placed in line with the genu 
of the corpus callosum on the anterior side and oriented in the same line as the 
corpus callosum and the falx cerebri, inclusion of WM was maximized (see Figure 1). 
Examination was carried out using a Point Resolved Spectroscopy (PRESS) sequence 
with one 90° and two 180° pulses to create a spin echo, and water suppression with 
an excitation pulse followed by a frequency-modulated pulse. Automated shimming of 
the field in the examined region of interest (pencil beam auto first order option) was 
done. Spectra were recorded within the follow ing parameters: TE=144 ms, TR=2000 
ms, VOI=20x20x20 mm, signal averages (NSA)=128, data points=1024; spectral 
bandwidth=2000 Hz. 

Figure 1: T1-weighted magnetic resonance imaging of voxel in the white matter of the left (dorsolateral) 
prefrontal cortex. 

3.3.4 Post-processing
Version 6.2-2b of LCModel software (Provencher, 1993) was used to determine 
absolute metabolite concentrations of total NAA (N-acetylaspartate (NAA) + 
N-acetylaspartylglutamate (NAAG); tNAA) by using the unsuppressed water reference 
signal (Water-Scaling option in LCModel). Furthermore, tNAA ratios to total creatine 



89

C
hapter 3

P
refrontal N

-acetylaspartate and insight in psychosis

(creatine + phosphocreatine (CrPCr); tCr) were determined. In addition, concentrations 
of other neurometabolites such as glutamate and glutamine (Glu + Gln; Glx), total choline 
(glycerophosphocholine (GPC) + phosphocholine (PCh); tCho), tCr, and myo-inositol 
(mI) were determined in order to conduct exploratory analyses of the relationship 
between insight and levels of these neurometabolites. These metabolites were also 
measured both as absolute concentrations and as ratios to total creatine (tCr). Spectral 
quality measures such as signal/noise (S/N), full width at half maximum (FWHM) and 
CRLB’s for each metabolite can be found in Table 2. 

Tissue segmentation was performed to determine contents of GM, WM and CSF of the 
voxel for each participant. This was performed on the T1-anatomical scan using the 
Statistical Parametric Mapping software package (SPM8) (www.fil.ion.ucl.ac.uk/spm) 
run in Matlab7. GM content and CSF content were added as covariates in all (partial) 
correlational analyses to avoid partial volume effects. Mean percentages of GM, WM 
and CSF in the voxel can also be seen in Table 2.

3.3.5 Differences between subgroups
To ensure that results of our correlational analyses were not confounded by any 
differences among the three different studies, we compared data quality among these 
studies. Differences in spectral quality measures (CRLB’s, S/N, FWHM), content of the 
voxel (GM, CSF), neurometabolite concentrations, clinical characteristics (scores on 
G12, BIS, PANSS subscale negative symptoms, PANSS subscale positive symptoms, 
PANSS subscale general psychopathology) and demographic characteristics (age, 
illness duration, gender, standardized antipsychotic dose, education) between three 
subgroups were examined. All differences were evaluated at an FDR-corrected level 
(corrected for 28 tests). IBM SPSS Statistics 20 (SPSS Inc., Chicago, IL) was used for 
all analyses.

No differences in spectral quality were found between subgroups. Significant 
differences in standardized antipsychotic dose (χ2(2)=35.651, pFDR<0.001), illness 
duration (χ2(2)=25.392, pFDR<0.001), and scores on PANSS subscale measuring 
negative symptoms (χ2(2)=26.135, pFDR<0.001) were found between subgroups using 
a Kruskal-Wallis test. A significant difference in Glx (F(2,85)=5.242, pFDR=0.049) was 
found between subgroups using a one-way ANOVA. No other significant differences 
between subgroups were found. Based on literature, illness duration, standardized 
antipsychotic dose and PANSS symptom scores (PANSS subscale scores minus 
G12) were entered as covariates in partial correlational analyses. The standardized 
antipsychotic dose was based on equivalence to chlorpromazine (Gardner et al., 2010).
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Table 2: Spectral quality measures and content of the voxel.

Metabolites (IU) Mean (SD) and CRLB patients 
(n=88)

Mean (SD) and CRLB HC 
(n=35)

tNAA 24.06 (2.33)
2.34 (0.48)

24.73 (1.82) 
2.20 (.41)

Glx 10.45 (1.47)
11.36 (1.74)

10.97 (1.11)
10.57 (1.29)

tCho 4.01 (0.58)
4.08 (0.35)

3.85 (0.44)
4.17 (0.38)

tCr 13.01 (1.28)
3.28 (0.48)

13.25 (0.73)
3.11 (0.32)

mI 16.53 (2.56)
9.10 (2.49)

17.20 (1.96)
8.43 (1.31)

tNAA/tCr 1.86 (0.16) 1.87 (0.12)

Glx/tCr 0.81 (0.10) 0.83 (0.08)

tCho/tCr 0.31 (0.04) 0.29 (0.03)

mI/tCr 1.28 (0.17) 1.30 (0.13)

Spectral quality measures

S/N 20.92 (3.19) 22.83 (2.75)

FWHM 0.04 (0.008) 0.04 (0.009)

Voxel (percentages)

WM 60.49 (10.66) 59.31 (12.59)

GM 35.23 (8.48) 36.43 (9.30)

CSF 4.37 (3.18) 4.26 (4.97)

Abbreviations: IU=Institutional Units; SD=standard deviation; CRLB=Cramér-Rao lower bounds; 
HC=healthy controls; tNAA=total NAA=N-acetylaspartate (NAA) + N-acetylaspartylglutamate 
(NAAG); Glx=glutamate (Glu) + glutamine (Gln); tCho=total choline=glycerophosphocholine (GPC) 
+ phosphocholine (PCh); tCr=total creatine=creatine + phosphocreatine (CrPCr); mI=myo-inositol; 
S/N=signal-to-noise ratio; FWHM=full width at half-maximum; WM=white matter; GM=grey matter; 
CSF=cerebrospinal fluid.

3.3.6 Comparison between patients and healthy controls
In order to check for regional abnormalities, several parameters were compared 
between patients (n=88) and HC (n=35). We compared GM, WM and CSF content 
of the voxel, as well as data quality (CRLB of tNAA, FWHM and S/N), tNAA and 
tNAA/tCr concentrations, and demographic variables (age, gender, education, 
handedness) between groups. Groups were matched on education, gender and 
handedness. A significant difference was found in S/N between patients (M= 
20.92, SD=3.19) and HC (M=22.83, SD=2.75); t(121)=3.106, p=0.002. We also found 
significant differences in FWHM (χ2(2)=9.359, p=0.009) and age (χ2(2)=14.423, 
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p=0.001) between patients and HC, examined with non-parametric Kruskal Wallis 
tests. No significant differences were found between groups in gender, handedness, 
education, GM, WM and CSF content of the voxel, tNAA CRLB’s, tNAA and tNAA/
tCr concentrations. 

3.3.7 Statistical analyses
IBM SPSS Statistics 20 (SPSS Inc., Chicago, IL) was used for all analyses. 
A threshold of p<0.05, two-tailed, was used as the standard for statistical 
significance. Correlational analyses between confounding variables (illness 
duration, standardized antipsychotic dose, PANSS negative symptom scores, 
PANSS positive symptom scores, PANSS general psychopathology scores minus 
G12 scores, GM content and CSF content) were conducted to evaluate possible 
collinearity. Results were evaluated at an FDR-corrected level (corrected for 21 
tests). (Partial) correlational analyses were also conducted between confounding 
variables and insight scores (evaluated at an FDR-corrected level; corrected for 
14 tests), and between confounding variables and neurometabolite concentrations 
(evaluated at an FDR-corrected level; corrected for 63 tests). We also checked 
whether gender and education influenced insight or NAA concentrations.

Since a scatterplot showed a non-linear relationship between insight and tNAA, 
Spearman partial correlational analyses were conducted between insight scores 
and N-acetylaspartate concentrations. Next, these analyses were repeated while 
controlling for confounding variables. In addition, because of the significant 
differences in S/N, FWHM and age between patients and HC, we computed partial 
correlational analyses between insight and tNAA with these variables as additional 
covariates. A value of p<0.05 was used as the standard for statistical significance 
and all partial correlational analyses were evaluated at an FDR-corrected level 
(corrected for 4 tests). Follow-up partial correlational analyses between three BIS 
subscales and tNAA/tCr concentrations were also evaluated at an FDR-corrected 
level (corrected for 3 tests). In addition, exploratory partial correlational analyses 
were conducted between insight and other neurometabolite concentrations. 

3.4 Results

3.4.1 Covariates
Significant correlations between confounding variables (illness duration, 
standardized antipsychotic dose, PANSS symptom scores, GM content and CSF 
content) were found after FDR correction for 21 tests: PANSS positive symptom 
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scores and PANSS general symptom scores minus G12 (r=0 .587, pFDR<0.001), GM 
and CSF content (r=0 .609, pFDR<0.001), PANSS negative symptom scores and 
PANSS general symptom scores minus G12 (r=0.369, pFDR<0.001), and illness 
duration and CSF content (r=0.325, punc=0.002, pFDR=0.011). 

No significant correlations between confounding variables and insight (BIS and G12) 
were found. Several significant correlations between confounding variables and 
neurometabolite concentrations (tNAA, tNAA/tCr, Glx, Glx/tCr, Cho, Cho/tCr, tCr, mI, mI/
tCr) were found after FDR correction for 63 tests. No significant correlations between 
gender or education and insight or NAA concentrations were found. All significant 
correlations can be seen in Table 3.

Table 3: Correlations between confounding variables and neurometabolite concentrations in patients 
(n=88).

Illness duration Standardized 
antipsychotic dose

CSF content GM content

tNAA r=-0.300 
(punc=0.005; 
pFDR=0.039)

r=-0.464 
(pFDR<0.001)

r=-0.361 (punc=-
0.001; pFDR=0.021)

Glx r=-0.337 (punc=0.001; 
pFDR=0.021)

r=-0.323 
(punc=0.002; 
pFDR=0.023)

tCho r=-0.305 
(punc=0.004; 
pFDR=0.036)

r=-0.314 
(punc=0.003; 
pFDR=0.032)

tCr r=-0.418 
(pFDR<0.001)

Glx/tCr r=-0.286 
(punc=0.007; 
pFDR=0.049)

Abbreviations: tNAA=total NAA (N-acetylaspartate (NAA) + N-acetylaspartylglutamate 
(NAAG); Glx=glutamate (Glu) + glutamine (Gln); tCr=total creatine (CrPCr); tCho=total choline 
(glycerophosphocholine (GPC) + phosphocholine (PCh); GM=grey matter; CSF=cerebrospinal fluid; 
punc=uncorrected for multiple testing; pFDR=FDR-corrected for multiple testing.

3.4.2 Neurometabolite concentrations and insight
Partial correlational analyses between tNAA concentrations and insight scores were 
evaluated at an FDR-corrected level (corrected for 4 tests). A significant correlation 
was found between tNAA/tCr and BIS scores corrected for GM content, CSF content, 
standardized antipsychotic dose, illness duration, symptom scores, S/N, FWHM and 



93

C
hapter 3

P
refrontal N

-acetylaspartate and insight in psychosis

age (rs=0.332, punc=0.005, pFDR=0.02, n=81). This partial correlation was also significant 
without correction for S/N, FWHM and age (rs=0.341, punc=0.003, pFDR=0.012, n=81). 
Thus, reduced tNAA concentrations were associated with poorer insight. 

We also examined these partial correlations in schizophrenia patients only, to see 
whether exclusion of patients with other diagnoses changed the results. The correlation 
between tNAA/tCr and BIS scores corrected for GM content, CSF content, standardized 
antipsychotic dose, illness duration, symptom scores, FWHM, S/N and age was also 
significant after FDR-correction when only including schizophrenia patients (rs=0.365, 
punc=0.004, pFDR=0.016, n=76), as well as without correction for FWHM, S/N and age 
(rs=0.364, punc=0.003, pFDR=0.001, n=76).

Additional partial correlational analyses were conducted to further explore the relation 
between scores on separate subscales of the BIS and tNAA/tCr ratios controlled for GM 
content, CSF content, standardized antipsychotic dose, illness duration and symptoms. 
These analyses were evaluated at an FDR-corrected level (corrected for 3 tests), and 
revealed a significant correlation between the BIS subscale Awareness of illness and 
tNAA/tCr ratios (rs=0.349, punc=0.002, pFDR=0.006, n=81). The correlations between 
the BIS subscale Ability to relabel symptoms and tNAA/tCr ratios (rs=0.210), and BIS 
subscale Need for treatment and tNAA/tCr ratios (rs=0.194) were not significant. 
The correlation between BIS subscale Awareness of illness and tNAA/tCre was also 
significant with additional correction for FWHM, S/N and age (rs=0.337, punc=0.004, 
pFDR=0.016, n=81). In addition, the correlation between BIS subscale Awareness of 
illness and tNAA/tCre was also significant with correction for GM content, CSF content, 
standardized antipsychotic dose, illness duration and symptoms when only including 
schizophrenia patients (rs=0.391, punc=0.001, pFDR=0.003, n=76), also with additional 
correction for FWHM, S/N and age (rs=0.389, punc=0.002, pFDR=0.008, n=76). 

We did not find significant correlations between the PANSS G12 item and NAA 
concentrations, nor between BIS scores and absolute NAA concentrations. In 
addition, no significant correlations were found between the other neurometabolite 
concentrations (absolute or ratios) and insight scores. 

3.5 Discussion

The aim of this study was to investigate the relationship between insight and 
neurometabolite concentrations in the WM of the left PFC in patients with psychotic 
disorders. We hypothesized that if impaired insight were a consequence of prefrontal 
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pathology, poorer insight would be associated with decreased NAA levels. We indeed 
found a medium sized correlation (Cohen, 1988) between poorer insight (as measured 
with BIS) and reduced NAA concentrations, providing further evidence for the 
involvement of the PFC in impaired insight. No significant correlations between PANSS 
G12 scores and NAA-concentrations were found, nor between other neurometabolite 
concentrations and insight. 

The functional significance of decreased NAA concentrations in the WM of the 
PFC is still under debate. NAA is found almost solely in neurons and is seen as a 
marker for neuronal density or integrity (both cell body and axons). The reduced NAA 
concentration in the WM of the PFC might indicate impaired functioning of axons, 
for example because of reduced myelination, causing abnormal neural connectivity 
(Chang et al., 2007; Du et al., 2013). Several post-mortem studies have suggested 
evidence for abnormalities of myelin (Du et al., 2013), oligodendrocytes (Vostrikov et al., 
2007), and axons (Uranova et al., 2007) in the prefrontal cortex in schizophrenia. The 
finding that patients with poorer illness awareness had reduced NAA concentrations 
in the WM of the left PFC, suggesting abnormal brain connectivity, is in line with 
previous findings from our group that changes in white matter in this area are subtly 
associated with insight (Ćurčić-Blake et al., 2015). In addition, while the specific 
relationship between signs of neuronal impairment in the PFC and insight has not 
been previously examined using 1H-MRS, several studies demonstrated a relationship 
between volumetric abnormalities of the PFC and insight impairment in schizophrenia 
(Shad et al., 2006a, 2004). Resting state fMRI studies found lower connectivity of the 
anterior cingulate cortex (ACC) within the anterior default mode network (DMN) in 
patients with poorer clinical insight (Liemburg et al., 2012), as well as an association 
between cognitive insight and increased connectivity in the dorsal attention network 
with the right lateral PFC (Gerretsen et al., 2014). A previous study of our group also 
demonstrated a negative correlation between clinical insight and effective connectivity 
from the inferior parietal lobule (IPL), posterior cingulate cortex (PCC) and dorsomedial 
PFC (dmPFC) towards the ventromedial PFC (vmPFC), as well as from the IPL to the 
dmPFC and PCC. The same study found a positive correlation between clinical insight 
and effective connectivity from the vmPFC to the IPL (Ćurčić-Blake et al., 2015), 
indicating an important role of the PFC in insight.

It has been suggested that the relationship between PFC abnormalities and impaired 
insight may be explained by the role of the PFC in executive functions such as the 
ability to monitor and evaluate one’s own behaviour and the ability to adjust one’s 
own thoughts and beliefs to changing situations (Shad et al., 2007, 2006a). The 
neuropsychological model, which has been proposed to explain the aetiology of 
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insight, suggests that impaired insight is a consequence of cognitive dysfunction 
(Amador et al., 1991). According to this model, this could be a generalized cognitive 
deficit (Keshavan et al., 2004) that is similar in magnitude across different cognitive 
functions, or it could be a more specific impairment, for example of executive functions. 
Several studies have reported a relation between abnormalities of the DLPFC and 
impaired executive functioning (Bertolino et al., 2003, 2000; Delamillieure et al., 2004; 
Galińska et al., 2007; Rüsch et al., 2008; Shirayama et al., 2010; Tanaka et al., 2006; 
Zong et al., 2015), as well as between impaired executive functioning and impaired 
insight (Shad et al., 2006b, 2004). The relation between impaired insight and prefrontal 
dysfunction is based predominantly on impaired performance on the Wisconsin Card 
Sorting Test (WCST). The WCST is one of the most widely used tests of prefrontal 
functioning, even though other areas outside the prefrontal cortex have also been 
shown to be activated during this task. In addition, significant correlations have also 
been found between frontal NAA concentrations and other cognitive functions such 
as verbal learning and memory (Ohrmann et al., 2007), attention/vigilance, verbal 
learning and social cognition (Jarskog et al., 2013), and verbal fluency (Shirayama et 
al., 2010), although other studies did not find significant relationships between frontal 
NAA concentrations and neuropsychological tests results (Buckley et al., 1994; Szulc 
et al., 2012). Evidence from meta-analyses also shows that impaired insight cannot 
be explained exclusively by abnormal executive functioning. Other cognitive deficits, 
such as impairments in verbal learning, memory and attention, may be associated with 
poor insight as well (Nair et al., 2014). Furthermore, other functions of the prefrontal 
cortex, such as metacognitive functioning, may also help explain lack of insight. The 
abilities to make complex representations of the self (and others), to reflect upon one’s 
own behaviour, and to take the perspective of others may all play a role in the aetiology 
of impaired insight (Koren et al., 2004; Langdon and Ward, 2009). To our knowledge, 
only one study examined metacognitive insight, which was defined as self-monitoring 
ability, in schizophrenia thus far. This study found that impaired metacognitive insight 
was associated with reduced GM volumes in the right DLPFC, left ventrolateral PFC, 
right insula, bilateral premotor area and bilateral putamen (Spalletta et al., 2014). Such 
metacognitive functions have yet been insufficiently studied in relationship to poor 
clinical insight, although the initial findings do imply a role of these processes (De Vos 
et al., manuscript in preparation). Metacognition has also been associated with brain 
areas outside the prefrontal cortex, however (Fleming and Dolan, 2012).

With regard to the association between NAA concentrations and clinical insight as 
measured with the BIS, we found that this relationship could mainly be explained 
by the correlation between the subscale Awareness of illness and tNAA/Cre ratios. 
Insight is regarded as a multidimensional construct and, indeed, our results suggest 
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that prefrontal NAA concentrations are more strongly related to some than to other 
dimensions of insight. This is in line with previous studies that suggested involvement 
of different areas in separate dimensions of insight (Antonius et al., 2011; Shad et 
al., 2006a). Shad and colleagues, for instance, suggested that DLPFC abnormalities 
may underlie lack of awareness of illness by interfering with self-monitoring, while 
abnormalities of the orbitofrontal cortex (OFC) may underlie problems with attribution 
of symptoms (Shad et al., 2006a). This is in line with a study that found a relationship 
between cortical thickness of the OFC and delusion attribution in patients with 
a psychotic disorder (Buchy et al., 2012a). Another study examined the effect of a 
3-week course of bilateral rTMS of the DLPFC in schizophrenia patients with negative 
symptoms (Dlabac-de Lange et al., 2015), and the authors found improvement of 
clinical insight, which was mainly the result of a higher score on the BIS subscale 
measuring awareness of need for treatment. All these studies suggest an association 
between DLPFC abnormalities and one or more dimensions of clinical insight. However, 
the construct of insight is rather complex and it may be associated with several 
(partially overlapping) cognitive functions coordinated by different brain regions (and 
interactions between them). For example, dorsomedial frontal areas and the anterior 
cingulate cortex could play an important role in conflict monitoring and switching from 
self to other perspective in order to enhance relabelling of symptoms, which may thus 
be less dependent on DLPFC function.

The correlation between NAA concentrations and insight as measured with the PANSS 
G12 item also showed a relationship between lower NAA concentrations and poorer 
insight, but this correlation did not reach statistical significance. No relationship was 
found between clinical insight and other neurometabolite concentrations (Glx, tCr, 
tCho and mI). This is in line with expectations, since most previous studies did not find 
abnormalities of creatine, choline and myo-inositol levels in schizophrenia (Kraguljac et 
al., 2012; Marsman et al., 2013; Poels et al., 2014). Some studies found abnormalities of 
glutamate but the relation between glutamate levels and insight has not been examined 
before. Furthermore, insight did not correlate with illness duration, standardized 
antipsychotic dose or symptom scores suggesting that insight may be independent 
of these variables. Earlier studies found a relationship between insight and negative or 
positive symptoms, while other studies failed to replicate this (see (Joseph et al., 2015)). 
We also did not find a correlation between NAA concentrations and positive or negative 
symptoms. Results of earlier studies examining these correlations were also mixed: 
one earlier study found an association between dorsolateral prefrontal NAA/Cr ratios 
(which were a mean of right and left hemispheres) and negative symptoms (Callicott et 
al., 2000), while another study did not find an association between NAA concentrations 
in the left DLPFC and negative or positive symptoms (Sigmundsson et al., 2003).
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3.5.1 Limitations
First, our study is cross-sectional in design. Longitudinal studies are necessary in the 
future, to examine whether impaired insight could be the consequence of abnormal 
neurodevelopment or other neuropathological processes. Second, clinical insight was 
measured with both a one-dimensional (PANSS item G12) and a multidimensional 
measure (BIS). It is recommended to use multidimensional measures, since earlier 
studies have suggested that different dimensions of clinical insight are of differing 
complexities and rely on different brain areas (Shad et al., 2006a). Nevertheless, using 
both the PANSS G12 item and the BIS allowed us to assess clinical insight with a single 
item interview-based clinician/researcher-reported measure as well as a multi-item 
self-reported measure. Other studies have shown that interview-based ratings may 
measure different aspects of insight compared to self-reported ratings (Young et 
al., 2003). In addition, even though the PANSS G12 item is a single-item measure, it 
incorporates the different dimensions of clinical insight. Future studies could benefit, 
however, from measuring insight with more elaborate measures, such as the Scale 
to Asses Unawareness of Mental Disorder (SUMD) (Amador et al., 1993), as these 
measures can give additional information on different aspects of insight.

3.5.2 Conclusion
Future studies are needed to further examine whether problems with impaired 
insight arise from DLPFC abnormalities or because of abnormal input to the DLPFC 
resulting from pathology in other areas. Future research should focus on the role 
of different cognitive abilities in different dimensions of insight and should consider 
neurocognitive, metacognitive and social cognitive factors in attempts to explain the 
aetiology of impaired insight. In addition, similarities between neurological patients with 
unawareness of deficits after right hemisphere damage and unawareness of illness in 
schizophrenia have been suggested based on results of structural and neurocognitive 
studies (Shad et al., 2007). Thus, besides focusing on the left DLPFC, neurometabolite 
abnormalities in the right DLPFC might be worth studying as well. 
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4.1 Abstract

Background. Insight is impaired in the majority of schizophrenia patients. The exact 
neural correlates of impaired insight remain unclear. We assume that the ability to 
regulate emotions contributes to having good clinical insight, as patients should be 
able to regulate their emotional state in such a way that they can adapt adequately 
in order to cope with impaired functioning and negative stigma associated with a 
diagnosis of schizophrenia. Numerous studies have shown emotional dysregulation 
in schizophrenia. We investigated the association between insight and brain activation 
and connectivity during emotion regulation. 

Methods. Brain activation during emotion regulation was measured with functional MRI 
in 30 individuals with schizophrenia. Two emotion regulation strategies were examined: 
cognitive reappraisal and expressive suppression. Clinical insight was measured 
with the Schedule of Assessment of Insight – Expanded, and cognitive insight was 
measured with the Beck Cognitive Insight Scale. Whole brain random effects multiple 
regression analyses were conducted to assess the relation between brain activation 
during emotion regulation and insight. Generalized psychophysiological interaction 
(gPPI) was used to investigate the relation between task-related connectivity and 
insight. 

Results. No significant associations were found between insight and neural correlates 
of cognitive reappraisal. For clinical insight and suppression, significant positive 
associations were found between symptom relabeling and activation in the left 
striatum, thalamus and insula, right insula and caudate, right pre- and postcentral 
gyrus, left superior occipital gyrus and cuneus and right middle and superior occipital 
gyrus and cuneus. Furthermore, reduced clinical insight was associated with more 
connectivity between midline medial frontal gyrus and right middle occipital gyrus. 
For cognitive insight and suppression, significant positive associations were found 
between self-reflectiveness and activation in pre- and postcentral gyrus and middle 
cingulate gyrus. 

Conclusions. Our results suggest an association between the capacity to relabel 
symptoms and activation of brain systems involved in cognitive-emotional control 
and visual processing of negative stimuli. Furthermore, poorer self-reflectiveness may 
be associated with brain systems subserving control and execution. 

Keywords: insight, cognitive reappraisal, expressive suppression, fMRI, gPPI, emotion 
regulation.
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4.2 Introduction

Clinical insight is impaired in the majority of schizophrenia patients (Dam, 2006). It 
includes the following dimensions: (i) illness awareness, (ii) attribution of symptoms 
to the illness, and (iii) awareness of need for treatment (David, 1990). Impaired 
clinical insight is one of the most common reasons for poor treatment adherence, 
and a strong association between impaired clinical insight and poorer outcome 
of the disorder has been shown (Lincoln et al., 2007). Clinical insight is separated 
from cognitive insight, which relates to patients’ attributive metacognitive ability. 
Cognitive insight is defined as the ability to evaluate and reflect upon one’s own 
aberrant views and interpretations (Beck et al., 2004; Cooke et al., 2010). Clinical 
insight requires the ability to reflect upon oneself (i.e. cognitive insight), but also 
the abilities to inhibit one’s own perspective, to take someone else’s perspective 
and to switch between perspectives until the perspective is found that matches 
reality best. Consequently, it has been suggested that social cognitive functions 
such as self-reflectiveness and perspective taking, as well as cognitive functions 
such as cognitive (inhibitory) control and cognitive flexibility (Pijnenborg et al., 2011) 
may play an important role in clinical insight. We assume that the ability to regulate 
emotions contributes to having good clinical insight, as patients should be able to 
regulate their emotional state in such a way that they can adapt adequately in order 
to cope with impaired functioning and negative stigma associated with a diagnosis 
of schizophrenia (Pijnenborg et al., 2011). Better emotion regulation skills may also 
be associated with being more open to considering the possibility of having a 
mental disorder. The association between emotion regulation and insight has not 
been studied before. Results of an earlier study suggested that stigma resistance 
was associated with emotion regulation in patients with schizophrenia (Raij et al., 
2014). A model illustrating the relationship between several processes that may 
be involved in impaired insight can be seen in Figure 1.

Numerous studies have shown emotional dysregulation in schizophrenia (Henry 
et al., 2007; Horan et al., 2013; Morris et al., 2012; Perry et al., 2012; Van der Meer 
et al., 2014). Emotion regulation refers to an individual’s ability to manage their 
emotional states (Gross, 1998). Several emotion regulation strategies exist and 
individuals differ in their use of them (Gross, 1998). In this study, we focus on the 
two most-applied emotion regulation strategies, namely cognitive reappraisal and 
expressive suppression. Cognitive reappraisal is antecedent-focused (i.e. focused 
on processes that precede an emotional response) and expressive suppression is 
response-focused (i.e., focused on response that is already under way). Several 
studies have shown that schizophrenia patients use reappraisal less frequently and 
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suppression more frequently compared to healthy individuals (Kimhy et al., 2012; 
Livingstone et al., 2009; van der Meer et al., 2009), while other studies did not find 
significant differences (Badcock et al., 2011; Henry et al., 2008; Perry et al., 2011). 

Figure 1: Model of impaired insight in schizophrenia. Adapted from (Pijnenborg et al., 2011).

During cognitive reappraisal, individuals control negative emotions by changing their 
way of thinking. The neural correlates of cognitive reappraisal of emotional stimuli 
have been investigated extensively in healthy subjects using functional neuroimaging. 
These studies found increased activation of the prefrontal cortex (PFC; including the 
dorsolateral prefrontal cortex (DLPFC), ventrolateral PFC (VLPFC), the dorsomedial PFC 
(DMPFC) and the posterior prefrontal cortex), inferior parietal cortex, dorsal anterior 
cingulate cortex (dACC) and reduced activation of the amygdala, ventral striatum, 
insula and ventromedial PFC (VMPFC) during reappraisal (see (Diekhof et al., 2011) 
and (Buhle et al., 2014) for meta-analyses). These studies suggest top-down control 
of the prefrontal cortex on areas involved in emotion processing (e.g. the amygdala). 
In schizophrenia, neuroimaging studies have reported hypo-activation of the VLPFC 
compared to healthy controls (Morris et al., 2012; Van der Meer et al., 2014). During 
expressive suppression, emotion expression is inhibited. Two neuroimaging studies 
in healthy participants found increased activation of the DLPFC, VLPFC, and insula 
during suppression (Goldin et al., 2008; Ohira et al., 2006). Findings of these studies on 
amygdala activation were mixed, with one study finding increased and the other study 
finding decreased activation during suppression (Goldin et al., 2008; Ohira et al., 2006). 
No neuroimaging studies on suppression have been conducted in schizophrenia yet. 
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We assume that emotion regulation by means of cognitive reappraisal requires insight 
and awareness, as it entails conscious effort in order to initiate it and monitor emotions 
during its execution. Therefore, we hypothesize that patients with impaired insight 
are less able to regulate their negative emotions through reappraisal and will make 
more use of suppression. Specifically, we expect a relationship between reappraisal 
and cognitive insight since reappraisal is a predominantly cognitive process. We 
hypothesize that patients with poorer cognitive insight show increased activation of 
prefrontal and emotional arousal-related areas, as well as more connectivity between 
prefrontal and emotional arousal-related areas suggesting increased mental effort 
and top-down control to exert cognitive reappraisal. In addition, we hypothesize that 
patients with poorer clinical insight will make more use of suppression and, therefore, 
will show less brain activation of and connectivity between relevant areas (DLPFC, 
VLPF and insula) during suppression compared to patients with better insight. A 
visualization of our hypotheses can be seen in Figure 2.

Figure 2: Hypotheses.

4.3. Methods

4.3.1 Participants 
35 individuals with schizophrenia (SZ; 73% men) and 16 healthy controls (HC; 67% 
men) were included in this study. All patients were diagnosed with schizophrenia by 
a psychiatrist according to DSM-IV-TR (American Psychiatric Association, 2000) 
and ICD-10 criteria (World Health Organisation, 2012), which was confirmed with 
the Mini International Neuropsychiatric Interview (MINI-plus) (Sheehan et al., 1998). 
Patients were recruited from several mental health institutions in the Netherlands in a 
consecutive manner. All healthy controls were assessed with the MINI-plus (Sheehan 
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et al., 1998) to confirm lack of personal history of psychiatric, somatic and neurological 
illnesses. They were matched to the patient group on age, handedness, gender and 
education. All participants were of ages 18 and above and were able to give informed 
consent. Exclusion criteria for this study were having an acute psychosis, having a 
co-morbid psychiatric, somatic and/or neurological disorder, drug use, change of 
medication within the last week, use of a benzodiazepine equivalent to more than 
3 mg lorazepam, electroconvulsive therapy within the last year and MRI contra-
indications (i.e. metal implants, red ink tattoos, pregnancy or possibility thereof and 
claustrophobia). All participants provided informed consent and received 45 euros 
for participation. The study protocol was approved by the medical ethical board of the 
University Medical Center Groningen and was in accordance with the latest version of 
the Declaration of Helsinki. 

Five patients and one healthy control were excluded from analyses for different 
reasons: lack of understanding of fMRI task (2 SZ), MRI artefact (1 SZ), lack of logging 
of onset times of different conditions fMRI task (1 SZ) and excessive head motion (1 
SZ and 1 HC). This left a group of 30 SZ patients and 15 HC for analyses; their clinical 
and demographic characteristics can be seen in Table 1. 

Table 1: Clinical and demographic characteristics of all participants. 

Variable Schizophrenia 
patients (mean 
(SD))

Healthy controls
(mean (SD))

Significance

Age (years)a 35.00 (10.16) 
(range: 20-57)

33.60 (11.11) 
(range: 21-53) 

F(1,43)=.178, 
p=0.675

Gender (percentage male)a 73% 67% χ(1)=0.216, 
p=0.642

Level of educationab 5.37 (1.16) 5.60 (.91) U=202.5, p=0.571

Self-reported handedness 
(percentage right-handed)a

87% 87% χ(1)=0, p=1

Estimate of premorbid intelligenceac 98.00 (16.30) 93.1 (10.05) F(1,42)=1.508, 
p=0.226

Age of illness onset (years) 23.83 (7.73)

Illness duration (years)d 11.10 (8.60)

Use of antipsychotic medicatione

None 2

Olanzapine 14

Aripiprazole 12

Quetiapine 5

Clozapine 3
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Table 1: Continued.

Variable Schizophrenia 
patients (mean 
(SD))

Healthy controls
(mean (SD))

Significance

Haloperidol 1

Perphenazine 1

Pimozide 1

Risperidone 1

PANSS

Negative symptoms 14.27 (4.61)

Positive symptoms 14.47 (5.47)

General psychopathology 29.17 (7.73)

Total 57.90 (14.71)

SAI-E

Awareness of illness 8.84 (3.49)

Relabeling of symptoms 3.57 (2.14)

Need for treatment 1.70 (.70)

Subtotal 15.93 (7.21)

BCIS

Self-reflection 15.87 (5.16) 

Self-certainty 9.83 (4.20)

Composite score 6.03 (5.01)
a. No significant differences were found between groups in age (tested with ANOVA), gender (tested 
with Chi-Square test), level of education (tested with Mann-Whitney U Test), handedness (tested with 
Chi-Square test) and estimate of premorbid intelligence (tested with ANOVA).
b. According to Verhage (1964).
c. Measured with the Dutch Adult Reading Test (DART). DART-scores were missing for 1 healthy 
control.
d. Illness duration information was missing for 1 patient. 
e. Some patients were using multiple antipsychotic medications.
Abbreviations: PANSS=Positive and Negative Syndrome Scale; SAI-E=Schedule of Assessment of 
Insight – Expanded; BCIS=Beck Cognitive Insight Scale. 

4.3.2 Clinical measures
4.3.2.1 Clinical characteristics. Severity and frequency of last week’s symptoms were 
assessed with the Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987), 
which is a semi-structured interview scored by a trained interviewer. The PANSS was 
used for the assessment of general psychopathology as well as positive and negative 
symptoms. 
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4.3.2.2 Clinical insight. Clinical insight was measured with the Schedule of Assessment 
of Insight – Expanded (SAI-E) (Kemp and David, 1997). The SAI-E is a 12-item 
researcher-reported semi-structured interview measuring three subdimensions of 
insight: (1) awareness of illness, (2) relabeling of symptoms and (3) awareness of 
need for treatment (David, 1990). Three subscale scores can be calculated, as well as 
a subtotal score (items 1-9), with higher scores indicating better clinical insight. These 
subscales have been confirmed with factor analysis in several studies that found three 
similar factors (Dantas and Banzato, 2007; David et al., 2003; Konstantakopoulos et al., 
2013). Subscale scores as well as SAI-E subtotal score were used for fMRI analyses.

4.3.2.3 Cognitive insight. Cognitive insight was measured with the Beck Cognitive 
Insight Scale (BCIS) (Beck et al., 2004). The BCIS is a self-report 15-item questionnaire 
that consists of two subscales: (1) self-reflection (SR; e.g., ‘I am sometimes wrong 
about how people feel and think about me’; 9 items) and (2) self-certainty (SC; e.g., 
‘my interpretations of my experiences are absolutely right’; 6 items). These two factors 
have been confirmed by multiple studies (Buchy et al., 2012b; Favrod et al., 2008; 
Gutiérrez-Zotes et al., 2012; Kao and Liu, 2010; Uchida et al., 2009). Two subscales 
scores and a composite index score (self-reflection score minus self-certainty 
score) were computed. All three scores were used for subsequent fMRI analyses. 
Poor cognitive insight is reflected by high scores on self-certainty, low scores on self-
reflection and a low composite index score. 

4.3.2.4 Emotion Regulation Questionnaire. Emotion regulation strategies were 
assessed with the Dutch version of the Emotion Regulation Questionnaire (ERQ) 
(Gross and John, 2003). This is a 10-item self-report questionnaire that measures 
the use of reappraisal and suppression as emotion regulation strategies in daily 
life. This questionnaire consists of 6 items measuring reappraisal (e.g. ‘I control 
my emotions by changing the way I think about the situation I am in’) and 4 items 
measuring suppression (e.g. ‘I control my emotions by not expressing them’). These 
subscales have been confirmed with factor analysis (Melka et al., 2011). All items were 
measured on a 7-point scale (strongly disagree - strongly agree). Subscale scores 
were calculated by dividing the total subscale score by the number of subscale items.

4.3.2.5 Positive And Negative Affect Schedule. The Positive And Negative Affect 
Schedule (PANAS) (Watson et al., 1988) is a 20-item self-report measure assessing 
positive and negative affect at this moment. Reponses were measured on a 5-point 
scale (very slightly or not at all - extremely). The PANAS has been shown to be a reliable 
and valid measure of affective state (Crawford and Henry, 2004). 
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4.3.3 Task and stimuli
The emotion regulation task of event-related design that is used in this study is based 
on the theoretical framework of Gross (Gross, 1998), and was designed and published 
by Ochsner et al. (Ochsner et al., 2002). The task was programmed using E-Prime 
software version 1.0.2 (Psychology Software Tools, Pittsburg, PA, USA), run in Windows, 
which also recorded participants’ responses. This task was validated in a previous 
study by our group examining healthy individuals, patients with schizophrenia and 
non-affected siblings (Van der Meer et al., 2014). Before scanning, all participants 
received training to make sure they completely understood the task and what was 
asked of them. They told the researcher how they would regulate their emotions during 
the different conditions in order to practice all different emotion regulation strategies 
until complete understanding of the task. The emotional pictures, extracted from 
the International Affective Picture System (IAPS), which were used as stimuli during 
training, were different from pictures used during the experiment.

During the experiment, 88 stimuli were shown in total, of which 66 were negative 
(mean valence: 2.6; mean arousal: 5.7) and 22 were neutral (mean valence: 1.3, mean 
arousal: 1.9). Stimuli were selected in a randomized way. Each trial lasted 15.5 seconds 
and consisted of six parts: (1) view (2 seconds), (2) regulation (4 seconds), (3) lingering 
(2 seconds), (4) rating (3 seconds), (5) relax (4 seconds) and (6) intertrial interval 
(0.5 seconds) (see Figure 3). Only the regulation part differed between trials, and 
could be one of five conditions: attend neutral, attend negative, reappraise, suppress 
and increase. During View, participants were shown the emotional picture with the 
instruction ‘view’ asking participants to look at the picture. After that, instructions 
were presented on the screen below the picture instructing the participants how 
to regulate their emotional reaction to the picture (Regulation: attend, reappraise, 
suppress or increase). Instructions were in accordance with Ochsner et al. (2002) 
(Ochsner et al., 2002) and Goldin et al. (2008) (Goldin et al., 2008), but translated into 
Dutch. During ‘attend’ the participants were asked to just look at the picture, while 
the participants were asked to regulate their emotions during ‘reappraise’, ‘suppress’ 
and ‘increase’. During ‘reappraisal’ the participant was instructed to reinterpret the 
picture in a way that decreases negative feelings. The instructions for ‘suppression’ 
asked the participant to suppress the expressive emotional reaction provoked by the 
picture. They were instructed that no one should be able to read their emotions from 
their face. The ‘increase’ condition entailed the opposite of the ‘reappraise’ condition, 
so participants had to increase the negative emotions caused by the stimulus. Stimuli 
were shown for 6 seconds in total (during View and Regulation). After the emotion 
regulation part of this task, the participants were asked to let their emotions linger 
while a black screen was shown to them (Lingering). Consequently, participants had 
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to rate how negatively they felt at that moment (Rating; score 1-4 from ‘not negative’ 
to ‘very negative’). At last, the word ‘relax’ was presented and participants could relax 
for 4 seconds (Relax). The intertrial interval lasted 0.5 second and consisted of a black 
screen to indicate start of a new trial. Each regulation condition occurred 22 times; 
hence, the experimental paradigm consisted of 110 trials (22 trials per condition) of 
15.5 seconds. After every tenth trial, a rest block was included in which a fixation cross 
was presented for 20 seconds (Fixation; baseline). Total fMRI scan duration for this 
task was around 32 minutes. The task was scanned in two sessions to prevent fatigue.

Figure 3: Overview of task.

4.3.4 Image acquisition 
All scans were made in the Neuroimaging Center of the University Medical Center 
Groningen (UMCG) in Groningen. Scans were acquired using a 3T Phillips Intera 
Quaser (Philips Intera, Best, the Netherlands) equipped with a synergy SENSE eight-
channel head coil. Functional images were acquired using a T2*-weighted echo-planar 
sequence producing 37 interleaved axial slices tilted approximately 30°, a thickness 
of 3.5 mm and no slice gap to cover the entire cortex (TR=2 s; TE=30 ms; flip angle=70 
degrees; FOV=224, 129.5, 224; 64 x 62 matrix of 3.5 x 3.5 x 3.5 voxels). In addition, a T1-
weighted 3D fast field echo (FFE) anatomical image (voxel size 1 x 1 x 1mm) containing 
170 slices (TR=9 ms; TE=3.54 ms; slice thickness=1 mm; 256 x 256 matrix; FOV 232, 
170, 256 mm) was acquired parallel to the bicommissural plane. Every run started with 
several dummy scans to ensure steady state magnetization before acquiring the data 
used for analyses. 

4.3.5 Method of analysis 
4.3.5.1 Demographic and clinical characteristics and insight. SPSS 20 (SPSS Inc., 
Chicago, IL, USA) was used for all behavioral data analyses. First, groups were compared 
on demographic characteristics and Pearson correlations between demographic and 
illness-related variables (i.e., age, sex, estimates of premorbid intelligence, handedness, 
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illness duration and standardized antipsychotic dose) and (cognitive and clinical) 
insight were calculated. Premorbid IQ was estimated with the Dutch Adult Reading 
Test (DART) (Schmand et al., 1991). A threshold of p<0.05, two-tailed, was used as the 
standard for statistical significance and all correlations between demographics and 
insight were evaluated at an FDR-corrected level (corrected for 12 tests) (Benjamini 
and Hochberg, 1995). Second, we examined the association between symptomatology 
and insight. Pearson correlations between PANSS scores on negative symptoms, 
positive symptoms, general psychopathology and illness severity (PANSS total minus 
item G12) and (cognitive and clinical) insight were calculated. All correlations were 
evaluated at an FDR-corrected level (corrected for 8 tests). In addition, we calculated 
intercorrelations between all insight measures (i.e. PANSS G12, SAI-E and BCIS) 
with clinical (i.e. PANSS scores on negative symptoms, positive symptoms, general 
psychopathology, PANAS (affect), ERQ (emotion regulation strategy) or cognitive (i.e. 
estimate of premorbid intelligence) measures. Haloperidol equivalents were calculated 
based on antipsychotic dose (Andreasen et al., 2010). Haloperidol equivalents of 
pimozide were calculated by first converting to olanzapine according to Gardner et al. 
(Gardner et al., 2010), followed by conversion to haloperidol according to Andreasen 
et al. (Andreasen et al., 2010).

4.3.5.2 Emotion regulation questionnaire. We examined a priori differences in emotion 
regulation strategies between groups with two separate ANOVAs for the two subscales 
of the ERQ (Reappraisal and Suppression). Additionally, we calculated Pearson 
correlations between a priori emotion regulation strategies and insight, results of 
which were evaluated at an FDR-corrected level corrected for 4 tests. A threshold of 
p<0.05, two-tailed, was used as the standard for statistical significance.

4.3.5.3 Affect. We performed an ANOVA to examine a priori differences in affect 
between groups: PANAS scores were entered as within-subject variable and group 
as between-subject variable. Pearson correlations between a priori (negative and 
positive) affect and insight were calculated. A threshold of p<0.05, two-tailed, was 
used as the standard for statistical significance, and all correlations between PANAS 
subscales and insight were evaluated at an FDR-corrected level corrected for 4 tests. 

4.3.5.4 Emotion regulation task. The degree of negative affect (rating) and the reaction 
times (RTs) of these ratings during the emotion regulation task were examined with 
repeated measures ANOVA. We entered condition (attend neutral, attend negative, 
reappraise, suppress and increase) as a within-subject factor, and group (HC and SZ) 
as a between-subject factor. Pearson correlations between negative affect ratings 
during the task and insight were calculated. A threshold of p<0.05, two-tailed, was used 
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as the standard for statistical significance and all correlations between negative affect 
ratings and RTs (after reappraise and suppress) and (clinical and cognitive) insight 
were evaluated at an FDR-corrected level corrected for 8 tests.

4.3.5.5 fMRI analyses. We analyzed fMRI-data using Statistical Parametric Mapping 
(SPM12 – version r6223) (www.fil.ion.ucl.ac.uk/spm) run in Matlab 8.1 (The MathWorks 
Inc., Natick, MA, USA). First, all images were checked for artefacts (1 patient was 
excluded, as mentioned in Participants subsection). Functional as well as anatomical 
images were reoriented parallel to the AC-PC plane. Functional images were corrected 
for slice timing (reference slice: middle slice) and realigned to the first volume of the 
first run. The details of the transformation were checked and participants who showed 
more than 6 mm movement across the session were dropped from analyses (1 HC and 
1 SZ, as mentioned in Participants subsection). The mean functional scans created 
during realignment were coregistered to the anatomical scans (4th degree B-spline 
interpolation). Functional images were spatially normalized based on the Montreal 
Neurological Image (MNI) T1 template and smoothed with a 6 mm full-width half 
maximum (FWHM) Gaussian smoothing kernel. Smoothing was done with a 6 mm 
kernel given our a priori interest in the amygdala. Coregistration and normalization were 
checked after coregistration and/or normalization and, if necessary, adjusted manually 
(adjustment after coregistration, n=31; additional adjustment after normalization, n=21). 
In case of manual adjustment after normalization, functional images were resliced 
after this adjustment. 

At first level, a general linear model (GLM) was created which included 14 condition-
regressors (7 condition-regressors per session) modelled with a boxcar function 
convolved with a canonical hemodynamic response function (HRF): (1) view, (2) attend 
neutral, (3) attend negative, (4) reappraisal, (5) suppression, (6) increase, and (7) after. 
The regressor ‘after’ included the Lingering, Rating and Relax parts of the task. Fixation 
crosses and intertrial intervals were seen as baseline brain activity. The six estimated 
motion parameters and their derivatives were added to the model to correct for motion 
effects. A high-pass filter cut-off of 128 seconds was used, and serial correlations 
were accounted for using an autoregressive (AR (1)) model during classical (ReML) 
parameter estimation. Three contrasts were defined for each participant: (1) reappraise 
versus attend negative, (2) suppress versus attend negative, and (3) increase versus 
attend negative. These contrasts examine which brain regions are activated more 
during emotion regulation compared to attending to a negative picture, to isolate 
regions that are important for these emotion regulation strategies. The increase 
condition was not of our interest.
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At second level, first, main task effects were examined in all participants with one 
sample t-tests using contrasts reappraise > attend negative, suppress > attend 
negative and increase > attend negative. Second, between group differences were 
examined with two sample t-tests using the same contrasts. Between group analyses 
were conducted to examine whether patients engaged additional or different neural 
resources compared to HC. Third, second-level whole brain random effects multiple 
regression analyses were conducted to assess the relation between brain activation 
during emotion regulation and insight. Only patients were included in these analyses 
(n=30), and whole brain as well as region of interest (ROI) analyses were conducted. 
Contrasts reappraisal > attend negative and suppression > attend negative were 
used for further analyses, as there was no rationale for examining the association 
between insight and use of reappraisal to increase negative emotions. Thus, the 
contrast reappraisal > attend negative or suppression > attend negative was entered, 
with demeaned clinical insight scores (SAI-E subtotal score) or demeaned cognitive 
insight scores (BCIS composite index score) as covariate of interest. The same analysis 
was done for the subscale scores, with either the three demeaned SAI-E subscale 
scores as covariates of interest or the demeaned BCIS subscale scores as covariates 
of interest. All of these analyses were thresholded with family-wise error (FWE) 
cluster-level correction at p<0.05 (using an initial threshold of p<0.001, uncorrected). 
No extra correction was applied to correct for the number of contrasts tested. For the 
ROI random effects multiple regression analyses, masks of the IFG were made using 
Marsbar (Brett et al., 2002), based on group level activation during either reappraise 
> attend negative or suppress > attend negative. For reappraisal > attend negative, 
the mask included the right inferior frontal gyrus, insula and superior temporal gyrus. 
Two masks were made for suppression > attend negative; the first mask included the 
left inferior frontal gyrus and insula, while the second mask included the right inferior 
frontal gyrus and insula. Results of these ROI random effects multiple regression 
analyses were viewed with voxel-level pFWE<0.05 and small volume correction (SVC).

In order to investigate task-related connectivity, we used generalized psychophysiological 
interaction version 13.1 (gPPI) (McLaren et al., 2012). One seed region of interest, with 
a 6 mm-radius, was defined functionally per contrast based on peak activation of the 
group: (1) left IFG activated during reappraisal > attend negative (MNI coordinates 
-52 20 12) and (2) midline MFG activated during suppression > attend negative (MNI 
coordinates 2 2 60). The seed ROIs were made using Marsbar (Brett et al., 2002). 
First, the time course representing activation in the seed region (first eigenvariate 
from the timeseries) was extracted from these seed regions for each subject, and 
neural activation in these seed regions was estimated by hemodynamic deconvolution 
(physiological term). The estimated neural activation in these seed regions was 
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multiplied with task vectors and reconvolved with a canonical HRF (PPI term). The 
individual task vectors were also convolved with a canonical HRF (psychological term). 
Separate task regressors were formed for each condition, and a separate interaction 
term was formed for each condition. For each seed region, a first level (individual) 
GLM analysis was performed with the PPI terms, the task regressors (psychological 
term), the seed region timecourse (physiological term) and a constant. Two contrasts 
were created: reappraise versus attend negative and suppress versus attend negative. 
For each seed region, random effects multiple regression analyses with insight were 
computed at the group-level. Results were thresholded at FWE-corrected p<0.05 at 
cluster-level using an initial threshold of p<0.001 (uncorrected). 

4.4 Results

4.4.1 Behavioral data
4.4.1.1 Covariates
No significant differences in age, sex, level of education, handedness and estimates 
of premorbid intelligence were found between patients and HC. No significant 
correlations were found between insight on the one hand, and demographic, clinical 
variables, emotion regulation strategies, a priori affect, affect ratings and RTs during 
fMRI emotion regulation task on the other hand, after FDR-correction for multiple 
testing. 

No significant correlation was found between SAI-E subtotal scores and BCIS 
composite index scores (r=0.125; p=0.522; n=30). A significant correlation was found 
between SAI-E subtotal scores and BCIS self-certainty scores (r=-0.550; p=0.002), 
indicating that patients with better clinical insight had lower self-reported self-certainty 
(i.e. contributing to higher cognitive insight). In addition, a significant correlation was 
found (after FDR-correction for 6 tests) between SAI-E Awareness of illness subscale 
scores and BCIS self-certainty subscale scores (r=-0.620; pFDR<0.001). 

Intercorrelations between all insight measures (i.e. PANSS G12, SAI-E and BCIS) 
with clinical (i.e. PANSS scores on negative symptoms, positive symptoms, general 
psychopathology, PANAS (affect), ERQ (emotion regulation strategy)) or cognitive (i.e. 
estimate of premorbid intelligence) measures can be found in Supplementary Table S1.

4.4.1.2 Emotion regulation questionnaire
Mean scores on this questionnaire can be seen in Table 2. Data of one HC was missing 
because of technical issues. An ANOVA did not reveal significant differences between 
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groups in the use of reappraisal as emotion regulation strategy (F(1,42)=0.170, p=0.682). 
A difference at trend-level was found between groups for the use of suppression 
(F(1,42)=2.921, p=0.095), meaning that patients reported to use this emotion regulation 
strategy more frequently than HC.

4.4.1.3 Affect
Mean affect scores can be seen in Table 2). An ANOVA revealed a priori differences 
in affect (as measured with the PANAS) between groups. Patients scored higher on 
negative affect (F(1,39)=5.69, p=0.022), and lower on positive affect (F(1,39)=6.65, 
p=0.014) compared to HC.

4.4.1.4 Emotion regulation task
Ratings and RTs for affect during emotion regulation are presented in Table 2. A 
repeated measures ANOVA (with Greenhouse-Geisser correction for non-sphericity) 
revealed a main effect for condition on rating of affect (F(3.32, 142.65)=117.19; p<0.001). 
Pairwise comparisons demonstrated that affect ratings were significantly different 
after all conditions, except for reappraise versus suppress conditions. This suggests 
that the task was successfully executed; both regulation strategies successfully 
reduced negative feelings compared to attend trials. A main effect for group on 
affect ratings was also found (F(1,43)=4.74; p=0.035), with patients scoring higher on 
negative affect than controls. No significant interaction effect (group*condition) was 
found on affect ratings. A repeated measures ANOVA for reaction time of negative 
affect rating revealed a main effect for condition (F(4,172)=14.59; p<0.001), as well 
as an interaction effect between condition and group (F(4,172)=6.13; p<0.001). The 
combined group of HC and SZ was fastest after increase, followed by attend neutral, 
reappraise, suppress and attend negative. Post-hoc tests with Bonferroni correction 
showed that their RTs were significantly faster after increase than after suppress or 
attend negative; faster after attend neutral, than after suppress and attend negative; 
and faster after reappraise than after suppress. Less variation was seen in RTs of SZ 
patients, compared to HC. No main effect for group was found.
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Table 2: Affect, emotion regulation strategies and affect ratings after emotion regulation.

Variable Schizophrenia 
patients (mean (SD))

Healthy controls
(mean (SD))

PANASa

Positive 30.89 (5.98) 35.60 (4.97)

Negative 17.77 (7.85) 12.80 (2.27)

Total 48.65 (9.36) 48.40 (5.74)

ERQb

Reappraisal 4.69 (1.42) 4.87 (1.02)

Suppression 3.34 (1.23) 2.66 (1.24)

Rating negative affect after emotion regulation

Attend neutral 1.28 (0.25) 1.08 (0.09)

Attend negative 2.77 (0.55) 2.45 (0.47)

Reappraise 2.27 (0.62) 2.11 (0.49)

Suppress 2.45 (0.53) 2.22 (0.51)

Increase 3.12 (0.54) 2.91 (0.36)

RT negative affect after emotion regulation (ms)

Attend neutral 1215.26 (514.16) 931.75 (333.67)

Attend negative 1317.20 (491.13) 1323.25 (478.55)

Reappraise 1190.10 (534.82) 1169.87 (355.72)

Suppress 1245.87 (517.73) 1385.40 (398.76)

Increase 1117.51 (487.23) 1064.75 (310.45)
a. n=41 (PANAS information was missing for 4 SZ patients).
b. n=44 (ERQ information was missing for 1 HC).
Abbreviations: PANAS=Positive and Negative Affect Schedule; ERQ=Emotion Regulation 
Questionnaire; RT=reaction time.

4.4.2 fMRI results
4.4.2.1 Main task effects and differences between groups
The contrast reappraisal > attend negative showed activation in bilateral superior 
frontal gyrus/medial frontal gyrus (supplementary motor area), bilateral middle frontal 
gyrus, bilateral inferior frontal gyrus, bilateral insula, left middle temporal gyrus, left 
inferior parietal lobule (angular gyrus) and left middle temporal gyrus. These areas 
have been shown to support reappraisal in a meta-analysis of Buhle and colleagues 
(2014) (Buhle et al., 2014). Other activated areas were midline middle cingulate cortex, 
right superior temporal pole, right vermis of the cerebellum, right caudate, right middle 
temporal gyrus and left precuneus. The reverse contrast attend negative > reappraisal 
did not show any activation after cluster-level FWE-correction (p<0.05). 
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The contrast suppression > attend negative showed activation in the midline superior 
frontal gyrus/medial frontal gyrus (supplementary motor area), bilateral inferior frontal 
gyrus and insula and right supramarginal gyrus. The reverse contrast attend negative 
> suppression showed activation in the midline calcarine sulcus/cuneus/lingual 
gyrus, right superior and middle occipital gyrus and right inferior temporal gyrus. 
An earlier study by our group (Van der Meer et al., 2014) comparing brain activation 
during emotion regulation between schizophrenia patients and non-affected siblings 
did not find any significant activation during suppression (with an initial threshold of 
p<0.001 and cluster-level FWE-correction (p<0.05). Brain activation found in our study 
is consistent with other studies in healthy individuals (Goldin et al., 2008; Hayes et 
al., 2010; Van der Velde et al., 2015), however, confirming the validity of this condition. 
Lack of findings in our previous study may be explained by a lack of power, since main 
effect analyses were conducted with data of only 20 individuals (45 in this study) and 
a complex general linear model was made consisting of 32 regressors (14 regressors 
in this study).

Lastly, the contrast increase > attend negative revealed activation in the midline medial 
frontal gyrus and superior frontal gyrus, left middle temporal gyrus, left superior 
temporal gyrus, bilateral inferior frontal gyrus and insula. These areas have been 
shown to support reappraisal in a meta-analysis of Buhle et al. (Buhle et al., 2014). 
Activation was also found in the right vermis of the cerebellum and the left thalamus. 
The reverse contrast attend negative > increase showed activation in cuneus/calcarine 
sulcus and lingual gyrus. A full overview of these results can be seen in Table 3. 

With regard to reappraisal > attend negative, HC showed more activation in the left 
middle temporal gyrus compared to SZ patients. The reverse comparison (SZ > HC) 
did not reveal any significant differences thresholded at cluster-level FWE-corrected 
p<0.05. The other contrasts (suppression > attend negative and increase > attend 
negative) did not show significant differences between groups with these thresholds. 
These results can be seen in Table 3.
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Table 3: Main effects of reappraisal, suppression and increase on BOLD responses and comparisons 
between groups.

MNI coordinates
Hemi-
sphere

k 
voxels

x y z Z

Reappraisal > attend negative
Midline superior frontal gyrus/medial frontal 
gyrus (supplementary motor area), midline middle 
cingulate cortex, L middle frontal gyrus, L inferior 
frontal gyrus, L insula

Midline 
and L

5601 -2
-6

-44

10
18
24

62
48
-4

6.67
6.44
6.27

Inferior frontal gyrus, insula, superior temporal pole R 466 50
56
54

14
26

4

-14
6

-20

5.56
4.39
4.34

Middle temporal gyrus L 268 -50
-58
-42

0
-6
4

-20
-12

-28

5.53
4.92
4.24

Cerebellum (vermis) R 412 32
24
26

-64
-64
-76

-28
-30
-28

5.12
4.39
4.39

Inferior parietal lobule (angular gyrus), middle 
temporal gyrus

L 1621 -38
-50
-48

-68
-36
-60

42
-2
28

4.76
4.74
4.60

Superior frontal gyrus, middle frontal gyrus L 118 -22 50 20 4.71
Middle cingulate gyrus L/R 159 -4

-2
-14
-24

38
28

4.49
3.70

Caudate R 113 12
10

20

14
6

20

8
4
6

4.29
4.16

3.28
Middle frontal gyrus R 133 42

44
20
14

42
50

4.22
3.76

Middle temporal gyrus R 238 48
52
60

-34
-18

-40

-4
-12
-2

4.03
4.03
4.00

Precuneus L 103 -2
-4

-60
-46

22
16

3.75
3.68

Reappraisal > attend negative HC > SZ
Middle temporal gyrus L 109 -50

-40
-48
-42

8
16

4.01
3.75

Suppression > attend negative
Superior frontal gyrus/medial frontal gyrus 
(supplementary motor area)

Midline 1288 2
12
-4

2
18
16

60
38
46

5.01
4.61
4.51

Inferior frontal gyrus, insula R 547 44
44
60

14
12
12

6
-4
20

4.53
4.41
4.15
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Table 3: Continued.
MNI coordinates

Hemi-
sphere

k 
voxels

x y z Z

Supramarginal gyrus R 192 62
62
52

-46
-38
-38

36
40
34

4.52
3.94
3.50

Insula, inferior frontal gyrus (pars opercularis) L 298 -42
-32
-48

12
16
8

2
-6
6

4.49
4.07
3.87

Attend negative > suppression
Calcarine sulcus, cuneus, lingual gyrus Midline 3339 -8

-4
-30

-86
-88
-82

2
12

22

5.46
5.24
5.24

Superior occipital gyrus, middle occipital gyrus R 1063 28
32
24

-78
-70
-74

32
30
22

4.93
4.79
4.68

Inferior temporal gyrus R 130 48 -54 -16 4.75
Increase > attend negative
Medial frontal gyrus, superior frontal gyrus Midline 1954 -2

-4
6

20
4
6

60
62
66

5.96
5.95
5.23

Cerebellum (vermis) R 481 20
36
32

-68
-60
-78

-28
-28
-28

5.51
4.77
3.94

Middle temporal gyrus, superior temporal gyrus L 745 -54
-58
-46

-54
-36
-36

6
42
-6

5.43
4.17
4.15

Inferior frontal gyrus, insula L 1328 -38
-32
-52

14
26
12

0
2

-2

5.23
5.10
5.10

Inferior frontal gyrus, insula R 219 50
44
36

18
18
16

-8
-14
-6

4.32
4.27
4.10

Thalamus L 113 -4
-4
-4

-20
-36
-28

6
0
4

4.26
3.79
3.43

Attend negative > increase
Cuneus, calcarine sulcus L 362 -10

-6
-88
-84

22
14

5.08
4.95

Lingual gyrus L 243 -12
-20

-70
-66

-4
-6

4.89
3.51

All results of main effects analyses are shown with an initial threshold of p<0.001 (uncorrected) and 
cluster-level FWE-correction at p<0.05. Degrees of freedom= [1.0 44.0]. Abbreviations: L=left; R=right.
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4.4.2.2 Activation during emotion regulation and insight
No significant associations were found between activation during reappraisal and 
(clinical or cognitive) insight. We found a positive association between scores on 
SAI-E Relabeling of symptoms subscale and activation during suppression > attend 
negative in left striatum, thalamus and insula, right insula and caudate, right pre- and 
postcentral gyrus, left superior occipital gyrus and cuneus, and the right middle and 
superior occipital gyrus and cuneus. These results can be seen in Figure 4a and Table 
4. ROI-analyses did not show additional activations that survived voxel-level FWE-
correction (p<0.05). We checked overlap between these areas and areas that were 
found in main task effects. We firstly made ROIs of areas that were associated with 
insight in Marsbar (Brett et al., 2002). Consequently, we checked overlap between 
these areas and main task activation by entering these ROIs with main task activation 
t-maps in MRIcroGL (Rorden and Brett, 2000). With FWE-correction at cluster level to 
correct for multiple testing, the left striatum, thalamus and insula, the right insula and 
caudate, and the right precentral and postcentral gyrus regions did not overlap with 
regions observed in the main effect of suppression > attend negative, suggesting that 
these regions may be important for insight but making it uncertain which role they play 
in expressive suppression. Most of these regions were activated during suppression 
when viewing results with lower statistical thresholds, however (punc<0.01 or <0.05). 

Whole-brain regression analyses with cognitive insight showed significant positive 
correlations between scores on SR and activation during suppression > attend negative 
in bilateral pre- and postcentral gyrus, and the left middle cingulate gyrus. These 
results can be seen in Figure 4b and Table 4. ROI-analyses did not show additional 
activations that survived FWE-correction at voxel-level (p<0.05). 

4.4.2.3 Connectivity during emotion regulation and insight
Whole brain gPPI analyses for suppression > attend negative showed more connectivity 
between midline medial frontal gyrus and the right middle occipital gyrus (lingual gyrus 
and fusiform gyrus) in patients with lower SAI-E subtotal scores. This result can be 
seen in Figure 5 and Table 4. No other associations with (clinical or cognitive) insight 
survived correction for multiple testing at cluster-level (pFWE<0.05). 
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Figure 4. A. Association between clinical insight (SAI-E subscale relabeling of symptoms) and 
brain activation during suppression. B. Association between cognitive insight (BCIS subscale self-
reflectiveness) and brain activation during suppression.

Figure 5. Association between clinical insight (SAI-E subtotal scores) and brain connectivity during 
suppression. Left: seed region in the midline medial frontal gyrus. Right: association between clinical 
insight (SAI-E subtotal scores) and connectivity with seed region during suppression.



120

Table 4: Associations between insight and activation or connectivity during emotion regulation. 

MNI coordinates

Hemi-
sphere

k 
voxels

x y z Z

Activation
Clinical insight
Suppression > attend negative and SAI-E relabeling of symptoms

Positive correlation

Caudate, putamen, thalamus, insula L 211 -26
-24
-16

0
-6
-8

10
16
22

4.61
4.14
4.04

Insula, caudate R 251 22
36
32

-16
-24
-32

20
24
20

4.59
3.91
3.87

Precentral gyrus, postcentral gyrus R 162 28
34
20

-32
-20
-24

68
62
64

4.12
4.02
3.63

Superior occipital gyrus, cuneus L 228 -14
-22
-28

-82
-82
-72

42
30
18

4.11
4.09
3.67

Middle occipital gyrus, superior occipital gyrus, 
cuneus

R 209 28
14
20

-76
-78
-84

30
28
26

3.83
3.74
3.52

Cognitive insight
Suppression > attend negative and BCIS self-reflection

Positive correlation

Precentral gyrus, postcentral gyrus L 113 -34
-46

-18
-12

44
38

4.85
3.49

Middle cingulate gyrus L 121 -12
-10
-6

-6
2

-14

40
34
40

4.38
3.73
3.68

Precentral gyrus, postcentral gyrus R 224 46
36
48

-16
-18
-4

36
40
32

4.32
4.09
4.05

Connectivity
Clinical insight
Suppression > attend negative and SAI-E subtotal (seed: midline medial frontal gyrus

Negative correlation 

Middle occipital gyrus (lingual gyrus, fusiform gyrus) R 104 30
28
26

-80
-68
-86

0
2
-8

4.16
3.73
3.45

All results of regression analyses are shown with an initial threshold of p<0.001 (uncorrected) and 
cluster-level FWE-corrected p<0.05. 
Abbreviations: L=left; R=right. 
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4.5 Discussion

The aim of this study was to examine the relationship between insight and brain 
activation as well as connectivity during emotion regulation in schizophrenia. For 
reappraisal, we did not find any significant associations between activation or 
connectivity and insight. A possible explanation for this could be that this study was 
conducted in a structured laboratory setting which does not resemble real life, as 
patients were explicitly cued and instructed to reappraise. This could result in patients 
being abler to regulate their emotions compared to real life, since in more complex social 
settings, cognitive control and working memory may be more challenged, especially 
in patients with impaired insight. For expressive suppression, we hypothesized that 
patients with poorer clinical insight would show less brain activation of relevant areas 
(i.e. DLPFC, VLPC and insula) during expressive suppression. We indeed found that 
patients with poorer ability to relabel symptoms showed less brain activation in the 
left striatum, thalamus and insula and the right insula and caudate during expressive 
suppression. In addition, they showed less brain activation in areas involved in visual 
processing of negative stimuli (i.e. left superior occipital gyrus and cuneus and right 
middle and superior occipital gyrus and cuneus). The latter is strengthened by the 
finding that connectivity between the midline medial frontal gyrus, an important area 
for execution of emotion regulation (Kohn et al., 2014; Vanderhasselt et al., 2013), and 
the right middle occipital gyrus, showed to be increased in patients with poorer clinical 
insight. Our results suggest that patients with poorer ability to relabel symptoms 
engage different neural pathways during expressive suppression, which are implicated 
in cognitive-emotional control and visual processing of negative stimuli, implying a 
role of emotion regulation in clinical insight. Decreased activation of the insula during 
suppression might imply decreased self-focus, as individuals with poorer ability to 
relabel symptoms might direct their attention less inward to monitor their expressions 
(Hayes et al., 2010; Richards and Gross, 2000). In addition, less activation of areas 
involved in visual processing of negative stimuli could indicate that patients with poorer 
ability to relabel symptoms implicitly reduce processing of emotion-evoking aspects 
of negative stimuli during expressive suppression. Other studies showed attentional 
shifts and reduced viewing of negative stimuli during emotion regulation (Dillon et 
al., 2007; Gross, 1998), even without instruction to do so (Bebko et al., 2011; Hayes et 
al., 2010; van Reekum et al., 2007). Reduction of negative affect by use of expressive 
suppression appeared to be as successful in patients with poorer insight, as we did 
not find a significant correlation between (clinical or cognitive) insight and negative 
affect rating after suppression. 
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Other studies also found associations between clinical insight and brain activation 
of areas that were shown to be involved in expressive suppression in our study. 
Sapara and colleagues, for example, found that patients with poorer insight (based 
on Birchwood Insight Scale scores) showed less activation in the left putamen, 
extending to the caudate, insula and IFG, compared to patients with preserved 
insight during a self-monitoring task (Sapara et al., 2015). They noted that these 
areas are known to be involved in self-monitoring, specifically in the appraisal and 
attribution of self-generated stimuli (Kumari et al., 2010; McGuire et al., 1996; Shergill 
et al., 2001). In addition, an earlier study of our group found an association between 
poorer clinical insight (higher SAI-E subtotal scores) and less activation in the left 
anterior insula, among other areas, during a self-reflection task (van der Meer et al., 
2013). Less insula activation was interpreted as weaker emotional and interoceptive 
response (Modinos et al., 2011). It was suggested that insula activation may result 
from an emotional response evoked by self-reflection (Fossati et al., 2003), which 
may fail to occur in patients with impaired insight in whom these self-reflective 
processes are hampered to begin with. Other studies have also suggested that the 
representation of interoceptive information mediated by the insula plays an important 
role in higher order processes such as self-awareness and insight (Palaniyappan et 
al., 2011). Lastly, Shad and colleagues found a correlation between unawareness of 
symptoms (as measured with the Scale to Assess Unawareness of Mental Disorder) 
and activation in the left frontal inferior operculum (including parts of the insula, 
caudate and putamen) and left lingual gyrus, as well as between misattribution of 
symptoms (SUMD) and activation of the left frontal inferior triangle (including parts 
of the insula), right putamen and left lingual gyrus during a self-awareness task 
(Shad and Keshavan, 2015). They noted that several studies have shown involvement 
of the basal ganglia in integrative and cognitive processes influencing not only 
sensory-motor control, but also different types of cognitive and limbic affective 
functions (Middleton and Strick, 2000), which underlie complex and integrative 
processes such as self-awareness, introspective perspective of one’s own self and 
consciousness (Kircher and Leube, 2003). However, it is difficult to disentangle the 
neural substrate of impaired insight, as underlying (social) cognitive and emotional 
processes (and their neural substrates) are related, in addition to schizophrenia 
being a heterogeneous disorder. 

With regard to cognitive insight, we found that patients with poorer self-reflectiveness 
abilities had lower activation of brain systems subserving control and execution of 
emotion regulation (i.e. left and right pre- and postcentral gyrus and the left middle 
cingulate gyrus) during suppression. Few fMRI studies have studied the association 
between brain activation during a task and cognitive insight, and associations between 
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higher self-reflection abilities or higher cognitive insight (composite index scores) 
and higher activation of prefrontal areas (VMPFC, VLPFC, DLPFC) has been found 
most frequently (Buchy et al., 2015; Ćurčić-Blake et al., 2015; Lee et al., 2015; van der 
Meer et al., 2013). No associations between cognitive insight and activation in the 
pre- and postcentral gyrus and middle cingulate gyrus have been found before. The 
midcingulate cortex (MCC) has been suggested to be involved in cognitive control and 
intentional motor control and selection (Hoffstaedter et al., 2014), while the pre- and 
postcentral gyri have been associated with movement but also with motor imagery 
and task execution (Stippich et al., 2002). Kohn et al (2014) also showed coactivation 
of the MCC with several emotion regulation areas such as the insula, VLPFC, SMA and 
thalamus suggesting a role of this area in emotion regulation (Kohn et al., 2014). Our 
results could suggest less control and execution of suppression in patients with poorer 
self-reflectiveness. These results are in line with our suggestion that patients with 
poorer insight may implicitly reduce processing of emotion-evoking aspects of negative 
stimuli during expressive suppression and are therefore less involved in expressive 
suppression. Following this line of thought -- the avoidance of emotion-evoking 
aspects of negative stimuli -- is in line with the psychological denial model, which is 
one of several models attempting to explain the etiology of insight. The psychological 
denial model suggests that poor insight is caused by the use of denial as a coping 
strategy in order to reduce distress caused by stigma associated with diagnosis of 
schizophrenia (Cooke et al., 2005). Patients who use denial as a coping strategy, 
therefore, may have impaired insight but suffer less distress as has been shown in 
several cross-sectional studies (Mintz et al., 2003). We did not directly test whether 
poor insight is related to the use of denial as a coping strategy, however. No significant 
relationship was found between self-reflectiveness abilities and negative affect after 
suppression, suggesting that patients with poorer self-reflectiveness abilities were 
as successful in reducing negative affect. No significant relationships were found 
between the other SAI-subscale scores and activation or connectivity during emotion 
regulation. This is in line with the idea that insight is a multidimensional construct, in 
which different brain areas are involved in separate dimensions of insight (Antonius 
et al., 2011; Shad et al., 2006a). In addition, no significant relationships were found 
between activation or connectivity and the BCIS self-certainty score. Other studies 
investigating the association between insight and activation during tasks also found 
mixed results with regard to the BCIS composite index score and subscale scores. 
One study found significant associations with SR only (van der Meer et al., 2013), while 
another study found significant associations with both the composite index score as 
well as SR (Lee et al., 2015). No fMRI-studies found significant associations with the 
SC-subscale thus far. 



124

We did not find significant correlations between insight and other variables such 
as demographic or clinical characteristics, self-reported use of suppression 
and reappraisal, and self-reported negative affect after correction for multiple 
testing. The lack of significant correlations between self-reported use of emotion 
regulation strategy and insight could be explained by our measure of emotion 
regulation strategy (i.e. ERQ), which is a relatively simple self-report questionnaire. 
This measure may not be the most optimal way to measure emotion regulation 
strategies in patients with poor insight, also given that emotion regulation often 
occurs implicitly.

4.5.1 Limitations
First, this study was cross-sectional so no conclusions about the direction of 
causality can be drawn. Second, antipsychotic medication may have influenced 
brain activation. However, several studies have shown that there is no common 
effect of antipsychotics on BOLD-signal (Roder et al., 2013). Also, a high percentage 
of patients with schizophrenia used antipsychotic medication in this study, which 
makes this group of participants a good representation of the whole patient 
population. Third, the ability to regulate emotions was difficult to monitor. The 
effectiveness of reduction of negative affect was measured with self-reported 
affect and neural indices in this study. Future studies should verify effectiveness of 
emotion regulation by measuring facial expression and/or physiological measures 
of emotional reactivity such as heart rate, skin conductance, pupil dilation and 
startle eye blink magnitude. Fourth, in this study, a late-cueing design was used 
in which the regulation instruction was presented 2 seconds after stimulus 
presentation. Therefore, we did not find activation in the amygdala during regulation 
as this happened before. A design in which there is simultaneous presentation of 
the stimulus and instructions for regulation could be more sensitive to amygdala 
activation. On the other hand, our late-cueing design is more similar to real life 
in which a negative stimulus presents before individuals start regulating their 
emotions. 

4.5.2 Conclusions
To summarize, our results suggest that patients with poorer ability to relabel 
symptoms engage different neural pathways during expressive suppression, which 
are implicated in cognitive-emotional control and visual processing of negative 
stimuli. This may be explained by implicit reduction of processing of emotion-
evoking aspects of negative stimuli during expressive suppression. In addition, our 
results suggest that patients with poorer self-reflectiveness abilities engage less 
in control and execution of the task during suppression. Our results are in line with 
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the denial model that suggests that poor insight is caused by the use of denial as 
a coping strategy in order to reduce distress caused by stigma associated with 
diagnosis of schizophrenia. Future studies could investigate whether incorporating 
emotion regulation aspects into interventions that try to improve insight helps in 
improving insight as well as prognosis, as there is still a great need for improvement 
(Pijnenborg et al., 2013b). 

4.6 Supplementary Materials

Table S1: Intercorrelations between insight measures and clinical and cognitive measures.

SAI BCIS POS NEG GLO PPO PNE REA SUP IQ

G12 0.717* 0.280 -0.284 -0.393* -0.480* 0.138 0.105 -0.394* 0.110 -0.079

SAI 0.125 -0.344 -0.114 -0.251 0.167 0.095 -0.125 0.405* -0.275

BCIS 0.035 -0.066 -0.189 0.156 -0.190 0.009 0.110 -0.099

POS 0.152 0.672* -0.097 0.122 -0.070 -0.144 0.206

NEG 0.573** -0.112 0.118 -0.015 0.101 -0.390*

GLO -0.276 0.228 -0.012 -0.003 0.010

PPOS -0.104 0.578* 0.370 0.376

PNE -0.320 -0.386 -0.128

REA 0.324 -0.031

SUP -0.270

Abbreviations: G12=Positive and Negative Syndrome Scale (PANSS) item G12 (rescored); SAI=Schedule 
for the Assessment of Insight – Expanded (SAI-E) subtotal; BCIS=Beck Cognitive Insight Scale 
(BCIS) composite index score; POS=PANSS positive symptoms; NEG=PANSS negative symptoms; 
GLO=PANSS global psychopathology; PPOS=Positive and Negative Affect Schedule (PANAS) positive 
affect; PNE=Positive and Negative Affect Schedule (PANAS) negative affect; REA=Emotion Regulation 
Questionnaire (ERQ) reappraisal; SUP=Emotion Regulation Questionnaire (ERQ) suppression; 
IQ=premorbid estimate of IQ measured with Dutch Adult Reading Test (DART). 
*Correlations significant at the 0.05 level (2-tailed; uncorrected for multiple testing).
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5.1 Abstract

Background. Impaired clinical insight (i.e. illness awareness) and cognitive insight (i.e. 
metacognitive ability of self-evaluation) are prevalent in schizophrenia and relate to 
poorer outcome. Impaired insight has been related to gray matter (GM) abnormalities 
in regions distributed across the brain but whether focal associations show coherence 
at the brain’s systems-level is unknown. 

Methods. We used graph theory to examine whether individual GM-network metrics i) 
differ between patients with a psychotic disorder (n=114) and healthy controls (n=54), 
and ii) relate to insight within patients. Clinical insight was measured with the Schedule 
for the Assessment of Insight–Expanded and item G12 of the Positive and Negative 
Syndrome Scale, and cognitive insight with the Beck Cognitive Insight Scale. Individual 
GM-similarity networks were created from GM-segmentations of T1-weighted MRI-
scans. Graph metrics were calculated at the global (i.e. whole-brain) and local (i.e. 90 
regions) level using the Brain Connectivity Toolbox. 

Results. Patients demonstrated lower global and local clustering coefficients, higher 
global and local betweenness centrality and lower local path length than controls, 
indicating a reorganization of hub-regions. Within patients, poorer clinical insight was 
associated with global higher betweenness centrality and lower clustering coefficient. 
Poorer cognitive insight was associated with lower global and local clustering 
coefficient, global path length, and global and local small-worldness. 

Conclusions. This indicates that individuals with a psychotic disorder show lower 
segregation and more random topology of brain networks, that varies as a function of 
insight. Systems-level abnormalities in people with a psychotic disorder thus appear 
to be relevant for specific symptomatology.

Keywords: connectivity, graph theory, magnetic resonance imaging, schizophrenia, 
neuroimaging, small-world topology.
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5.2 Introduction

Clinical insight is impaired in 50-80% of patients with schizophrenia (Dam, 2006) and 
has been associated with poorer prognosis (Lincoln et al., 2007). Impaired insight is also 
common in other neurological and psychiatric illnesses such as dementias, substance-
related disorders, and obsessive-compulsive disorder (Goldstein et al., 2009; Mangone 
et al., 1991; Matsunaga et al., 2002). Clinical insight has been conceptualized as a 
multidimensional construct encompassing (i) awareness of illness, (ii) attribution 
of symptoms to the illness, and (iii) recognizing need for treatment (David, 1990). 
It can be distinguished from cognitive insight, which refers to the meta-cognitive 
abilities to reflect upon oneself (i.e. self-reflectiveness) and to not be overly certain 
of one’s own (incorrect) beliefs (i.e. self-certainty) (Beck et al., 2004; Cooke et al., 
2010). Despite the numerous studies conducted on the neural basis of insight, the 
exact neuroanatomical underpinnings of both types of impaired insight remain unclear. 
An improved understanding of this might help in finding better treatment options to 
improve insight.

Thus far, researchers have failed in pinpointing impaired insight to isolated brain areas. 
Instead, structural abnormalities in gray matter (GM) volume and thickness have been 
found in a distributed network of brain regions (Bergé et al., 2011; Cooke et al., 2008; 
Emami et al., 2016; Ha et al., 2004; McFarland et al., 2013; Sapara et al., 2016). Studies 
examining functional and white matter brain connectivity, related poorer clinical insight 
to abnormalities of cortical midline and Default Mode Network structures in patients 
with schizophrenia (Shad et al., 2006b). With regard to cognitive insight, a resting 
state fMRI study found a significant negative association between self-certainty 
and connectivity with the left inferior frontal cortex in the dorsal attention network 
(Gerretsen et al., 2014). Studies examining white matter brain connectivity did not 
find significant associations (Buchy et al., 2016; Ćurčić-Blake et al., 2015; Gerretsen 
et al., 2014; Orfei et al., 2013). Interestingly, a pilot study using a seed-based approach 
indicated a relation between self-certainty and cortical thickness covariance of the 
ventrolateral prefrontal cortex and parts of the inferior frontal and superior frontal 
gyrus (Kuang et al., 2017). This suggests an important role of a frontal network in self-
certainty. Lobar specificity of this finding remains unclear, because the authors did not 
characterize whole brain topology. However, one could expect that insight is associated 
with spatially diffuse global abnormalities at the systems-level as it requires different 
social-, neuro- and meta-cognitive functions (e.g., self-reflectiveness, perspective 
taking, cognitive flexibility) that cannot be pinpointed to isolated brain regions. 
This may also explain why previous studies examining insight found inconsistent 
abnormalities of regions distributed across the brain with small effect sizes (Xavier 



130

and Vorderstrasse, 2016). Methods taking the complex network of the whole brain into 
account may provide a more meaningful explanation of impaired insight in psychotic 
disorders than a focal (regional) approach.

In order to identify potential biomarkers for illnesses or symptoms, it is essential that 
individual network characteristics can be related to individual differences. Previous 
studies on GM networks in psychotic disorders created group-level networks, 
however (Bassett et al., 2008; Palaniyappan et al., 2019; Zhang et al., 2012). In this 
study, structural networks were created on an individual level based on similarity in 
GM structure, a reliable method to construct GM networks (Tijms et al., 2015, 2012). 
Structural similarity might result from mutual genetic influences (Schmitt et al., 
2009), axonal tension (Essen, 1997; Gong et al., 2012; Hilgetag and Barbas, 2005), 
synchronized developmental change (Alexander-Bloch et al., 2013), and functional 
coactivation of brain areas (Alexander-Bloch et al., 2013; Evans, 2013; Seeley et al., 
2009). GM networks have shown considerable agreement with networks based on 
white matter and functional connectivity (Gong et al., 2012; Kelly et al., 2012), and 
appear to reflect brain organization at a longer timescale compared to functional 
networks and at a shorter timescale than white matter networks (Evans, 2013). In 
these GM-similarity graphs, brain areas represent nodes that are connected through 
edges, determined by GM similarity between nodes. Brain graphs are characterized by 
small-world topology, which enables a balance between information integration and 
segregation in order to maximize information transfer while minimizing wiring and 
metabolic costs (Bullmore and Sporns, 2009). In addition, highly interconnected areas, 
i.e. ‘hubs’, make systems more resilient toward pathological damage of nodes and/or 
edges (Achard, 2006). At the same time, hubs are also considered the weakest points 
of these systems. Several studies have shown lower small-world topology (Bassett 
et al., 2008; Bullmore and Sporns, 2009; Liu et al., 2019; Lynall et al., 2010) and less 
‘hub-characteristics’ of the insula and dorsolateral prefrontal cortex in patients with 
schizophrenia (Bassett et al., 2008). System-level variations might explain complex 
phenotypes, including insight, that involve integration of many regions.

In this study, we therefore approached the brain as one network (i.e. the connectome). 
The aim of our study was to investigate whether structural networks of patients with 
a psychotic disorder are characterized by aberrant small-world topology (specifically 
clustering and small-world coefficient) and hub-characteristics (measured with 
betweenness centrality) and whether these system-level characteristics relate to 
poorer insight. Based on previous studies indicating spatially diffuse abnormalities 
across the brain (Bergé et al., 2011; Cooke et al., 2008; Emami et al., 2016; Ha et al., 
2004; McFarland et al., 2013; Sapara et al., 2016), we expect aberrant small-world 
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topology in patients with poorer insight. Furthermore, previous studies showed a 
shift in location of hub-regions in patients with schizophrenia, possibly reflecting 
a compensatory mechanism accounting for aberrant global network organization 
(Palaniyappan et al., 2019; Zhang et al., 2012). Therefore, we also expect lower ‘hub-
characteristics’ of cortical midline structures, the dorsolateral prefrontal cortex and 
the insula in patients with poorer insight, as these areas have been implicated in poorer 
insight previously.

5.3 Methods

5.3.1 Participants
Structural T1-weighted MRI data of 126 individuals with a psychotic disorder and 
56 healthy controls (HC) was included. These participants were enrolled in one of 
five studies conducted at the NeuroImaging Center of the University Medical Center 
Groningen (UMCG) between 2008 and 2015: (1) a study comparing the neural effects 
of aripiprazole and risperidone (EUDRA-CT: 2007-002748-79) (Liemburg et al., 2017), 
(2) a study examining the effect of repetitive transcranial magnetic stimulation on 
negative symptoms (trial number in Dutch trial register: NTR1261) (Dlabac-de Lange et 
al., 2015), (3) a study examining the neural basis of insight in affective and non-affective 
psychosis (Van der Meer et al., 2014), (4) a study examining a cognitive-emotional 
intervention aimed at improving insight (trial number in Dutch trial register: NTR1799) 
(Pijnenborg et al., 2011), and (5) a study examining the neural correlates of cognitive 
and emotion processing in healthy siblings of patients (van der Velde et al., 2014). 
Patients were recruited from several mental health institutions in the Netherlands and 
were diagnosed with a psychotic disorder according to DSM-IV(-TR) criteria (American 
Psychiatric Association, 2000), confirmed with the Schedules for Clinical Assessment 
in Neuropsychiatry (Giel and Nienhuis, 1996) or MINI-international neuropsychiatric 
interview (Sheehan et al., 1998). HC were recruited through advertisements. Inclusion 
criteria for patients and healthy controls (HC) were age older than 18 years and being 
able to give informed consent. Exclusion criteria for patients were having an acute 
psychotic episode, having a comorbid neurological disorder, insufficient mastery 
of Dutch language, and MRI-contraindications. An exclusion criterion for HC was a 
lifetime axis I diagnosis. Additional inclusion criteria applied to two of these studies. 
Additional inclusion criteria, per study, were: a score of at least 15 on the negative 
subscale of the Positive and Negative Syndrome Scale interview (PANSS) (study 2) 
(Kay et al., 1987), impaired insight as defined by both rating by a clinician and a score 
lower than 10 on the Birchwood Insight Scale (BIS) (study 4) (Birchwood et al., 1994). 
Additional exclusion criteria applied to three of the studies. Additional exclusion criteria 
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were, per study: rTMS contraindications (e.g. personal/family history of epilepsy, brain 
surgery or head injury with loss of consciousness in the past), previous treatment with 
rTMS, severe behavioral disorders and substance dependency within the previous 6 
months (study 2), having a co-morbid psychiatric and/or somatic disorder, drug use, 
change of medication within the last week, use of a benzodiazepine equivalent to >3 
mg lorazepam, electroconvulsive therapy within the last year (study 3), and receiving 
cognitive behavioral therapy (study 4). Additional inclusion criteria for HC of studies 
4 and 5 were not having a history of somatic and/or neurological illnesses confirmed 
with the MINI-plus. Study protocols were approved by the medical ethical board of the 
UMCG and were in accordance with the latest version of the Declaration of Helsinki. 
All participants gave written informed consent prior to participation in these studies. 

5.3.2 Symptoms
Severity and frequency of past week’s symptoms were assessed with the Positive and 
Negative Syndrome Scale (PANSS) (Kay et al., 1987). This is a rating scale to assess 
positive, negative and general symptoms in schizophrenia. Two trained interviewers 
obtained a consensus score for each item on a seven-point scale indicating severity 
of the symptom in the past week (1=absent; 7=extreme). 

5.3.3 Insight measures
Clinical insight was measured with item G12 of the PANSS (Kay et al., 1987) in 114 
patients and with the Schedule of Assessment of Insight – Expanded (SAI-E) (Kemp 
and David, 1997) in a subsample of 62 patients (i.e. 28 from study 3 and 34 from study 
4). In this subsample of 62 patients, the Beck Cognitive Insight Scale (BCIS) (Beck et 
al., 2004) was additionally administered to assess cognitive insight.

Item G12 of the PANSS measures lack of judgment and insight. It is one of the most 
frequently used measures of clinical insight (Shad et al., 2006b), and correlations with 
other measures such as the SAI-E have shown to be strong (Sanz et al., 1998).

The SAI-E is a 12-item researcher-reported semi-structured interview measuring 
three subdimensions of insight (Dantas and Banzato, 2007; David et al., 2003; 
Konstantakopoulos et al., 2013): awareness of illness, relabeling of symptoms and 
awareness of need for treatment (David, 1990). The last 3 clinician-rated items (i.e. A, 
B and C; part of awareness of need for treatment subscale) were discarded as they 
were missing for many patients. Subscale scores as well as a subtotal score were used 
for analyses. The SAI-E score on item 6 was missing for one patient of Study 4. This 
score was substituted by the average score on item 6 for all other patients of Study 4.
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The Beck Cognitive Insight Scale (BCIS) (Beck et al., 2004) is a self-report 15-item 
questionnaire consisting of two subscales (Buchy et al., 2012b; Favrod et al., 2008; 
Gutiérrez-Zotes et al., 2012; Kao and Liu, 2010; Uchida et al., 2009): self-reflectiveness 
(SR) and self-certainty (SC). We also computed a composite index score (i.e. self-
reflection minus self-certainty score). All three scores were used for analyses. Poorer 
insight was reflected in higher self-certainty, lower self-reflection and lower composite 
index scores. 

In our sample, 57% of patients had impaired insight as defined by a score of at least 3 
on the PANSS G12 item. Significant correlations in the expected direction were found 
between PANSS G12 and all SAI-E scores (PANSS G12 and SAI-E subtotal: rs=-0.69, 
p<0.001) as well as the BCIS composite index score (rs=-0.33, p=0.008).

5.3.4 Data acquisition and preprocessing
T1-weighted images were acquired in the Neuroimaging Center of the University 
Medical Center Groningen, the Netherlands, using a 3T MRI scanner equipped with 
an 8 channel SENSE head coil (Philips Intera, Best, Netherlands) (matrix size 256 mm 
x 256; FOV=256, 232, 170 mm; voxel size=1x0.9x1; TR=9 ms; TE=3.5 ms; 170 slices; 
duration=4 min 11 s). Scans were acquired parallel to the bicommissural plane, covering 
the whole brain.

Data was preprocessed using Statistical Parametric Mapping version 12 (SPM12; www.
fil.ion.ucl.ac.uk/spm) implemented in Matlab R2015a (Mathworks inc, Natick, MA). 
Preprocessing steps included manual reorientation to set the origin of the scans to 
the anterior commissure, and segmentation into gray matter (GM), white matter (WM) 
and cerebrospinal fluid (CSF) using unified segmentation. Quality of segmentations 
was checked for each GM segmentation individually, and by displaying one slice per 
individual and checking sample homogeneity using covariance in the VBM8 toolbox. 
This resulted in exclusion of twelve patients and two healthy controls.

5.3.5 Construction of single-subject structural networks
The method for construction of single-subject structural networks is described in Tijms 
et al. (2012) (Tijms et al., 2012) and the code is available on Github (https://github.com/
bettytijms/Single_Subject_Grey_Matter_Networks). The full pipeline is illustrated in 
Figure 1. In short, with this method a brain network was created per individual based 
on GM similarity. Consequently, each network was binarized by applying a subject-
specific threshold of p<0.05, which was determined with permutation testing. This 
resulted in unweighted and undirected networks. Subsequently, the following basic 
and higher-order graph metrics were computed for each individual using code of the 
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Brain Connectivity Toolbox (BCT) (Rubinov and Sporns, 2010): (1) size (i.e. number of 
nodes), (2) degree (i.e. number of edges) and (3) connectivity density (i.e. number 
of existing edges relative to number of all possible edges), (4) characteristic path 
length (L; i.e. the minimum number of edges between any two nodes), (5) clustering 
coefficient (CC; fraction of node’s neighbors that are each other’s neighbors), and (6) 
betweenness centrality (BC; i.e. the proportion of paths that run through a specific 
node). In addition, per individual, 20 randomized reference networks with identical 
size, degree and degree distribution were created and their higher-order graph metrics 
were calculated. Computation of graph metrics of individual and random networks 
was performed in Matlab 2018a on the high-performance computing facilities of the 
university of Groningen, the ‘Peregrine’ cluster multicore Dell comprised of 24 Intel Xeon 
2.5 GHz cores. Subsequently, we calculated normalized path length (λ) and normalized 
clustering coefficient (γ) by dividing L and CC of each network, respectively, by those 
averaged from 20 random networks. Lastly, we computed small-world coefficients (σ) 
by dividing γ with λ. Networks show small-world topology when clustering coefficient 
is higher and path length is similar to that of random reference networks (i.e. when γ/
λ>1) (Humphries and Gurney, 2008; Watts and Strogatz, 1998). Graph metrics were 
computed on a global (i.e. averaged over the whole brain) as well as local level (i.e. 
averaged for 90 anatomical areas defined with the Automated Anatomical Labeling 
Atlas (AAL) atlas) (Tzourio-Mazoyer et al., 2002). To calculate local graph metrics per 
individual, an AAL-atlas was warped to subject space per individual with (1) inverse 
deformation parameters obtained during segmentation, and (2) coregistration 
parameters obtained during creation of gray matter networks. Per individual, subject 
space GM segmentations were then parcellated into 90 areas with the AAL-atlas. 
Nodes were labelled according to the most frequently occurring AAL-label of a node’s 
voxels. Graph metrics per node were averaged within an AAL-area to obtain local graph 
metrics per AAL-area. The AAL-parcellation was chosen in order to be consistent with 
previous studies using the same methodology so that results could be compared to 
existing literature.

5.3.6 Statistical analyses
Data was analyzed with IBM SPSS Statistics 24 (SPSS Inc., Armonk, NY). FDR-
correction for multiple testing was applied with the p.adjust function in R version 3.5.2 
(R Core team, 2018).

5.3.6.1 Covariates. First, to ensure that results of our analyses were not confounded 
by any quality differences between studies, we compared GM, WM and CSF volumes 
with a one-way ANOVA (i.e. WM volume) or non-parametric Kruskal-Wallis tests (i.e. 
GM volume and CSF volume). In addition, differences in connectivity distributions 



135

C
hapter 5

G
ray m

atter netw
orks and insight in psychosis

between studies were visually checked with cumulative histograms in Matlab R2015a 
(Mathworks inc, Natick, MA). Significant different variables were added as additional 
covariates to all analyses (i.e. GM volume, see Results for details).

Figure 1: Visualization of methods. Adapted from Tijms et al. (2012) and Verfaillie et al. (2018) (Tijms 
et al., 2012; Verfaillie et al., 2018).
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Second, to ensure that results of our group comparisons were not confounded by any 
differences in basic graph metrics or participant characteristics between groups, we 
compared differences in size (t-test), degree (t-test), density (non-parametric Mann-
Whitney U test), total GM (non-parametric Mann-Whitney U test), total WM (t-test), 
total CSF (non-parametric Mann-Whitney U test), sex (chi-square test), handedness 
(chi-square test), age (non-parametric Mann-Whitney U test) and education (non-
parametric Mann-Whitney U test) between groups. Earlier studies showed that basic 
graph metrics influence higher-order graph metrics (van Wijk et al., 2010). Results 
were evaluated at an FDR-corrected level (p<0.05) corrected for 10 tests. In addition, 
for each AAL-region, basic graph metrics were compared between groups with non-
parametric Mann-Whitney U tests. Results were evaluated at an FDR-corrected level 
(p<0.05) corrected for 270 tests (i.e. 3*90). In case of significant differences between 
groups, basic graph metrics or participant characteristics were added as additional 
covariate in comparisons of higher-order graph metrics between groups (i.e. education 
for comparison of all graph metrics between groups, density of AAL-regions 68 and 
86 for comparisons of local graph metrics of these areas - see Results for details).

Third, to ensure that results of our analyses were not confounded by any associations 
of other variables and insight, we calculated correlations between basic graph metrics 
(i.e., size, degree or density) or participant characteristics (i.e. age, sex, education, 
handedness, illness duration, standardized antipsychotic dose, PANSS positive 
symptoms, PANSS negative symptoms, PANSS global symptoms minus G12, total GM, 
total WM, total CSF), and insight (i.e. PANSS G12, SAI-E subtotal and subscales, BCIS 
composite index score and subscales) with Pearson or Spearman correlations. Results 
were evaluated at an FDR-corrected level (p<0.05) corrected for 120 (i.e. 15 variables*8 
insight measures) tests. In addition, for each AAL-region, we calculated Spearman 
correlations between insight and basic graph metrics as well as local GM volume. 
Results were evaluated at an FDR-corrected level (p<0.05) corrected for 2880 (i.e. 8 
insight measures*4 variables*90 regions) tests. In case of significant associations with 
insight, basic graph metrics or participant characteristics were added as additional 
covariate in analyses examining the association between insight and higher-order 
graph metrics (i.e. PANSS positive scores for correlations with SAI-E Relabeling of 
symptoms, see Results for details). 

5.3.6.2 Comparison of GM network measures between patients and HC. Analysis of 
covariance was used to assess group differences in graph metrics (i.e. path length, 
clustering coefficient, normalized path length, normalized clustering coefficient, 
betweenness centrality or small-world coefficient) between patients and controls. 
Results were evaluated at an FDR-corrected level (p<0.05) corrected for six tests. 
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Analyses were repeated for a subsample of patients diagnosed with schizophrenia 
(n=97), and a subsample of patients for which additional insight measures (i.e., SAI-E 
and BCIS) were available (n=62).

Analysis of covariance (ANCOVA) was used to assess group differences in graph metrics 
(i.e. path length, clustering coefficient, normalized path length, normalized clustering 
coefficient, betweenness centrality or small-world coefficient) between patients and 
controls on the local level. All models were adjusted for total GM volume, education, 
and local GM volume within that AAL-area, in line with previous papers applying the 
same methodology (e.g.,(Tijms et al., 2013)). Additionally, analyses regarding areas 68 
and 86 were additionally adjusted for density of these areas. Results were evaluated 
at an FDR-corrected level (p<0.05) corrected for 540 (i.e. 6*90) tests at the local level. 
Analyses were repeated with inclusion of patients diagnosed with schizophrenia only 
(n=97), and with only including patients for which additional insight measures (i.e., 
SAI-E and BCIS) were available (n=62).

5.3.6.3 Associations between GM network measures and insight. Associations 
between graph metrics and insight were calculated at the global and local level with 
partial Spearman correlations correcting for total GMV (and additionally local GMV at 
the local level). First, we examined the association between graph metrics and PANSS 
G12 scores for the entire patient group (n=114). Analyses were repeated for the group 
of patients with schizophrenia (n=97), and for patients for whom additional insight 
measures were available (n=62). 

Second, for this subsample of 62 patients, we examined associations between graph 
metrics and SAI-E (subtotal or scores on three subscales) or BCIS scores (composite 
index score or scores on two subscales). Results were evaluated at an FDR-corrected 
level (p<0.05) corrected for eight tests (i.e. eight insight scores) at the global level and 
720 tests (i.e. 8*90) at the local level.

5.4 Results

5.4.1 Participants
Initially, 126 patients with a psychotic disorder and 56 HC were included. Twelve patients 
and two HC were excluded during MRI-analyses because of movement (n=9), extreme 
brain atrophy (n=1) and problems with segmentation (n=4). This left 114 patients and 
54 HC for analyses (Table 1). 
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Table 1: Participant, whole brain network- and illness characteristics.

Participant characteristics 

Sex (number of males/females) 87/27 34/20 χ(1)=3.242, p=0.072

Age (years) 33.67 (10.86) 35.11 (10.76) U=2826, p=0.392

Handedness (number of right/
left)a

97/8 50/3 χ(1)=0.209, p=0.648

Education levelb 5.11 (1.11) 5.87 (0.72) U=1715.5, p<0.001, 
pFDR<0.001*

Whole brain network characteristics

Gray matter volume 723.43 (87.33) 725.85 (80.07) U=3076, p=0.995

White matter volume 475.73 (58.33) 466.32 (56.85) t(166)=-0.99, p=0.326

Cerebrospinal fluid volume 305.54 (84.30) 277.60 (67.33) U=2447, p=0.032, 
pFDR=0.11

Network size 7661.32 (684.14) 7491.78 (703.83) t(166)=-1.49, p=0.139

Network degree 1185.99 (158.03) 1199.52 (159.23) t(166)=0.517, p=0.606

Connectivity density 15.44 (1.08) 15.98 (1.13) U=2323, p=0.01, 
pFDR=0.05

Illness characteristics

Diagnosis (number)
Schizophrenia
Schizoaffective disorder
Schizophreniform disorder
Delusional disorder
Substance induced psychosis
Psychotic disorder NOS

97
2
2
2
2
9

Illness duration (years)c 9.11 (8.66)

Use of antipsychotic medication 
(number)d

None 
Aripiprazole 
Clozapine 
Flupentixol 
Haloperidol 
Olanzapine 
Quetiapine 
Risperidone 
Zuclopenthixol
Pimozide 
Paliperidone
Perfenazine 

20
21
21
2
4
37
11
11
1
1
1
1

Standardized antipsychotic dosee 5.91 (5.82)
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Table 1: Continued.

Mean (SD) 
patients (n=114)

Mean (SD) HC 
(n=54)

Difference between 
groups

PANSS
Subscale negative symptoms 
Subscale positive symptoms 
Subscale general 
psychopathology
Total

15.67 (5.14)
14.66 (4.88)
30.83 (7.09)

61.15 (13.42)
a. Handedness data was missing for 10 participants.
b. Based on Verhage (1964). Education data was missing for 3 participants.
c. Illness duration data was missing for 3 patients.
d. Some patients were using multiple antipsychotic medications concurrently. Data was missing for 
1 patient.
e. Haloperidol equivalent (dose in mg per day) (based on Andreasen et al., 2010) (Andreasen et al., 
2010). Data was missing for 1 patient.
*Significant difference between groups at p<0.001.
Abbreviations: SD=standard deviation; HC=healthy controls; NOS=not otherwise specified.

5.4.2 Covariates
When including all patients and healthy controls, a significant difference in total GM 
volume (χ2(4)=22.029, p<0.001) was found between studies with a Kruskal-Wallis H 
test. No differences were found in total WM and total CSF. In addition, no differences 
in connectivity distributions were seen between studies. Therefore, in order to take 
differences between studies into account, total GM volume was entered as covariate 
in all analyses. Local analyses were additionally corrected for local GM volume.

Patients were educated significantly lower than healthy controls (see Table 1). The 
densities of areas 68 (right precuneus; U=1931, p<0.001, pFDR=0.01) and 86 (right 
middle temporal gyrus; U=1884, p<0.001, pFDR=0.01) were also significantly different 
between groups. No other participant characteristics or basic graph metrics differed 
between groups after FDR-correction. Therefore, education was added as covariate in 
all comparisons of higher-order graph metrics between groups. Densities of areas 68 
and 86 were added in comparisons of higher-order local (i.e., of these regions) graph 
metrics between groups.

Higher PANSS positive scores correlated negatively with SAI-E Relabeling of symptoms 
scores (r=-0.467, p<0.001, pFDR=0.016). No other participant characteristics or basic 
graph metrics correlated significantly with insight measures after FDR-correction. 
Therefore, PANSS positive scores were added as covariate in analyses on the 
association between SAI-E Relabeling of symptoms and higher-order graph metrics.
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5.4.3 Comparison of GM network measures between patients and HC
Globally, connectomes of patients as well as HC showed small-world topology (mean 
small-world coefficient patients=1.52 (SD=0.10); HC=1.55 (SD=0.07). We found lower 
clustering coefficient and higher betweenness centrality in patients compared to HC. 
Results were unchanged when only including patients diagnosed with schizophrenia 
(n=97) or patients for which additional insight measures were available (i.e., SAI-E, 
BCIS) (n=62) (Table 2).

Locally, we compared local gray matter network measures between patients and 
HC to assess whether differences were specific for certain regions or distributed 
across the brain. We found significantly lower path length, normalized path length, 
clustering coefficient, normalized clustering coefficient, and small-world coefficient 
in several areas in patients compared to healthy controls (see Figure 2 and Table 
3). On contrary, bilateral thalamus showed higher small-world coefficient in patients 
compared to healthy controls. Betweenness centrality was higher in several areas 
in patients compared to healthy controls. Second, we compared local gray matter 
network measures between patients and healthy controls while only including patients 
diagnosed with schizophrenia (n=97) or patients of which additional insight measures 
were available (i.e., SAI-E, BCIS) (n=62). Results were similar (see Table 3). 

Table 2: Comparison of global gray matter network measures between patients and healthy controls.

Network measure/AAL-area Mean (SD) patients (n=114) Mean (SD) healthy controls 
(n=54)

Difference between groupsa Difference between groupsb Difference between groupsc

Whole brain gray matter network measures 

Path length (L) 1.99 (0.03) 1.99 (0.02) F(1,165)=0.003, p=0.956 F(1,148)=0, p=0.982 F(1,114)=0.021, p=0.885

Clustering coefficient (CC) 0.44 (0.02) 0.45 (0.02) F(1,165)=17.90, pFDR<0.001** F(1,148)=19.016, pFDR<0.001** F(1,114)= 14.820, pFDR=0.001*

Betweenness centrality (BC) 7585.33 (619.91) 7459.04 (626.25) F(1,165)=7.910, p=0.006, 
pFDR=0.017*

F(1,148)=9.137, p=0.003, 
pFDR=0.009*

F(1,114)= 5.460, p=0.021, 
pFDR=0.06

Normalized path length (λ) 1.08 (0.01) 1.08 (0.01) F(1,165)=2.973, p=0.087 F(1,148)=3.456, p=0.065, 
pFDR=0.08

F(1,114)= 2.835, p=0.095

Normalized clustering 
coefficient (γ)

1.64 (0.13) 1.69 (0.09) F(1,165)=3.239, p=0.074 F(1,148)=4.349, p=0.039, 
pFDR=0.06

F(1,114)=3.514, p=0.064

Small-world coefficient (σ) 1.52 (0.10) 1.56 (0.07) F(1,165)=3.338, p=0.070 F(1,148)=4.582, p=0.034, 
pFDR=0.06

F(1,114)=3.598, p=0.06

NB: Corrected for education and total gray matter volume.
a. n=114 patients and 54 healthy controls.
b. n=97 patients and 54 healthy controls.
c. n=62 patients and 54 healthy controls.
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Table 2: Comparison of global gray matter network measures between patients and healthy controls.

Network measure/AAL-area Mean (SD) patients (n=114) Mean (SD) healthy controls 
(n=54)

Difference between groupsa Difference between groupsb Difference between groupsc

Whole brain gray matter network measures 

Path length (L) 1.99 (0.03) 1.99 (0.02) F(1,165)=0.003, p=0.956 F(1,148)=0, p=0.982 F(1,114)=0.021, p=0.885

Clustering coefficient (CC) 0.44 (0.02) 0.45 (0.02) F(1,165)=17.90, pFDR<0.001** F(1,148)=19.016, pFDR<0.001** F(1,114)= 14.820, pFDR=0.001*

Betweenness centrality (BC) 7585.33 (619.91) 7459.04 (626.25) F(1,165)=7.910, p=0.006, 
pFDR=0.017*

F(1,148)=9.137, p=0.003, 
pFDR=0.009*

F(1,114)= 5.460, p=0.021, 
pFDR=0.06

Normalized path length (λ) 1.08 (0.01) 1.08 (0.01) F(1,165)=2.973, p=0.087 F(1,148)=3.456, p=0.065, 
pFDR=0.08

F(1,114)= 2.835, p=0.095

Normalized clustering 
coefficient (γ)

1.64 (0.13) 1.69 (0.09) F(1,165)=3.239, p=0.074 F(1,148)=4.349, p=0.039, 
pFDR=0.06

F(1,114)=3.514, p=0.064

Small-world coefficient (σ) 1.52 (0.10) 1.56 (0.07) F(1,165)=3.338, p=0.070 F(1,148)=4.582, p=0.034, 
pFDR=0.06

F(1,114)=3.598, p=0.06

NB: Corrected for education and total gray matter volume.
a. n=114 patients and 54 healthy controls.
b. n=97 patients and 54 healthy controls.
c. n=62 patients and 54 healthy controls.

Figure 2: Plots of the AAL-areas that showed lower path length (A), lower clustering coefficient 
(B), higher betweenness centrality (C) and differences in small world coefficients (red=higher; 
purple=lower) in patients compared to healthy controls. 
This figure was created with WFU PickAtlas (Maldjian et al., 2004; Maldjian J.A. et al., 2003; Tzourio-
Mazoyer et al., 2002) and MRIcroGL (Rorden and Brett, 2000).
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Table 3: Comparison of local gray matter network measures between patients and healthy controls.

Network measure/AAL-area Mean (SD) patients 
(n=114)

Mean (SD) healthy 
controls (n=54)

Difference between groupsa Difference between groupsb Difference between groupsc

Local gray matter network measures***

Differences in path length

46. Right cuneus 1.969 (0.034) 1.991 (0.047) n.s. n.s. F(1,114)=11.940, p<0.001, 
pFDR=0.04

69. Left paracentral lobule 1.916 (0.006) 1.949 (0.008) F(1,165)=9.603, p=0.002, 
pFDR=0.04

similar similar

Differences in clustering coefficient

1. Left precentral gyrus 0.425 (0.002) 0.441 (0.003) F(1,165)=14.163, p<0.001, 
pFDR=0.01

similar similar

2. Right precentral gyrus 0.428 (0.002) 0.442 (0.004) F(1,165)=10.409, p=0.002, 
pFDR=0.03

similar n.s.

3. Left superior frontal gyrus 0.447 (0.002) 0.461 (0.003) F(1,165)=17.034, p<0.001, 
pFDR=0.01

similar n.s.

8. Right middle frontal gyrus 0.421 (0.002) 0.435 (0.003) F(1,164)=13.450, p<0.001, 
pFDR=0.02

similar n.s.

13. Left inferior frontal triangularis 0.422 (0.002) 0.437 (0.004) F(1,159)=10.974, p=0.001, 
pFDR=0.03

similar n.s.

14. Right inferior frontal triangularis 0.431 (0.002) 0.447 (0.003) F(1,164)=14.966, p<0.001, 
pFDR=0.01

similar similar

17. Left Rolandic operculum 0.399 (0.004) 0.421 (0.006) F(1,165)=9.131, p=0.003, 
pFDR=0.046

similar n.s.

18. Right Rolandic operculum 0.389 (0.005) 0.424 (0.007) F(1,165)=15.193, p<0.001, 
pFDR=0.01

similar similar

20. Right supplementary motor area 0.411 (0.003) 0.428 (0.004) F(1,165)=10.341, p=0.002, 
pFDR=0.03

similar n.s.

27. Left rectal gyrus 0.429 (0.003) 0.451 (0.005) F(1,162)=11.190, p=0.001, 
pFDR=0.03

similar n.s.

28. Right rectal gyrus 0.409 (0.041) 
n=62 sample

0.465 (0.062) n.s. n.s. F(1,114)=17.376, p<0.001, 
pFDR=0.01

42. Right amygdala 0.410 (0.003) 0.429 (0.005) F(1,165)=8.858, p=0.003, 
pFDR=0.049

similar n.s.

43. Left calcarine sulcus 0.393 (0.003) 0.413 (0.005) F(1,165)=10.274, p=0.002, 
pFDR=0.03

similar n.s.

44. Right calcarine sulcus 0.388 (0.003) 0.411 (0.005) F(1,165)=14.030, p<0.001, 
pFDR=0.01

similar n.s.

45. Left cuneus 0.365 (0.003) 0.383 (0.004) F(1,165)=12.355, p<0.001, 
pFDR=0.02

similar similar

51. Left middle occipital gyrus SZ only: 0.415 (0.003) 0.430 (0.004) n.s. F(1,148)=8.819, p=0.003, 
pFDR=0.046

n.s.
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Table 3: Comparison of local gray matter network measures between patients and healthy controls.

Network measure/AAL-area Mean (SD) patients 
(n=114)

Mean (SD) healthy 
controls (n=54)

Difference between groupsa Difference between groupsb Difference between groupsc

Local gray matter network measures***

Differences in path length

46. Right cuneus 1.969 (0.034) 1.991 (0.047) n.s. n.s. F(1,114)=11.940, p<0.001, 
pFDR=0.04

69. Left paracentral lobule 1.916 (0.006) 1.949 (0.008) F(1,165)=9.603, p=0.002, 
pFDR=0.04

similar similar

Differences in clustering coefficient

1. Left precentral gyrus 0.425 (0.002) 0.441 (0.003) F(1,165)=14.163, p<0.001, 
pFDR=0.01

similar similar

2. Right precentral gyrus 0.428 (0.002) 0.442 (0.004) F(1,165)=10.409, p=0.002, 
pFDR=0.03

similar n.s.

3. Left superior frontal gyrus 0.447 (0.002) 0.461 (0.003) F(1,165)=17.034, p<0.001, 
pFDR=0.01

similar n.s.

8. Right middle frontal gyrus 0.421 (0.002) 0.435 (0.003) F(1,164)=13.450, p<0.001, 
pFDR=0.02

similar n.s.

13. Left inferior frontal triangularis 0.422 (0.002) 0.437 (0.004) F(1,159)=10.974, p=0.001, 
pFDR=0.03

similar n.s.

14. Right inferior frontal triangularis 0.431 (0.002) 0.447 (0.003) F(1,164)=14.966, p<0.001, 
pFDR=0.01

similar similar

17. Left Rolandic operculum 0.399 (0.004) 0.421 (0.006) F(1,165)=9.131, p=0.003, 
pFDR=0.046

similar n.s.

18. Right Rolandic operculum 0.389 (0.005) 0.424 (0.007) F(1,165)=15.193, p<0.001, 
pFDR=0.01

similar similar

20. Right supplementary motor area 0.411 (0.003) 0.428 (0.004) F(1,165)=10.341, p=0.002, 
pFDR=0.03

similar n.s.

27. Left rectal gyrus 0.429 (0.003) 0.451 (0.005) F(1,162)=11.190, p=0.001, 
pFDR=0.03

similar n.s.

28. Right rectal gyrus 0.409 (0.041) 
n=62 sample

0.465 (0.062) n.s. n.s. F(1,114)=17.376, p<0.001, 
pFDR=0.01

42. Right amygdala 0.410 (0.003) 0.429 (0.005) F(1,165)=8.858, p=0.003, 
pFDR=0.049

similar n.s.

43. Left calcarine sulcus 0.393 (0.003) 0.413 (0.005) F(1,165)=10.274, p=0.002, 
pFDR=0.03

similar n.s.

44. Right calcarine sulcus 0.388 (0.003) 0.411 (0.005) F(1,165)=14.030, p<0.001, 
pFDR=0.01

similar n.s.

45. Left cuneus 0.365 (0.003) 0.383 (0.004) F(1,165)=12.355, p<0.001, 
pFDR=0.02

similar similar

51. Left middle occipital gyrus SZ only: 0.415 (0.003) 0.430 (0.004) n.s. F(1,148)=8.819, p=0.003, 
pFDR=0.046

n.s.
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Table 3: Continued.

Network measure/AAL-area Mean (SD) patients 
(n=114)

Mean (SD) healthy 
controls (n=54)

Difference between groupsa Difference between groupsb Difference between groupsc

52. Right middle occipital gyrus 0.419 (0.003) 0.435 (0.004) F(1,165)=12.090, p<0.001, 
pFDR=0.02

similar n.s.

57. Left postcentral gyrus 0.406 (0.002) 0.420 (0.003) F(1,165)=12.508, p<0.001, 
pFDR=0.02

similar similar

63. Left supramarginal gyrus 0.395 (0.003) 0.413 (0.004) F(1,165)=14.037, p<0.001, 
pFDR=0.01

similar similar

64. Right supramarginal gyrus 0.404 (0.003) 0.419 (0.004) F(1,165)=10.271, p=0.002, 
pFDR=0.03

similar n.s.

67. Left precuneus 0.375 (0.003) 0.389 (0.004) F(1,165)=9.601, p=0.002, 
pFDR=0.04

similar n.s.

73. Left putamen 0.432 (0.002) 0.448 (0.003) F(1,165)=15.339, p<0.001, 
pFDR=0.01

similar n.s.

80. Right Heschl’s gyrus 0.455 (0.005) 0.483 (0.007) F(1,165)=10.633, p=0.001, 
pFDR=0.03

similar n.s.

81. Left superior temporal gyrus 0.424 (0.003) 0.445 (0.005) F(1,165)=11.759, p<0.001, 
pFDR=0.02

similar n.s.

82. Right superior temporal gyrus 0.423 (0.003) 0.451 (0.005) F(1,165)=23.268, p<0.001, 
pFDR=0.002

similar similar

85. Left middle temporal gyrus 0.423 (0.002) 0.442 (0.003) F(1,165)=21.326, p<0.001, 
pFDR=0.002

similar similar

Difference in betweenness centrality

62. Right inferior parietal gyrus SZ only: 7220.709 
(166.679)

6348.066 (233.083) n.s. F(1,148)=8.528, p=0.004, 
pFDR=0.04987

n.s.

68. Right precuneus 7052.401 (98.793) 6520.560 (139.235) n.s. F(1,148)=8.736, p=0.004, 
pFDR=0.046

n.s.

69. Left paracentral lobule 7435.892 (117.747) 6769.414 (177.909) F(1,165)=9.232, p=0.003, 
pFDR=0.045

similar n.s.

Difference in normalized path length (λ)

1. Left precentral gyrus SZ only: 1.040 (0.002) 1.050 (0.003) n.s. F(1,148)=8.780, p=0.004, 
pFDR=0.046 

n.s.

13. Left inferior frontal triangularis 1.056 (0.002) 1.067 (0.002) F(1,159)=13.384, p<0.001, 
pFDR=0.02

similar n.s.

18. Right Rolandic operculum 1.070 (0.002) 1.079 (0.003) F(1,165)=9.969, p=0.002, 
pFDR=0.03

similar n.s.

42. Right amygdala SZ only: 1.084 (0.002) 1.096 (0.003) n.s. F(1,148)=9.777, p=0.002, 
pFDR=0.03

n.s.

46. Right cuneus 1.045 (0.002) 1.057 (0.003) F(1,165)=14.660, p<0.001, 
pFDR=0.01

similar similar
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Table 3: Continued.

Network measure/AAL-area Mean (SD) patients 
(n=114)

Mean (SD) healthy 
controls (n=54)

Difference between groupsa Difference between groupsb Difference between groupsc

52. Right middle occipital gyrus 0.419 (0.003) 0.435 (0.004) F(1,165)=12.090, p<0.001, 
pFDR=0.02

similar n.s.

57. Left postcentral gyrus 0.406 (0.002) 0.420 (0.003) F(1,165)=12.508, p<0.001, 
pFDR=0.02

similar similar

63. Left supramarginal gyrus 0.395 (0.003) 0.413 (0.004) F(1,165)=14.037, p<0.001, 
pFDR=0.01

similar similar

64. Right supramarginal gyrus 0.404 (0.003) 0.419 (0.004) F(1,165)=10.271, p=0.002, 
pFDR=0.03

similar n.s.

67. Left precuneus 0.375 (0.003) 0.389 (0.004) F(1,165)=9.601, p=0.002, 
pFDR=0.04

similar n.s.

73. Left putamen 0.432 (0.002) 0.448 (0.003) F(1,165)=15.339, p<0.001, 
pFDR=0.01

similar n.s.

80. Right Heschl’s gyrus 0.455 (0.005) 0.483 (0.007) F(1,165)=10.633, p=0.001, 
pFDR=0.03

similar n.s.

81. Left superior temporal gyrus 0.424 (0.003) 0.445 (0.005) F(1,165)=11.759, p<0.001, 
pFDR=0.02

similar n.s.

82. Right superior temporal gyrus 0.423 (0.003) 0.451 (0.005) F(1,165)=23.268, p<0.001, 
pFDR=0.002

similar similar

85. Left middle temporal gyrus 0.423 (0.002) 0.442 (0.003) F(1,165)=21.326, p<0.001, 
pFDR=0.002

similar similar

Difference in betweenness centrality

62. Right inferior parietal gyrus SZ only: 7220.709 
(166.679)

6348.066 (233.083) n.s. F(1,148)=8.528, p=0.004, 
pFDR=0.04987

n.s.

68. Right precuneus 7052.401 (98.793) 6520.560 (139.235) n.s. F(1,148)=8.736, p=0.004, 
pFDR=0.046

n.s.

69. Left paracentral lobule 7435.892 (117.747) 6769.414 (177.909) F(1,165)=9.232, p=0.003, 
pFDR=0.045

similar n.s.

Difference in normalized path length (λ)

1. Left precentral gyrus SZ only: 1.040 (0.002) 1.050 (0.003) n.s. F(1,148)=8.780, p=0.004, 
pFDR=0.046 

n.s.

13. Left inferior frontal triangularis 1.056 (0.002) 1.067 (0.002) F(1,159)=13.384, p<0.001, 
pFDR=0.02

similar n.s.

18. Right Rolandic operculum 1.070 (0.002) 1.079 (0.003) F(1,165)=9.969, p=0.002, 
pFDR=0.03

similar n.s.

42. Right amygdala SZ only: 1.084 (0.002) 1.096 (0.003) n.s. F(1,148)=9.777, p=0.002, 
pFDR=0.03

n.s.

46. Right cuneus 1.045 (0.002) 1.057 (0.003) F(1,165)=14.660, p<0.001, 
pFDR=0.01

similar similar
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Table 3: Continued.

Network measure/AAL-area Mean (SD) patients 
(n=114)

Mean (SD) healthy 
controls (n=54)

Difference between groupsa Difference between groupsb Difference between groupsc

67. Left precuneus SZ only: 1.054 (0.002) 1.064 (0.003) n.s. F(1,148)=9.393, p=0.003, 
pFDR=0.04

n.s.

69. Left paracentral lobule 1.034 (0.002) 1.047 (0.003) F(1,165)=11.076, p=0.001, 
pFDR=0.03

similar similar

70. Right paracentral lobule 1.033 (0.002) 1.045 (0.003) F(1,165)=10.206, p=0.002, 
pFDR=0.03

similar n.s.

81. Left superior temporal gyrus SZ only: 1.066 (0.002) 1.074 (0.002) n.s. F(1,148)=8.709, p=0.004, 
pFDR=0.046

n.s.

Difference in normalized clustering coefficient (γ)

18. Right Rolandic operculum 1.439 (0.022) 1.569 (0.033) F(1,165)=9.961, p=0.002, 
pFDR=0.03

similar n.s.

44. Right calcarine sulcus SZ only: 1.411 (0.016) 1.499 (0.022) n.s. F(1,148)=9.966, p=0.002, 
pFDR=0.03

n.s.

82. Right superior temporal gyrus 1.579 (0.014) 1.675 (0.022) F(1,165)=13.011, p<0.001, 
pFDR=0.02

similar similar

Difference in small-world coefficient (σ)

18. Right Rolandic operculum 1.344 (0.019) 1.452 (0.029) F(1,165)=9.118, p=0.003, 
pFDR=0.03

similar n.s.

44. Right calcarine sulcus SZ only: 1.323 (0.014) 1.396 (0.019) n.s. F(1,148)=9.169, p=0.003, 
pFDR=0.04

n.s.

77. Left thalamus 1.744 (0.011) 1.682 (0.017) F(1,165)=9.039, p=0.003, 
pFDR=0.046

n.s. n.s.

78. Right thalamus 1.738 (0.012) 1.670 (0.017) F(1,165)=10.045, p=0.002, 
pFDR=0.03

n.s. n.s.

82. Right superior temporal gyrus 1.477 (0.013) 1.557 (0.019) F(1,165)=11.657, p<0.001, 
pFDR=0.02

similar n.s.

Corrected for education, total and local gray matter volume. Only differences significant after FDR-
correction for 540 tests are shown.
a. n=114 patients and 54 healthy controls.
b. n=97 patients and 54 healthy controls.
c. n=62 patients and 54 healthy controls.
*Significant p<0.05.
*Significant p<0.001.
Abbreviations: SD=standard deviation; AAL=automated anatomical labeling; n.s.=not significant; 
similar=similar as in whole sample.
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Table 3: Continued.

Network measure/AAL-area Mean (SD) patients 
(n=114)

Mean (SD) healthy 
controls (n=54)

Difference between groupsa Difference between groupsb Difference between groupsc

67. Left precuneus SZ only: 1.054 (0.002) 1.064 (0.003) n.s. F(1,148)=9.393, p=0.003, 
pFDR=0.04

n.s.

69. Left paracentral lobule 1.034 (0.002) 1.047 (0.003) F(1,165)=11.076, p=0.001, 
pFDR=0.03

similar similar

70. Right paracentral lobule 1.033 (0.002) 1.045 (0.003) F(1,165)=10.206, p=0.002, 
pFDR=0.03

similar n.s.

81. Left superior temporal gyrus SZ only: 1.066 (0.002) 1.074 (0.002) n.s. F(1,148)=8.709, p=0.004, 
pFDR=0.046

n.s.

Difference in normalized clustering coefficient (γ)

18. Right Rolandic operculum 1.439 (0.022) 1.569 (0.033) F(1,165)=9.961, p=0.002, 
pFDR=0.03

similar n.s.

44. Right calcarine sulcus SZ only: 1.411 (0.016) 1.499 (0.022) n.s. F(1,148)=9.966, p=0.002, 
pFDR=0.03

n.s.

82. Right superior temporal gyrus 1.579 (0.014) 1.675 (0.022) F(1,165)=13.011, p<0.001, 
pFDR=0.02

similar similar

Difference in small-world coefficient (σ)

18. Right Rolandic operculum 1.344 (0.019) 1.452 (0.029) F(1,165)=9.118, p=0.003, 
pFDR=0.03

similar n.s.

44. Right calcarine sulcus SZ only: 1.323 (0.014) 1.396 (0.019) n.s. F(1,148)=9.169, p=0.003, 
pFDR=0.04

n.s.

77. Left thalamus 1.744 (0.011) 1.682 (0.017) F(1,165)=9.039, p=0.003, 
pFDR=0.046

n.s. n.s.

78. Right thalamus 1.738 (0.012) 1.670 (0.017) F(1,165)=10.045, p=0.002, 
pFDR=0.03

n.s. n.s.

82. Right superior temporal gyrus 1.477 (0.013) 1.557 (0.019) F(1,165)=11.657, p<0.001, 
pFDR=0.02

similar n.s.

Corrected for education, total and local gray matter volume. Only differences significant after FDR-
correction for 540 tests are shown.
a. n=114 patients and 54 healthy controls.
b. n=97 patients and 54 healthy controls.
c. n=62 patients and 54 healthy controls.
*Significant p<0.05.
*Significant p<0.001.
Abbreviations: SD=standard deviation; AAL=automated anatomical labeling; n.s.=not significant; 
similar=similar as in whole sample.
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5.4.4 Associations between GM network measures and insight
For the entire patient group (n=114), no associations were found between PANSS G12 
scores and graph metrics, nor when only including individuals with schizophrenia 
(n=97) (Table 4). 

In the subsample of 62 patients, of which additional insight measures were available, we 
found a significant positive relationship between higher PANSS G12 scores (i.e., lower 
clinical insight) and higher betweenness centrality (Table 4). Additionally, we found a 
significant positive correlation between SAI-E relabeling of symptoms and clustering 
coefficient. Significant medium-sized positive correlations were also found between 
BCIS composite index scores and normalized path length, normalized clustering 
coefficient and small-world coefficient. Higher self-certainty (i.e., contributing to lower 
cognitive insight) was negatively associated with normalized clustering coefficient and 
small-world coefficient. 

On the local level, we found that BCIS composite index scores were positively correlated 
with normalized clustering coefficient and small-world coefficients of the left inferior 
occipital gyrus (Figure 3). BCIS composite index scores and clustering coefficient of 
networks (r=0.283, p=0.029) and random networks (r=-0.354, p=0.006) were also 
correlated but not significantly after FDR-correction.
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Figure 3: Scatterplots of correlations between cognitive insight and local normalized clustering (A) 
and small-world coefficient (C) of the left inferior occipital gyrus (B). 

This figure was created with WFU PickAtlas (Maldjian et al., 2004; Maldjian J.A. et al., 2003; Tzourio-
Mazoyer et al., 2002) and MRIcroGL (Rorden and Brett, 2000).

5.4.5 Post-hoc analysis
To check for specificity for insight, we also calculated post-hoc correlations between 
graph metrics and scores on PANSS item N5 (abstract thinking) and PANSS 
subscale scores on negative symptoms. None of these correlations were significant 
(puncorrected>0.05).
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Table 4: Associations between gray matter network measures and insight.

G12a G12b G12c SAIE AIc SAIE RSc SAIE NTc SAIE subc BCIS SRc BCIS SCc BCIS cic

Whole brain gray matter network measures

Path length (L) rs=-0.123, 
p=0.194

rs=-0.120, 
p=0.243

rs=-0.173, 
p=0.182

rs=0.162, 
p=0.213

rs=-0.128, 
p=0.332

rs=0.039, 
p=0.764

rs=0.106, 
p=0.417

rs=0.175, 
p=0.176

rs=-0.234, 
p=0.069

rs=0.257, 
p=0.046

Clustering coefficient (CC) rs=-0.075, 
p=0.429

rs=-0.080, 
p=0.437

rs=-0.086, 
p=0.510

rs=0.121, 
p=0.353

rs=0.299, 
p=0.020, 
pFDR=0.030*

rs=0.039, 
p=0.765

rs=0.064, 
p=0.625

rs=0.009, 
p=0.947

rs=-0.052, 
p=0.689

rs=0.015, 
p=0.908

Betweenness centrality (BC) rs=0.117, 
p=0.218

rs=0.122, 
p=0.238

rs=0.312, 
p=0.014,
pFDR=0.030* 

rs=-0.167, 
p=0.198

rs=-0.250, 
p=0.054

rs=-0.020, 
p=0.876

rs=-0.176, 
p=0.175

rs=-0.156, 
p=0.231

rs=0.168, 
p=0.195

rs=-0.201, 
p=0.121

Normalized path length (λ) rs=-0.151, 
p=0.110

rs=-0.151, 
p=0.142

rs=-0.235, 
p=0.069

rs=0.220, 
p=0.089

rs=-0.004, 
p=0.978

rs=0.069, 
p=0.598

rs=0.150, 
p=0.249

rs=0.204, 
p=0.116

rs=-0.243, 
p=0.059

rs=0.271, 
p=0.035, 
pFDR=0.045*

Normalized clustering coefficient (γ) rs=-0.131, 
p=0.165

rs=-0.100, 
p=0.332

rs=-0.221, 
p=0.086

rs=0.181, 
p=0.163

rs=0.019, 
p=0.886

rs=0.122, 
p=0.348

rs=0.116, 
p=0.375

rs=0.220, 
p=0.089

rs=-0.311, 
p=0.015, 
pFDR=0.030*

rs=0.300, 
p=0.019, 
pFDR=0.030*

Small-world coefficient (σ) rs=-0.131, 
p=0.167

rs=-0.096, 
p=0.352

rs=-0.229, 
p=0.076

rs=0.174, 
p=0.180

rs=0.020, 
p=0.878

rs=0.156, 
p=0.230

rs=0.114, 
p=0.381

rs=0.225, 
p=0.081

rs=-0.330, 
p=0.009, 
pFDR=0.030*

rs=0.313, 
p=0.014, 
pFDR=0.030*

Local gray matter network measures**

Normalized clustering coefficient (γ)

Left inferior occipital gyrus r=0.478, 
p<0.001, 
pFDR=0.04

Small-world coefficient (σ)

Left inferior occipital gyrus r=0.505, 
p<0.001, 
pFDR=0.03

NB: Corrected for total gray matter volume. Higher insight is reflected by lower PANSS G12 scores, 
higher SAI-E scores, higher BCIS self-reflectiveness (SR) and composite index (ci) scores and lower 
BCIS self-certainty (SC) scores. 
a. n=114 patients.
b. n=97 patients, only including patients with schizophrenia.
c. n=62 patients.
*Significant after FDR-correction for 8 tests. 
**For local graph metrics, only differences significant after FDR-correction for 720 tests are shown.
Abbreviations: G12=item 12 of the General Psychopathology subscale of the Positive and Negative 
Syndrome Scale; SAIE=Schedule for Assessment of Insight – Expanded; AI=Awareness of illness; 
RS=Relabeling of symptoms; NT=Need for treatment; sub=subtotal score; BCIS=Beck Cognitive 
Insight Scale; SR=self-reflectiveness; SC=self-certainty; ci=composite index score.
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Table 4: Associations between gray matter network measures and insight.

G12a G12b G12c SAIE AIc SAIE RSc SAIE NTc SAIE subc BCIS SRc BCIS SCc BCIS cic

Whole brain gray matter network measures

Path length (L) rs=-0.123, 
p=0.194

rs=-0.120, 
p=0.243

rs=-0.173, 
p=0.182

rs=0.162, 
p=0.213

rs=-0.128, 
p=0.332

rs=0.039, 
p=0.764

rs=0.106, 
p=0.417

rs=0.175, 
p=0.176

rs=-0.234, 
p=0.069

rs=0.257, 
p=0.046

Clustering coefficient (CC) rs=-0.075, 
p=0.429

rs=-0.080, 
p=0.437

rs=-0.086, 
p=0.510

rs=0.121, 
p=0.353

rs=0.299, 
p=0.020, 
pFDR=0.030*

rs=0.039, 
p=0.765

rs=0.064, 
p=0.625

rs=0.009, 
p=0.947

rs=-0.052, 
p=0.689

rs=0.015, 
p=0.908

Betweenness centrality (BC) rs=0.117, 
p=0.218

rs=0.122, 
p=0.238

rs=0.312, 
p=0.014,
pFDR=0.030* 

rs=-0.167, 
p=0.198

rs=-0.250, 
p=0.054

rs=-0.020, 
p=0.876

rs=-0.176, 
p=0.175

rs=-0.156, 
p=0.231

rs=0.168, 
p=0.195

rs=-0.201, 
p=0.121

Normalized path length (λ) rs=-0.151, 
p=0.110

rs=-0.151, 
p=0.142

rs=-0.235, 
p=0.069

rs=0.220, 
p=0.089

rs=-0.004, 
p=0.978

rs=0.069, 
p=0.598

rs=0.150, 
p=0.249

rs=0.204, 
p=0.116

rs=-0.243, 
p=0.059

rs=0.271, 
p=0.035, 
pFDR=0.045*

Normalized clustering coefficient (γ) rs=-0.131, 
p=0.165

rs=-0.100, 
p=0.332

rs=-0.221, 
p=0.086

rs=0.181, 
p=0.163

rs=0.019, 
p=0.886

rs=0.122, 
p=0.348

rs=0.116, 
p=0.375

rs=0.220, 
p=0.089

rs=-0.311, 
p=0.015, 
pFDR=0.030*

rs=0.300, 
p=0.019, 
pFDR=0.030*

Small-world coefficient (σ) rs=-0.131, 
p=0.167

rs=-0.096, 
p=0.352

rs=-0.229, 
p=0.076

rs=0.174, 
p=0.180

rs=0.020, 
p=0.878

rs=0.156, 
p=0.230

rs=0.114, 
p=0.381

rs=0.225, 
p=0.081

rs=-0.330, 
p=0.009, 
pFDR=0.030*

rs=0.313, 
p=0.014, 
pFDR=0.030*

Local gray matter network measures**

Normalized clustering coefficient (γ)

Left inferior occipital gyrus r=0.478, 
p<0.001, 
pFDR=0.04

Small-world coefficient (σ)

Left inferior occipital gyrus r=0.505, 
p<0.001, 
pFDR=0.03

NB: Corrected for total gray matter volume. Higher insight is reflected by lower PANSS G12 scores, 
higher SAI-E scores, higher BCIS self-reflectiveness (SR) and composite index (ci) scores and lower 
BCIS self-certainty (SC) scores. 
a. n=114 patients.
b. n=97 patients, only including patients with schizophrenia.
c. n=62 patients.
*Significant after FDR-correction for 8 tests. 
**For local graph metrics, only differences significant after FDR-correction for 720 tests are shown.
Abbreviations: G12=item 12 of the General Psychopathology subscale of the Positive and Negative 
Syndrome Scale; SAIE=Schedule for Assessment of Insight – Expanded; AI=Awareness of illness; 
RS=Relabeling of symptoms; NT=Need for treatment; sub=subtotal score; BCIS=Beck Cognitive 
Insight Scale; SR=self-reflectiveness; SC=self-certainty; ci=composite index score.
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5.5 Discussion

The aims of our study were to investigate individual GM structural network properties 
in individuals with a psychotic disorder and relate these to severity of impairment 
of clinical and cognitive insight. Our main findings indicate lower global clustering 
coefficient and higher betweenness centrality in patients compared to controls, that 
varied as a function of clinical insight in a subsample of well-characterized patients. 
Specifically, lower clustering coefficient, reflective of a more random brain topology, 
was related to lower scores on one dimension of clinical insight, namely the ability 
to attribute symptoms to the illness. Lower clustering coefficient was also related to 
poorer cognitive insight. Higher betweenness centrality, indicative of an increase in 
hub characteristics, was also related to clinical insight.

Additionally, cognitive insight related to other brain metrics indicative of a more random 
brain topology, namely lower global path length and small-world coefficient, that were 
not found to differ between patients and HC. Locally, cognitive insight was associated 
with lower clustering and small-world coefficient of the left inferior occipital gyrus, 
while no local metrics related to clinical insight. These findings are in line with previous 
studies that showed a more random topology of GM networks in schizophrenia and 
individuals at risk (Bassett et al., 2008; Palaniyappan et al., 2019; Tijms et al., 2015; 
Zhang et al., 2012). Our results extend these findings by showing that these structural 
abnormalities at the system’s level are related to inter-individual differences in insight 
into psychosis and support the hypothesis of global integration deficiencies underlying 
complex symptom dimensions.

5.5.1 Patients versus HC
At the brain’s system-level, we found lower clustering coefficient in patients compared 
to HC, suggesting lower segregation and a more random topology of structural 
networks. This is not in line with two previous studies that found higher global clustering 
of GM networks based on volume (40 HC and 41 SZ) (Palaniyappan et al., 2019) and 
cortical thickness (101 SZ and 101 HC) (Zhang et al., 2012) in patients. Networks in these 
studies were created on the group-level, however, and these studies did not match 
groups on education. Additionally, we found higher global betweenness centrality in 
patients compared to HC, suggesting an increase in hub-characteristics across the 
brain which might reflect an inefficient compensatory reorganization of the brain in 
patients with a psychotic disorder. Higher betweenness centrality may make networks 
less robust against pathology, however, given that previous studies showed that a 
lower number of hub-regions makes networks more robust because connections are 
more homogenously distributed (Alexander-Bloch et al., 2010; Lynall et al., 2010). 
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Locally, our results showed lower local (normalized) clustering of many nodes in 
patients. This suggests lower segregation in specific areas, suggesting a more random 
topology of structural networks in patients. We also observed lower (normalized) local 
path length in several areas distributed across the brain in patients compared to 
healthy controls, but no difference in global path length between groups. This suggests 
increased local integration of areas across the brain in patients. We additionally found 
lower local small-world coefficients of the right Rolandic operculum and right superior 
temporal gyrus while, on the contrary, small-world coefficients of bilateral thalamus 
were higher. A previous study showed segregation of the thalamus from a subcortical 
structural module in patients with schizophrenia (Palaniyappan et al., 2019). Our finding 
of lower local clustering in patients is in line with previous studies comparing group-
level gray matter networks between patients with schizophrenia and healthy controls. 
Palaniyappan et al. (2018; 40 HC and 41 SZ) found lower local clustering coefficient in 
the right middle temporal gyrus (Palaniyappan et al., 2019), while Bassett et al. (2008; 
203 SZ and 259 HC) found lower clustering coefficient in frontal hubs of the multimodal 
network (Bassett et al., 2008). Tijms et al. (2015; 144 at high risk individuals and 36 HC) 
also found lower local clustering, predominantly in prefrontal and temporal regions, in 
individuals at high risk of schizophrenia (Tijms et al., 2015). Our finding of lower local 
path length in patients compared to healthy controls is not in line with a previous study, 
as Palaniyappan et al. (2018) found higher local path length in patients (Palaniyappan 
et al., 2019). This study examined gray matter networks based on volume, however, and 
created networks on the group-level, while not matching groups on education. Tijms 
et al. (2015) also found lower local path length in several areas in individuals at high 
risk of schizophrenia (Tijms et al., 2015), which is in line with our results. Altogether, 
results of previous studies as well as our study all suggest a more random topology 
of structural networks in patients with schizophrenia as well as in individuals at risk. 

With regard to the comparison of hub regions between patients and healthy controls, 
we found higher global betweenness centrality as well as local betweenness centrality 
of the left paracentral lobule in patients compared to healthy controls, which is usually 
not considered to be a hub region. Altogether, our results suggest that patients 
have imbalanced brain networks. This imbalance is characterized by 1) lower global 
segregation and local efficiency (i.e. lower clustering coefficient), 2) an increase in hub-
characteristics across the brain and of the left paracentral lobule specifically, and 3) 
higher local efficiency of several areas (i.e. lower path length) with 4) a change in small-
world coefficients of several areas which might reflect an inefficient compensatory 
reorganization of the brain in patients with a psychotic disorder.
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5.5.2 Clinical insight
Given our results, it is unlikely that clinical insight can be explained by local 
abnormalities. This is in line with cognitive neuroscience models emphasizing the need 
of intact metacognitive and sensory abilities (e.g. self-evaluation and reflection) for 
good insight (Flashman and Roth, 2004). We observed lower clustering coefficient 
in patients with poorer ability to relabel symptoms, suggesting lower segregation. 
This subdimension of clinical insight measures patients’ capability to attribute their 
symptoms to an illness. The other subdimensions and total score did not correlate with 
graph metrics. Compared to the other subdimensions of clinical insight, relabeling of 
symptoms appears to be of higher-order as it not only requires basic illness awareness 
but also the ability to integrate self-related information with information concerning the 
social and cultural environment while actively processing ongoing information. These 
processes might represent an interplay of more dynamic and higher-order processing 
which might be more severely affected by disturbances at the systems-level rather 
than regional abnormalities. Additionally, lower clustering coefficient suggests less 
segregated specialized processing of information, which might affect higher-order 
processes such as relabeling of symptoms more than basic processes.

We additionally found higher betweenness centrality in individuals with higher clinical 
insight (i.e., PANSS G12 scores) suggesting increased hub-characteristics across the 
brain. No significant associations were found for specific regions, rendering it unclear 
whether these global abnormalities are driven by specific regions. Hub-regions are 
thought to improve integrated processing of information. The increase in betweenness 
centrality suggests at least an attempt for increased integrated processing, while lower 
clustering coefficient in patients with lower relabeling of symptoms scores suggests 
less segregated specialized information processing. This might suggest an inefficient 
compensatory reorganization of hub regions in patients with poorer clinical insight. 

5.5.3 Cognitive insight
Previous studies could not pinpoint impaired insight to abnormalities of isolated brain 
areas as abnormalities in a distributed network of brain regions were found (Bergé 
et al., 2011; Cooke et al., 2008; Emami et al., 2016; Ha et al., 2004; McFarland et al., 
2013; Sapara et al., 2016). Our findings of lower path length, clustering coefficient and 
small-world coefficients in patients with poorer cognitive insight show further support 
of disturbances at the systems-level. Lower clustering and small-world coefficients 
suggest a global imbalance between functional integration and segregation which 
may lead to dysfunction (Rubinov and Sporns, 2010). The association with general 
cognitive insight appeared to be driven by the self-certainty subdimension, while 
no significant associations were found for the self-reflectiveness subdimension. A 
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meta-analysis showed that self-certainty was associated with memory, IQ and total 
cognition, while no significant associations were found between self-reflectiveness 
and neurocognition (Nair et al., 2014). Self-certainty might be affected more by global 
brain disturbances, while self-reflectiveness might be affected more by regional 
abnormalities, for example of the ventromedial and -lateral prefrontal cortex, that are 
implicated in processing of self-versus-other (Buchy et al., 2015; van der Meer et al., 
2013). However, we did not find significant associations between self-reflectiveness 
and local graph metrics either. 

A previous study in 15 patients with first episode psychosis also only found a significant 
positive relationship between self-certainty and cortical covariance of ventrolateral 
prefrontal seeds with frontal regions, but no relation with self-reflectiveness (Kuang 
et al., 2017). They did not examine the brain’s system level. We extend these findings 
by showing relations of total cognitive insight scores and self-certainty scores at the 
global level as well as local occipital level. That is, when examining local abnormalities, 
we found that lower local clustering coefficient and small-world coefficient of the 
left inferior occipital gyrus were related to lower cognitive insight (BCIS composite 
index scores), suggesting that this region might drive system-level abnormalities. 
Cognitive as well as clinical insight have been linked to structural and functional brain 
abnormalities of occipital regions in several studies (Buchy et al., 2016, 2012a, 2011; 
Larabi et al., 2018; Sapara et al., 2016; Tordesillas-Gutierrez et al., 2018), although 
just a few specifically to cognitive insight (i.e., self-certainty and cortical thickness of 
fusiform gyrus and lateral occipital gyrus; composite index scores and metabolism 
of the fusiform gyrus as measured with PET) (Buchy et al., 2016; Caletti et al., 2017). 
A study by Caletti et al. found a relation between cognitive insight and metabolism of 
the fusiform gyrus, an area adjacent to the inferior occipital gyrus. They suggested 
that this might be explained by the fusiform gyrus’ role in face recognition. According 
to the authors, given that previous studies have also shown a relation between 
face recognition and self-awareness, impaired face recognition might be related to 
difficulties in constructing a coherent account of self-experience (Caletti et al., 2017). 

5.5.4 Limitations
We included a relatively large sample of patients and HC, and investigated clinical as 
well as cognitive insight. This study has some limitations. First, PANSS G12 measures 
of clinical insight were available for the full sample (n=114), but SAI-E- and BCIS-
measures only for a subsample (n=62). Second, we found significant correlations 
between graph metrics and insight in the well-characterized (with respect to insight) 
subsample (n=62) but not in the full sample (n=114) although the directions of effects 
were similar (Table 2). Individuals in this subsample were from two studies specifically 
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aimed at the investigation of insight and therefore their average insight was poorer and 
scores were not skewed towards absence of impairment of insight. Thus, this sample 
might have been more optimal to detect relations of insight. Third, the exact biological 
meaning of GM structural networks remains uncertain, although they appear to reflect 
synchronized developmental change (Alexander-Bloch et al., 2013). Future studies of 
multimodal, longitudinal design could benefit from taking a multiscale neuroscience 
approach in which data at different scales (i.e., genetic, molecular, cellular and 
macroscale structural and functional connectivity) is integrated to better relate brain 
structure, function and behavior (van den Heuvel et al., 2019). This would additionally 
provide more information on how GM similarity networks relate to functional and white 
matter connectivity over time and how that relates to cognitive models of insight. Last, 
the AAL-parcellation was used for the investigation of local graph metrics. A more 
fine-grained parcellation could provide more information. We chose to replicate the 
methods of previous studies, however, so that results could be compared to previous 
results.

5.5.5 Conclusions
In this study, we show that individuals with a psychotic disorder show lower segregation 
and a more random topology of brain networks compared to HC, which varied as a 
function of insight. Systems-level abnormalities in psychotic disorder can thus shed 
light on the neural basis of specific symptoms, such as impaired insight. Gaining 
more knowledge on probable dysconnectivity underlying impaired insight might help 
in finding better treatment options and potential biomarkers. 







CHAPTER 6
Temporal dynamics of resting 
state functional connectivity, 
structural connectomes and 
self-reflectiveness

Under review for publication in NeuroImage as: Larabi, D.I., Renken, 
R.J., Cabral, J., Marsman, J.B., Aleman, A., & Ćurčić-Blake, B. Trait self-
reflectiveness relates to time-varying dynamics of resting state functional 
connectivity and underlying structural connectomes: role of the Default 
Mode Network.
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6.1 Abstract

Background. Cognitive insight is defined as the ability to reflect upon oneself (i.e. self-
reflectiveness), and to not be overly confident of one’s own (incorrect) beliefs (i.e. self-
certainty). These abilities are impaired in several disorders, while they are essential 
for the evaluation and regulation of one’s behavior. We hypothesized that cognitive 
insight is a dynamic process, and therefore examined how it relates to temporal 
dynamics of resting state functional connectivity (FC) and underlying structural network 
characteristics in 58 healthy individuals. 

Methods. Cognitive insight was measured with the Beck Cognitive Insight Scale. FC 
characteristics were calculated after obtaining four FC states with leading eigenvector 
dynamics analysis. Gray matter and DTI connectomes were based on GM similarity 
and probabilistic tractography. Structural graph characteristics, such as path length, 
clustering coefficient, and small-world coefficients, were calculated with the Brain 
Connectivity Toolbox. FC and structural graph characteristics were correlated with 
cognitive insight.

Results. Individuals with lower cognitive insight switched more between states and 
spent less time in a globally synchronized state. Additionally, individuals with lower 
self-reflectiveness spent more time in, had a higher probability of occurrence of, and 
a higher chance of switching to a state entailing Default Mode Network (DMN) areas. 
With lower self-reflectiveness, DTI-connectomes were segregated less (i.e. lower 
clustering coefficient), and there was a higher connectedness of the left angular gyrus 
(i.e. lower path length).

Conclusions. Our results suggest less stable functional and structural networks in 
individuals with poorer cognitive insight, specifically self-reflectiveness. An overly 
present DMN appears to play a key role in poorer self-reflectiveness. 

Keywords: phase synchronization, dynamic functional connectivity, functional networks, 
white matter connectome, gray matter connectome, graph analysis.
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6.2 Introduction

The abilities to reflect upon oneself, to not be overly confident of one’s own beliefs 
and to be open to corrective feedback from others are essential for the evaluation 
and regulation of one’s own behavior, emotions and thoughts. An impairment in these 
abilities has been suggested to play a role in the impaired ability to recognize one’s own 
symptoms in psychiatric disorders. This has been referred to as “impaired insight into 
illness”, a phenomenon that is seen in several neurological and psychiatric illnesses 
such as schizophrenia, dementias, substance-related disorders, and obsessive-
compulsive disorder (Dam, 2006; Goldstein et al., 2009; Mangone et al., 1991; 
Matsunaga et al., 2002). Patients with impaired insight are often able to recognize 
symptoms in others but not in themselves, leading to treatment non-adherence and 
poorer prognosis (Lincoln et al., 2007; Startup, 1997). The abilities to reflect upon 
oneself (i.e. self-reflectiveness) and to not be overly confident of one’s own beliefs (i.e. 
self-certainty) are collectively termed cognitive insight (Beck et al., 2004). Learning 
more about the neural substrate of cognitive insight in healthy individuals may help 
gain a better understanding of impairments and mechanisms underpinning impaired 
insight and self-reflectiveness in psychiatric and neurological disorders. This could 
be of value for treatment, as these aberrant cognitive thinking styles can be used as 
intervention targets.

Thus far, only one functional magnetic resonance imaging (fMRI) study investigated 
the relationship between cognitive insight and brain activation in healthy individuals. 
The authors found significant positive associations between self-reflectiveness and 
brain activation in the right ventrolateral prefrontal cortex (VLPFC), and between self-
certainty and activation in the midbrain during an external source memory task (Buchy 
et al., 2014). Several studies have been conducted in patients with schizophrenia; 
significant correlations were found between self-reflectiveness or cognitive insight 
and activation of regions distributed across the brain (Buchy et al., 2015; Lee et al., 
2015; van der Meer et al., 2013). No significant associations were found between brain 
activation and self-certainty (Buchy et al., 2015; Lee et al., 2015; van der Meer et al., 
2013). Thus, results of previous studies suggest spatially diffuse abnormalities at the 
global level (i.e. across the whole brain) in individuals with poorer self-reflectiveness 
or cognitive insight, which supports the idea that cognitive insight might require 
higher-order cognitive functioning which cannot be pinpointed to isolated brain areas. 
Therefore, methods taking the complex network of the brain into account should 
provide a more meaningful explanation of impaired cognitive insight than a regional 
approach. 
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Evidence from fMRI-recordings indicate that BOLD activity of brain areas temporarily 
synchronizes during the exchange of information (Beckmann et al., 2005; Damoiseaux 
et al., 2006; De Luca et al., 2006). Moreover, fMRI studies revealed activation of distinct 
functional networks during resting state when an individual is not engaged in any task. 
The relationship between (dynamic) functional networks and cognitive insight has not 
been studied in healthy individuals thus far. In schizophrenia spectrum disorders, a 
previous study showed that reduced resting state functional connectivity (FC) in the 
left inferior frontal cortex in the right dorsal attention network was associated with 
self-certainty (Gerretsen et al., 2014). This study examined static FC which reflects 
mean connectivity over the scan session. However, during resting state, the brain 
spontaneously transitions between different states, which may reflect distinct mental 
processes. These different states are characterized by different configurations of FC 
(i.e. functional networks) that the brain spontaneously transitions between. Dynamic 
FC analyses reveal how functional networks spontaneously fluctuate over time to get 
more insight into how separate mental states during resting state relate to cognitive 
insight. Therefore, in this study, we examined the relationship between cognitive insight 
and the occurrence, duration and switching profile of different FC states. A previous 
study using the same methodology to define FC states, found that individuals with 
lower cognitive performance switched more between states, spent less time in a state 
characterized by global synchronization, and more time in states involving Default 
Mode Network (DMN) areas (Cabral et al., 2017). Therefore, we hypothesized that 
individuals with poorer cognitive insight may similarly switch more between states, 
spend less time in clearly defined states with strong large-scale connectivity and 
spend more time in the DMN-state.

Moreover, even though studies have shown a dependence of FC on anatomical structure 
(Sporns et al., 2004), structural and functional abnormalities are often contradictory 
(for example in schizophrenia: (Fornito and Bullmore, 2015)). We therefore additionally 
relate cognitive insight to characterizations of structural networks. DTI connectomes 
represent anatomical connectivity based on probabilistic tractography on diffusion 
weighted imaging (DWI). Gray matter (GM) connectomes are based on similarity in GM-
structure, which might result from mutual genetic influences (Schmitt et al., 2009), 
axonal tension (Essen, 1997; Gong et al., 2012; Hilgetag and Barbas, 2005), synchronized 
developmental change (Alexander-Bloch et al., 2013), or functional coactivation of 
brain areas (Alexander-Bloch et al., 2013; Evans, 2013; Seeley et al., 2009). Altogether, 
by investigating the relation between cognitive insight and brain variability measured 
with different MRI-modalities, we aim to get a more comprehensive view of the neural 
correlates of cognitive insight.
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6.3 Materials and Methods

6.3.1 Participants
We acquired resting state functional magnetic resonance imaging (rs-fMRI), diffusion 
weighted imaging (DWI) and structural MRI (sMRI) data of 59 healthy individuals. 
Participants were recruited in the local community through advertisements and word 
of mouth. Participants were selected from a larger sample of 200 participants based 
on the distribution of their scores on the self-reflectiveness subscale of the Beck 
Cognitive Insight Scale (BCIS) (Beck et al., 2004). We created three groups (i.e. with 
25% lowest, 50% average and 25% highest self-reflectiveness scores) and randomly 
selected 20 individuals from each group. Groups were matched on sex, age, and 
education. Inclusion criteria were: right-handedness (i.e., score>60 on Edinburgh 
Handedness Inventory) (Oldfield, 1971), age between 18 and 65, normal or corrected 
to normal vision, MRI-compatibility, capability of giving informed consent and fluency in 
written and spoken Dutch language. Exclusion criteria were epilepsy or family history of 
epilepsy, use of medication that can influence task performance, recreational drug use, 
presence or history of neurological, psychiatric or substance dependence disorder, 
smoking, and a score ≥ 41 on the Schizotypal Personality Questionnaire (Raine, 1991). 
This study was in accordance with the latest version of the Declaration of Helsinki and 
was approved by the medical ethical board of the University Medical Center Groningen. 
All participants gave written informed consent prior to participation. One participant 
was excluded during analyses (see Results section for details), leaving 58 participants 
for further analyses.

6.3.2 Self-reflectiveness, self-certainty and cognitive insight
Self-reflectiveness, self-certainty and their combination (i.e. composite index score of 
cognitive insight; see distribution of scores in Figure S1) were measured with the Beck 
Cognitive Insight Scale (BCIS) (Beck et al., 2004). The BCIS is a 15-item self-report 
questionnaire consisting of two subscales measuring individuals’ ability to reflect upon 
themselves (i.e. self-reflection; Figure S2) and their overconfidence in their own beliefs 
(i.e. self-certainty; Figure S3). Answers are given on a 4-point Likert-scale. A composite 
index score of cognitive insight is computed by subtracting self-certainty scores from 
self-reflection scores. Better cognitive insight is reflected by higher composite index 
and self-reflection scores and lower self-certainty scores (Beck et al., 2004). Two 
subscale scores and the composite index score were used for (f)MRI-analyses.

Results of previous studies suggest that individuals can reliably rate their experiences 
(Riggs et al., 2012), given that not only the initial validation study but also several other 
studies from other groups have shown reliability and validity of the BCIS. The BCIS 
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can distinguish patients with psychosis from patients without psychosis and healthy 
individuals (Riggs et al., 2012), and several studies showed increased self-certainty (i.e. 
poorer cognitive insight) in individuals with at-risk mental state (Uchida et al., 2014) or 
at clinical high risk for psychosis (Kimhy et al., 2014).

6.3.3 Functional connectivity analyses
6.3.3.1 Image acquisition
Seven minutes and 47 seconds (215 timepoints) of resting state BOLD functional 
scans were acquired using a Siemens MAGNETOM Prisma 3T MRI scanner (Siemens, 
Erlangen, Germany) with a multi-echo-EPI sequence [TR=2170 ms; TE=9.74, 22.1, and 
34.46 ms; FA=60°; FOV=224×224 mm; matrix size=75×75 mm; 39 axial slices; voxel 
size=3×3×3 mm; slice order=sequential descending] (Feinberg et al., 2010; Moeller et 
al., 2010; Xu et al., 2013). Functional scans were acquired with an in-plane acceleration 
factor (GRAPPA) of 4. Participants were shown a fixation cross, and they were 
instructed to relax, stay focused on the fixation cross and not fall asleep. 

6.3.3.2 Preprocessing resting state fMRI-data
Since our fMRI-data was acquired at three echo times, data was denoised using 
meica.py in AFNI (version 2.5 beta9) (Cox, 1996; Kundu et al., 2013, 2012). In 
short, the following steps were taken: (1) slice time correction, (2) realignment, (3) 
concatenating all data across echo times and space, (4) identification of components 
using decomposition of multi-echo data with independent component analysis (ICA), 
(5) differentiation of BOLD-components from non-BOLD components, (6) removal of 
non-BOLD components from time series by using them as noise regressors in time 
course de-noising, and (7) combination of the three denoised echo time series into 
one denoised single time series using a T2* weighting scheme (Kundu et al., 2012; 
Posse et al., 1999).

Consequently, denoised timeseries were additionally preprocessed in SPM12 (www.fil.
ion.ucl.ac.uk/spm) in Matlab R2015a (Mathworks inc, Natick, MA). Steps included: (1) 
construction of temporal mean time series, (2) coregistration of functional images and 
anatomical image, and (3) normalization of all images to MNI space and reslicing of 
voxels to 2×2×2 mm3 voxels. Last, data was filtered in Matlab with band-pass temporal 
filtering (0.04–0.07 Hz) using a 7th-order Butterworth filter (Glerean et al., 2012). We 
then extracted time series for 90 cortical and subcortical areas of the Automated 
Anatomical Labeling (AAL) atlas (Tzourio-Mazoyer et al., 2002) by averaging the non-
zero signal of all voxels within that area. The AAL-atlas was chosen so that results could 
be compared with previous studies using the same methodology (Cabral et al., 2017; 
Figueroa et al., 2019; Lord et al., 2019).
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6.3.3.3 Time-varying dynamics of resting state functional connectivity
In order to examine dynamic FC, we used a data-driven method called Leading 
Eigenvector Dynamics Analysis (LEiDA). The method is described in Cabral et 
al. (2017) (Cabral et al., 2017), and the code is available on Github (github.com/
juanitacabral/LEiDA). 

We first estimated the phase of the fMRI time series for each of the 90 brain regions 
using the Hilbert transform. 14 volumes (i.e. 2*7 because of 7th-order Butterworth filter) 
at the beginning and ending of scanning were discarded to avoid edge effects that are 
inherent to the Hilbert transform, leaving 187 time points (i.e. 6 minutes and 46s) for 
further analyses. Next, we calculated phase coherence as the cosine of the difference 
in phases of two regions at each time point. This resulted in a symmetric BOLD phase 
coherence matrix of size 90×90×187 for each individual (i.e. 90 brain areas and 187 
timepoints). In order to reduce the dimensionality of the functional connectivity patterns 
per time point, we took the 1x90 leading eigenvector of each BOLD phase coherence 
matrix, resulting in 10846 leading eigenvectors (i.e. 58 individuals×187 time points). A 
matrix of size 90x10846 was created by concatenating all eigenvectors from all subjects 
and time points. K-means clustering (with 2-20 clusters, each repeated 20 times) was 
applied on all 10846 leading eigenvectors to get functional states across individuals and 
time points. The number of clusters with the highest Dunn index was selected (Dunn, 
1973). A higher Dunn index indicates better clustering reflected by compact clusters 
(i.e., small variance within cluster) which are separated well from other near clusters. 
This resulted in a 58x187 matrix (i.e. subject x time point), with information on which 
state each time point belonged to. We compared the states to the seven resting-state 
networks as described by Yeo et al. (Yeo et al., 2011). The seven resting-state networks 
were transformed into vectors with 90 elements (i.e. 90 AAL-areas) representing 
how much that AAL-area contributes to the resting state network (Lord et al., 2019). 
Correlations were then calculated between the seven networks and states 2-4. Only 
positive elements were kept of the state-vectors as they represent the areas that formed 
a network desynchronized from the rest of the brain (Lord et al., 2019).

After obtaining FC states, we calculated the switching frequency (i.e. number of 
transitions between states per second), probabilities of occurrence (i.e. fraction of 
time points in one state during entire scan session), lifetime (i.e. mean number of 
consecutive time points in the same state) and switching profile (i.e. probabilities of 
switching from a certain state to another) between states (i.e. clusters) per individual 
(Cabral et al., 2017; Figueroa et al., 2019; Lord et al., 2019; Stark et al., 2019). We then 
computed associations of these values with our insight measures (see Statistical 
Analyses). 
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6.3.4 Structural DTI connectome analyses
6.3.4.1 Image acquisition 
Diffusion-weighted images were acquired using a Siemens MAGNETOM Prisma 3T 
MRI scanner (Siemens, Erlangen, Germany) with a 64-channel head coil. 60 slices 
were acquired with the following parameters: TR=8500 ms; TE=90 ms; FOV=256×256 
mm; matrix size=128x128 mm; image resolution 2x2x2 mm3 without gap; GRAPPA=2, 
SMS=2. In total, 74 volumes were acquired per subject, ten without diffusion weighting 
(b=0 s/mm2) and 64 with diffusion weighting (b=1000 s/mm2) along 64 isotropically 
distributed directions.

6.3.4.2 Structural DTI connectome analyses
The following steps were conducted in FSL version 5.0 (Woolrich et al., 2009) with 
default parameters: (1) correction for eddy-current induced distortion and motion with 
the eddy tool (Andersson and Sotiropoulos, 2016), (2) skull stripping of the T1-weighted 
image with the brain extraction tool (BET) (Smith, 2002), (3) fitting the probabilistic 
diffusion model with BEDPOSTX in the FDT toolbox (Behrens et al., 2007, 2003), (4) 
(a) coregistration of the T1-image into diffusion space (input=T1, reference=diffusion 
image), (b) warping of MNI-template to diffusion space (input=MNI152_T1_11mm_
brain; reference=T1-image in diffusion space) and (c) warping the AAL-mask to 
diffusion space with FLIRT (input=AAL-mask; using normalization matrix from FLIRT 
transformation of MNI-template to diffusion space) (Jenkinson et al., 2002; Jenkinson 
and Smith, 2001), (5) parcellation into 90 non-cerebellar brain areas with the AAL-
atlas, (6) creation of a 90×90 network matrix using PROBTRACKX2 (number of 
samples=5000; options omatrix1 and network) (Behrens et al., 2007, 2003), and (7) 
fractional scaling and symmetrizing of the matrix following Donahue et al. (Donahue et 
al., 2016). Ultimately, these steps resulted in a 90×90 symmetrically weighted network 
of streamline probabilities per individual. 

Matrices were normalized (i.e., maximum value was scaled to 1; function weight_
conversion) using the Brain Connectivity Toolbox. We calculated path length (function 
distance_wei_floyd with log transform) and clustering coefficient (function clustering_
coef_wu_sign with Zhang & Horvath formula). In addition, 20 randomized reference 
networks with preserved weight, degree and strength distributions were created per 
individual (function null_model_und_sign), and their higher-order graph metrics were 
calculated. Last, normalized path length, normalized clustering coefficient and small-
world coefficients were calculated.
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6.3.5 Structural gray matter connectome analyses
6.3.5.1 Image acquisition
Structural scans were acquired in the sagittal plane using a Siemens MAGNETOM 
Prisma 3T MRI scanner (Siemens, Erlangen, Germany). A Magnetization Prepared 
Rapid Gradient Echo (MPRAGE) sequence was used with the following parameters: 
voxel size=1×1×1.2 mm; FOV=176×240×256 mm; TR=2300 ms, TE=2.98 ms; TI=900 ms; 
FA=9°. 

6.3.5.2 Structural gray matter connectome analyses
The method for construction of gray matter networks is described in Tijms et al. (2012) 
(Tijms et al., 2012) and the code is available on Github (https://github.com/bettytijms/
Single_Subject_Grey_Matter_Networks). In short, gray matter segmentations were 
parcellated into cubes, each consisting of 27 voxels (3×3×3 voxels). Values within these 
cubes were correlated with each other to create a N×N similarity matrix. The maximum 
correlation between two cubes was computed by calculating correlations between 
cubes while rotating the seed cube with multiples of 45°. Each network was binarized 
by applying a subject-specific threshold of p<0.05, as determined by permutation 
testing. 

An AAL-atlas was warped to subject space per individual with (1) inverse deformation 
parameters obtained during segmentation, and (2) coregistration parameters 
obtained during creation of gray matter networks. Global graph metrics were 
calculated per individual using the Brain Connectivity Toolbox while only including 
nodes (i.e., cubes) of which at least one voxel fell within the AAL-mask. We calculated 
basic metrics such as degree (i.e. number of edges; function degrees_und) and 
density (i.e. number of existing edges relative to number of all possible edges; 
function density_und), and higher-order metrics such as path length (L; i.e. the 
minimum number of edges between any two nodes; functions distance_bin and 
charpath) and clustering coefficient (CC; fraction of node’s neighbors that are 
each other’s neighbors; function clustering_coef_bu). In addition, 20 randomized 
reference networks with identical size, degree and degree distribution were created 
per individual (function randmio_und) and their higher-order graph metrics were 
calculated using the Brain Connectivity Toolbox. Subsequently, we calculated 
normalized path length (λ) and normalized clustering coefficient (γ) by dividing L 
and CC of each network, respectively, by those averaged from 20 random networks. 
Last, we computed small-world coefficients (σ) by dividing γ with λ. 
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6.3.6 Covariates
All behavioral data was analyzed in R version 3.5.2 (R Core team, 2018). Matching of 
groups on age, sex, and education was checked with Spearman correlations between 
these variables and cognitive insight (i.e., self-reflectiveness, self-certainty or composite 
index scores). We additionally calculated the correlation between experience with 
mindfulness or meditation and cognitive insight. With regard to structural connectome 
analyses, earlier studies showed that basic graph metrics influence higher-order graph 
metrics (van Wijk et al., 2010). Therefore, we checked (Spearman) correlations between 
cognitive insight (i.e., self-reflectiveness, self-certainty or composite index scores) and 
size, degree and density of gray matter connectomes. We did not correlate cognitive 
insight with the size, degree and density of DTI connectomes, because these values 
were identical across subjects (i.e., size=90, degree=89, density=100%). 

6.3.7 Statistical analyses
The relationship between cognitive insight and time-varying dynamics of resting state 
fMRI was examined with Spearman correlations between self-reflectiveness, self-
certainty or general cognitive insight on one hand, and state metrics (i.e. switching 
frequency, lifetime of states, occurrence of being in certain states and probabilities 
of switching from a certain state to another) on the other hand. 

The relationship between cognitive insight and structural connectome organization 
was assessed using (partial) Spearman correlations between self-reflectiveness, 
self-certainty or cognitive insight and higher-order graph metrics (i.e. path length, 
clustering coefficient and small-world coefficients) for both the gray matter as well 
as the DTI connectomes. In case of gray matter connectomes, we corrected for total 
gray matter volume. 

In line with previous studies applying the same methodology, findings were considered 
significant at a threshold of p<0.05, two-tailed. As this is the first multimodal 
investigation of cognitive insight and we wanted to enhance the probability of 
hypothesis-generating findings at this early stage of investigation, we additionally 
report trend-level significant results (p-value between 0.05 and 0.1) in Tables 2-3 and 
Figure 2 (but not in the main text of the Results section).
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6.4 Results

6.4.1 Participants
Our study included 59 participants. One participant was excluded because of no 
convergence of the ME-ICA algorithm on their fMRI-data. All characteristics of the 
remaining 58 participants can be seen in Table 1.

Table 1: Participant characteristics (n=58).

Mean (SD) 

Sex (number of males/females) 14/44

Age (years) 25 (10.33)

Education levela 6.01 (0.40)

Mindfulness/meditation experience (number yes/no) 13/45

Insight Orientation Scale (IOS) 25 (3.38)

Beck Cognitive Insight Scale (BCIS)
Self-reflectiveness
Self-certainty
Composite index

10.66 (3.32)
6.52 (2.38)
4.14 (4.63)

Kentucky Inventory of Mindfulness Skills (KIMS)b

Observing
Describing
Acting with awareness
Accepting without judgement
Total

38.16 (7.28)
28.98 (4.71)
31.29 (4.20)
35.52 (5.52)
133.95 (11.16)

Ten Item Personality Inventory (TIPI)
Openness to experience 
Conscientiousness 
Extraversion 
Agreeableness 
Emotional stability

10.64 (2.40)
10.09 (2.14)
9.52 (2.77)
11.24 (1.56)
10.60 (2.17)

QIDS-SR depressive symptoms 2.90 (1.83)

Intelligence quotientb 97.22 (9.70)

Processing speedc 67.71 (11.26)

Gray matter connectomes

Gray matter volume 560.17 (52.01)

Network size 5578.09 (475.73)

Network degree 1019.97 (106.75)

Network density 0.18 (0.009)
a. Based on Verhage (1964).
b. Measured with the Dutch Adult Reading Test (1995).
c. Measured with the digit symbol substitution test.
Abbreviations: QIDS-SR=Quick Inventory of Depressive Symptomatology–Self-report.
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6.4.2 Covariates
No significant correlations were found between cognitive insight (i.e., self-reflectiveness, 
self-certainty or composite index score) and either age, sex, education or experience 
with mindfulness or meditation, nor size or degree of gray matter connectomes. A 
significant correlation was found between BCIS composite index scores and density 
of gray matter connectomes (rs=0.29, p=0.027). Therefore, density was included as a 
covariate in further analyses including the BCIS composite index score.

6.4.3 Time-varying dynamics of resting state functional connectivity
K-means clustering revealed an optimal solution with four clusters, in which each cluster 
represents a recurrent state of FC (Figure S4). Each state is represented by a 90x4x187 
matrix (i.e. ROI x state x time) reflecting the contribution of each brain area to each 
state at each time point. Additionally, we had a 58x187 matrix (i.e. subject x time point) 
with information on which state each time point belonged to. State 1 (occurring about 
52% of the time) reflects a state of global BOLD coherence in line with previous studies 
(Cabral et al., 2017; Lord et al., 2019). During the other states, BOLD phases of a limited 
set of regions desynchronize with BOLD phases of the rest of the brain (while retaining 
synchrony amongst themselves) thereby forming a network. State 2, occurring 19% of the 
time, represents a network consisting of areas such as the Rolandic operculum, insula, 
supramarginal gyrus, putamen, right pallidum, left thalamus, Heschl gyrus, left superior 
temporal gyrus and left amygdala. This network correlated with the Ventral Attention 
Network of Yeo et al. (r=0.5, p<0.001) (Yeo et al., 2011). State 3 represents a network 
consisting of areas such as the medial superior frontal gyrus, medial orbitofrontal gyrus, 
gyrus rectus, left olfactory gyrus, left inferior orbitofrontal gyrus, anterior cingulate 
cortex, posterior cingulate cortex, angular gyrus, middle temporal pole, left middle 
temporal gyrus. This network, occurring 17% of the time, correlated with the Default Mode 
Network of Yeo et al. (r=0.37, p<0.001) (Yeo et al., 2011). State 4 represents a network 
consisting of areas such as calcarine, cuneus, lingual gyrus, superior occipital gyrus, 
middle occipital gyrus, inferior occipital gyrus, fusiform gyrus and right superior parietal 
gyrus (probability of occurrence: 12%). This network correlated with the Visual Network of 
Yeo et al. (r=0.92, p<0.001) (Yeo et al., 2011) (See Figure S5 in Supplementary Materials). 
For ease of reading, states will be addressed with the name of the known networks (Yeo 
et al., 2011) that they correlate significantly with. 

6.4.4 Statistical analyses
6.4.4.1 Cognitive insight and time-varying dynamics of resting state fMRI
We found that individuals with lower total cognitive insight (composite index score) switch 
more frequently between states (rs=-0.28, p=0.04) and have a lower lifetime of the global 
synchronization state (rs=0.26, p=0.045). Similarly, for the self-reflectiveness dimension, 
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individuals with lower self-reflectiveness also switched more between states (rs=-0.32, 
p=0.01). Additionally, they have a higher lifetime (rs=-0.27, p=0.04) and a higher probability 
of occurrence of the DMN-state (rs=-0.40, p=0.002), and a higher chance of switching from 
the Ventral Attention Network state to the DMN-state (rs=-0.32, p=0.01). Individuals with 
higher self-certainty showed a higher chance of switching from the global synchronization 
state to the Visual Network state (rs=0.27, p=0.04) (Table 2; Figure 1).

Figure 1: Dynamic functional connectivity states.
Four states representing (A) different networks and their (B) lifetime, (C) probability of occurrence 
and (D) switching profile. 
NB: significant correlations with self-reflectiveness (*), self-certainty (**) or composite index score (***).
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Table 2: Spearman correlations between cognitive insight and time-varying dynamics.

Mean (SD) BCIS SR BCIS SC BCIS CI

Switching 
frequency

0.04 (0.01) rs=-0.32, p=0.01* rs=0.12, p=0.38 rs=-0.28, p=0.04*

Lifetime

State 1 42.07 (20.10) rs=0.24, p=0.07 rs=-0.18, p=0.18 rs=0.26, p=0.045*

State 2 15.57 (8.68) rs=0.15, p=0.25 rs=0.03, p=0.80 rs=0.10, p=0.45

State 3 14.08 (7.11) rs=-0.27, p=0.04* rs=-0.16, p=0.23 rs=-0.09, p=0.48

State 4 13.37 (11.45) rs=-0.05, p=0.74 rs=0.02, p=0.91 rs=-0.02, p=0.88

Probability of occurrence

State 1 0.52 (0.21) rs=0.16, p=0.22 rs=-0.11, p=0.42 rs=0.16, p=0.23

State 2 0.19 (0.14) rs=-0.01, p=0.93 rs=0.10, p=0.45 rs=-0.06, p=0.65

State 3 0.17 (0.10) rs=-0.40, p=0.002* rs=-0.07, p=0.62 rs=-0.23, p=0.08

State 4 0.12 (0.08) rs=-0.13, p=0.33 rs=0.08, p=0.57 rs=-0.11, p=0.43

Switching probabilities

State 1-1
State 1-2
State 1-3
State 1-4
State 2-1
State 2-2
State 2-3
State 2-4
State 3-1
State 3-2
State 3-3
State 3-4
State 4-1
State 4-2
State 4-3
State 4-4

0.94 (0.03)
0.02 (0.02)
0.02 (0.01)
0.01 (0.02)
0.11 (0.16)
0.82 (0.15)
0.04 (0.05)
0.04 (0.05)
0.08 (0.07)
0.04 (0.05)
0.79 (0.17)
0.09 (0.16)
0.07 (0.07)
0.05 (0.07)
0.13 (0.17)
0.75 (0.19)

rs=0.19, p=0.15
rs=-0.04, p=0.77
rs=-0.17, p=0.21
rs=-0.15, p=0.27
rs=0.05, p=0.70
rs=0.09, p=0.50
rs=-0.32, p=0.01*
rs=-0.05, p=0.74
rs=0.10, p=0.44
rs=-0.15, p=0.28
rs=-0.21, p=0.12
rs=0.07, p=0.61
rs=0.09, p=0.51
rs=-0.06, p=0.68
rs=-0.04, p=0.75
rs=-0.02, p=0.86

rs=-0.22, p=0.11
rs=0.03, p=0.82
rs=0.07, p=0.63
rs=0.27, p=0.04*
rs=-0.13, p=0.35
rs=0.12, p=0.38
rs=0.06, p=0.65
rs=-0.06, p=0.65
rs=0.04, p=0.73
rs=-0.003, p=0.98
rs=-0.14, p=0.31
rs=-0.01, p=0.94
rs=-0.02, p=0.89
rs=0.09, p=0.53
rs=-0.03, p=0.85
rs=0.04, p=0.80

rs=0.24, p=0.06
rs=-0.05, p=0.74
rs=-0.16, p=0.24
rs=-0.23, p=0.08
rs=0.08, p=0.55
rs=0.01, p=0.93
rs=-0.24, p=0.07
rs=0.01, p=0.95
rs=0.05, p=0.72
rs=-0.10, p=0.44
rs=-0.06, p=0.67
rs=0.05, p=0.71
rs=0.07, p=0.59
rs=-0.07, p=0.63
rs=-0.03, p=0.81
rs=-0.02, p=0.87

*Significant at p<0.05.
Abbreviations: BCIS=Beck Cognitive Insight Scale; SR=self-reflectiveness subscale; SC=self-
certainty subscale; CI=composite index score.
State 1= global synchronization state; 2=Ventral Attention Network; 3=Default Mode Network; 4=Visual 
Network.

6.4.4.2 Cognitive insight and structural connectomes
We found a significant correlation between lower self-reflectiveness and lower 
normalized clustering coefficient of the DTI-connectomes (rs=0.27, p=0.04). No 
significant associations were observed between cognitive insight and global graph 
metrics of gray matter connectomes (Table 3). 
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Table 3: Spearman correlations between cognitive insight and global and local (i.e. regions of State 
3) graph metrics of structural connectomes.

Mean (SD) BCIS SR BCIS SC BCIS CI

Global 

Gray matter connectomesa

Path length 1.96 (0.02) rs=-0.24, 
p=0.068

rs=0.08, 
p=0.53

rs=-0.24, 
p=0.077b

Clustering coefficient 0.48 (0.02) rs=0.19, 
p=0.15

rs=-0.18, 
p=0.19

rs=0.26, 
p=0.056b

Normalized path length 1.08 (0.01) rs=-0.17, 
p=0.20

rs=0.02, 
p=0.89

rs=-0.14, 
p=0.30

Normalized clustering coefficient 1.63 (0.06) rs=-0.09, 
p=0.52

rs=-0.06, 
p=0.69

rs=-0.06, 
p=0.66

Small-world coefficient 1.51 (0.02) rs=-0.09, 
p=0.49

rs=-0.07, 
p=0.62

rs=-0.03, 
p=0.81

DTI connectomes

Path length 3.55 (0.27) r=0.12, 
p=0.3665

rs=0.06, 
p=0.63

rs=0.06, 
p=0.63

Clustering coefficient 0.14 (0.008) rs=-0.04, 
p=0.80

rs=-0.14, 
p=0.31

rs=0.03, 
p=0.81

Normalized path length 1.39 (0.02) rs=0.19, 
p=0.15

rs=-0.05, 
p=0.72

rs=0.18, 
p=0.19

Normalized clustering coefficient 4.97 (0.25) rs=0.27, 
p=0.04*

rs=-0.04, 
p=0.76

rs=0.21, 
p=0.12

Small-world coefficient 3.57 (0.18) rs=0.23, 
p=0.077

rs=-0.04, 
p=0.77

rs=0.17, 
p=0.2

Localc

Gray matter connectomesd

Path length

88. Right middle temporal pole rs=-0.33, 
p=0.01, 
pFDR=0.20

Normalized path length

88. Right middle temporal pole rs=-0.38, 
p=0.004, 
pFDR=0.069

DTI connectomes

Normalized path length

23. Left superior medial frontal gyrus rs=0.27, 
p=0.0447, 
pFDR=0.76



174

Table 3: Continued.

Mean (SD) BCIS SR BCIS SC BCIS CI

65. Left angular gyrus rs=0.43, 
p<0.001, 
pFDR=0.01*

Small-world coefficient

65. Left angular gyrus rs=0.37, 
p=0.0039, 
pFDR=0.07

a. Corrected for total gray matter volume. 
b. Not trend-level significant anymore after additional correction for density (which was correlated 
with BCIS CI).
c. Locally, only correlations between self-reflectiveness and local graph metrics of regions of State 3 
were calculated. Correlations significant at puncorrected<0.05 are reported. FDR-correction for 17 tests 
(i.e. 17 regions in State 3).
d. Corrected for total and local gray matter volume. 
Abbreviations: BCIS=Beck Cognitive Insight Scale; SR=self-reflectiveness subscale; SC=self-
certainty subscale; CI=composite index score.

6.4.4.3 Post-hoc analyses of self-reflectiveness and local structural network metrics 
of the DMN
Given the significant associations that were found between self-reflectiveness and 
time-varying dynamics of the DMN-state, we calculated Spearman correlations 
between self-reflectiveness and local structural graph metrics of the 17 areas involved 
in that state. False Discovery Rate (FDR)-correction for multiple testing was applied 
with the p.adjust function in R (i.e. 17 tests).

For the higher-order graph metrics of the DTI-connectome, we found a significant 
correlation between self-reflectiveness and normalized path length of the left angular 
gyrus (rs=0.43, p<0.001, pFDR=0.01). No associations between self-reflectiveness and 
local gray matter connectome characteristics survived the corrected significance 
threshold (Table 3). 

6.4.4.4 Post-hoc analyses linking function and structure
Given the significant relationships that were found between cognitive insight on the 
one hand, and characteristics of dynamic FC or structural connectomes on the other 
hand (see Figure 2), we further investigated the relationship between function and 
structure for relationships as shown in Figure 2.
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Correlations between BCIS composite index scores (top row ‘BCIS’), BCIS self-reflectiveness (middle 
row ‘SR’) or BCIS self-certainty (last row ‘SC’) on one hand and characteristics of DTI-connectomes 
(column ‘DTI’), time-varying dynamics of resting-state functional connectivity (column ‘RS’) and gray 
matter connectomes (column ‘GM’) on the other hand. Significant correlations are displayed in bold 
text; trend-level significance in regular text. Triangles indicate the direction of the correlation with 
lower cognitive insight (i.e. lower BCIS composite index score, lower SR, higher SC; e.g. lower BCIS is 
associated with higher switching frequency). In color, significant correlations between resting-state 
functional connectivity characteristics and structural characteristics (e.g., lifetime State 3 is related 
to small-world coefficient left angular gyrus of DTI-connectome and normalized path length of right 
middle temporal pole GM-connectome). 
Abbreviations: BCIS=Beck Cognitive Insight Scale composite index score; SR=self-reflectiveness 
subscale of BCIS; SC=self-certainty subscale of BCIS; DTI=diffusion tensor imaging; RS=resting-
state fMRI; GM=gray matter.

For the DTI connectome, significant correlations were found between global normalized 
clustering coefficient and both the switching frequency (rs=-0.30, p=0.02) and the 
probability of occurrence of the DMN-state (rs=-0.26, p=0.046). Furthermore, we found 
relations between lower global small-world coefficient and higher switching frequency 
(rs=-0.32, p=0.02). Last, we found that a lower small-world coefficient of the left angular 
gyrus was related to higher lifetime of the DMN-state (rs=-0.26, p=0.049) and to a higher 
probability of occurrence of the DMN-state (rs=-0.37, p=0.004) (Figure 2).

For the gray matter connectome, significant correlations were found between 
normalized path length of the right middle temporal pole and lifetime (rs=0.28, 



176

p=0.036) and probability of occurrence (rs=0.31, p=0.02) of the DMN-state. No 
significant correlations were found between global path length and function 
(Figure 2).

6.5 Discussion

In this study, we examined how cognitive insight in healthy individuals relates to 
dynamic properties of brain functional connectivity (assessed with fMRI) and graph 
properties of the underlying structural connectomes (assessed from DTI and gray 
matter connectivity). We found that individuals with poorer cognitive insight have less 
stable functional as well as structural networks. This holds specifically for individuals 
with poorer self-reflectiveness. Furthermore, an overly present DMN appears to play 
a key role in poorer self-reflectiveness.

6.5.1 Functional connectivity
Individuals with lower cognitive insight (i.e. composite index score), and self-reflectiveness 
specifically, switch more between states, suggesting less stable networks. Additionally, 
they spend less time in a global synchronization state. This state likely reflects the 
global signal, which is expected to be a combination of neural and non-neural signal 
(i.e. breathing, motion, changes in vigilance and arousal etc.) (Cabral et al., 2017; Figueroa 
et al., 2019; Keller et al., 2013; Murphy and Fox, 2017; Scholvinck et al., 2010). It has been 
suggested to reflect a baseline FC state in which the whole brain is synchronized (Cabral 
et al., 2017; Figueroa et al., 2019). Lord et al. (2018) indeed showed higher probability of 
occurrence of the global synchronization state, suggesting a highly integrated brain, 
after psychedelic drug injection (Lord et al., 2019). This state is costly in energetic terms, 
and, depending on circumstances, the brain may move efficiently from this globally 
synchronized baseline state to less energetically costly segregated specialized networks 
(Figueroa et al., 2019; Nomi et al., 2017). 

Furthermore, individuals with lower self-reflectiveness spend more time in and had a 
higher occurrence of a state characterized by desynchronization of regions implicated 
in the DMN. The DMN has been suggested to be involved in introspective cognitive 
functions including mind-wandering (Christoff et al., 2009; Mason et al., 2007). The 
relationship between cognitive insight and resting state connectivity had not been 
studied in healthy individuals thus far, and a study in patients with schizophrenia 
did not find relationships with the cognitive insight score nor self-reflectiveness 
dimension (Gerretsen et al., 2014). This study examined static FC, however, while 
it has been increasingly suggested that transitions between neurocognitive states 
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are important for neurocognitive processes. Task fMRI-studies did implicate DMN-
abnormalities in poorer cognitive insight, or self-reflectiveness specifically (Buchy 
et al., 2015; van der Meer et al., 2013), and even more consistently in poorer clinical 
insight (i.e. illness awareness) in patients with schizophrenia and individuals at ultra-
high risk (e.g. (Clark et al., 2018; Gerretsen et al., 2014; Liemburg et al., 2012)). Clark 
et al., for example, found that a strongly connected DMN was associated with poor 
insight into subthreshold psychotic symptoms in ultra-high risk adolescents and 
young adults (Clark et al., 2018).

Results of our study showed that, in individuals with lower self-reflectiveness, the 
probabilities of switching to the DMN-state were higher from a state involving regions 
of the Ventral Attention Network (Yeo et al., 2011). The Ventral Attention Network likely 
reflects a combination of the salience (Seeley et al., 2007) and cingulo-opercular 
networks (Dosenbach et al., 2007; Yeo et al., 2011). The insula plays an important 
role within the Salience Network, mediating the switch between interoceptive DMN 
function and exteroceptive task-externally oriented attention (Menon and Uddin, 2010). 
It has been implicated in interoceptive awareness as well as higher-order cognitive 
processes such as cognitive control and attention (Menon and Uddin, 2010). Insular 
abnormalities were found to be related to poorer (meta)cognitive insight in patients 
with a psychotic disorder in earlier studies (Caletti et al., 2017; Spalletta et al., 2014). 
One could argue that dwelling longer in the Ventral Attention Network and switching 
less back to the DMN could enhance “being in touch with oneself” in a quite literal 
way as this network is involved in the representation of awareness of bodily states 
(Damasio, 1999). People with lower levels of insight could thus have less access to 
their own emotional states. 

Altogether, our FC findings imply less stable functional networks (implicated by 
increased switching frequency), less global integration (implicated by lower time 
spent in the globally synchronized state) and an overly present DMN in individuals 
with poorer cognitive insight, and poorer self-reflectiveness specifically. An 
explanation for our results that individuals with lower cognitive insight spend less 
time in the globally synchronized baseline state, could be that in these individuals 
the transition towards specialized networks is more difficult, rendering more 
frequent switching between states, less stable functional networks and an overly 
present DMN.

6.5.2 Structural connectivity
Reoccurring patterns of FC might reinforce structural connections. Since our FC 
findings imply less stable functional networks and less global integration, one 
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would expect reduced segregation and integration of structural connectomes. 
For self-reflectiveness, our results for the DTI connectomes indeed suggest less 
stable or segregated structural networks, as implicated by significantly lower 
clustering coefficient. However, we did not find reduced integration (reflected by 
path length) in the DTI connectome. When examining the relationship between 
brain function and structure further, we found that less anatomical segregation 
into clearly-defined networks (i.e. lower clustering coefficient) was related to less 
stable functional networks (i.e. higher switching frequency) and spending more 
time in the DMN (i.e. higher probability of the DMN-state).

Given our finding of a relationship between self-reflectiveness and temporal 
dynamics of the DMN, one would expect structural abnormalities of DMN-regions 
in addition to global structural abnormalities. With regard to the DTI connectome, 
we indeed found that individuals with lower self-reflectiveness show increased 
integration (i.e. lower path length and trend-level lower small-world coefficients), 
indicating higher connectedness, of the left angular gyrus with the rest of the 
brain. When linking function to structure, reduced small-world coefficients of 
the left angular gyrus were related to longer time spent in and higher probability 
of occurrence of the DMN-State. This is in line with fMRI- and PET-studies that 
identified the angular gyrus as a key region of the DMN (Greicius et al., 2003; 
Raichle et al., 2001; Uddin et al., 2009). The angular gyrus has not been linked 
to cognitive insight in previous studies, although one study found that increased 
connectivity in the DMN with the left angular gyrus was associated with poorer 
clinical insight in schizophrenia (Gerretsen et al., 2014). 

No studies on the relationship between cognitive insight and structural connectivity 
have been conducted in healthy individuals before. Two earlier DTI-studies did 
not find significant correlations with cognitive insight nor its subdimensions in 
schizophrenia (Ćurčić-Blake et al., 2015; Orfei et al., 2013). This is the first study 
examining the DTI-connectome, however. Altogether, our results suggest that 
individuals with lower self-reflectiveness show structural over-connectedness of 
the angular gyrus, a key region of the DMN, and that this is associated with an 
overly present DMN.

With regard to gray matter network structure, we only found associations with 
self-reflectiveness at trend-level significance. Our results show that lower self-
reflectiveness was related to lower global (implicated by higher path length) 
integration as well as local integration of the right middle temporal pole. When 
linking structure to function, higher path length of the right middle temporal pole 
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was associated with a higher time spent in and probability of occurrence of the 
DMN-state. No firm conclusions can be drawn without replication of our results in 
other samples, given that we only found associations at trend-level significance.

6.5.3 Strengths and limitations
The LEiDA-method allowed us to investigate time-varying dynamics of resting state 
FC while taking FC per timepoint into account. Advantages of this method are 
that 1) temporally delayed relationships can be captured with phase coherence 
techniques (Lord et al., 2019), 2) no window size has to be chosen in contrast 
to the sliding window approach and, 3) there is less influence of high-frequency 
noise. The combination of MRI-data of different modalities allowed us to get a 
more comprehensive view of the neural substrate of cognitive insight. This study 
has several limitations. First, as the first study investigating dynamic connectivity 
correlates of cognitive insight, our study had an exploratory nature and needs 
replication in an independent sample. Second, to limit false negatives and to 
enhance the probability of hypothesis-generating findings at this early stage of 
investigation into the dynamic correlates of insight, we did not apply the strictest 
method to correct for multiple testing. This comes at the cost of an increased risk 
for false positives. Third, the relatively coarse AAL-parcellation was used for all 
modalities, in order to replicate methods of earlier studies to aid interpretation 
and comparison of our results. For fMRI-data, a more fine-grained parcellation 
based on FC (instead of structure) might yield further breakdown into smaller 
subnetworks (Craddock et al., 2012; Gordon et al., 2016; Hallquist and Hillary, 2019). 
Fourth, most tractography techniques underestimate long-range connections, and 
probabilistic tractography might lead to false positives which have shown to have 
a bigger influence on graph metrics than false negatives (Zalesky et al., 2016). 
However, this is only expected to diminish the association between DTI graph 
metrics and cognitive insight. With regard to the gray matter connectome, density 
differed between individuals as connectomes were binarized by applying a subject-
specific threshold. Density is highly correlated with higher-order graph metrics 
such as path length and clustering coefficient. Keeping densities similar across 
individuals might yield false-positive connections, however, therefore, we chose to 
exactly replicate the existing method of Tijms et al. (Tijms et al., 2012).

6.5.4 Conclusions
Our results show converging evidence that functional and structural networks 
of individuals with lower cognitive insight, and more specifically poorer self-
reflectiveness, are less stable. An overly present DMN appears to play a key role. It is 
unclear, however, whether this generalizes to neurological or psychiatric disorders 
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characterized by poor insight, such as schizophrenia. If replicated, our findings 
could have practical implications, e.g. inform interventions that reinforce functional 
networks (e.g. neurofeedback) or decrease mind-wandering (e.g. mindfulness 
mediation training) (Mooneyham et al., 2016; Mrazek et al., 2013; Zanesco et al., 
2016). First and foremost, our results provide information on the basic neural 
underpinnings of insight into mental processes and support the use of dynamic 
connectivity analysis and multimodal imaging to gain a further understanding of 
mental processes that are so central to the human condition.
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6.6 Supplementary Materials

Figure S1: Distribution of composite index scores of the Beck Cognitive Insight Scale.
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Figure S2: Distribution of self-reflectiveness scores of the Beck Cognitive Insight Scale.
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Figure S3: Distribution of self-certainty scores of the Beck Cognitive Insight Scale.
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Figure S4: Evaluation of the optimal number of clusters returned from the K-means algorithm (with 
k ranging between 2 and 20) using the Dunn index.

Figure S5: Correlations between states two-four and seven resting state networks of Yeo et al. 
(Yeo et al., 2011). 







CHAPTER 7
General discussion 
and future perspectives





189

C
hapter 7

G
eneral discussion and future perspectives

The main aim of this thesis was to increase knowledge on the structural and functional 
neural substrates of insight in patients with a psychotic disorder. Our focus was on brain 
connectivity given that the parallelly distributed patterns of activation of brain networks 
(i.e. neural synchrony) are thought to underpin complex mental abilities. In Chapters 
2-5, we focused on clinical insight in patients with a psychotic disorder. However, 
patients might admit to being ill and needing treatment without a real understanding of 
their illness and integration of their illness in their self-concept. Therefore, in Chapters 
2 and 4-6, we additionally studied a second type of insight called cognitive insight. This 
involves individuals’ attributive metacognitive ability (i.e. awareness and understanding 
of one’s own thought processes), and directly measures distorted thinking styles. 
Learning more about brain regions underlying these (distorted) thinking styles 
increases knowledge that could be of clinical significance, as these cognitive styles 
might be targeted in treatment. In the current chapter, main findings are summarized 
and integrated, and critical considerations and future perspectives are discussed. 

7.1 Clinical insight

7.1.1 Global brain abnormalities
The meta-analyses and systematic review of the literature that are described in 
Chapter 2, suggest spatially diffuse global abnormalities across the brain in patients 
with impaired insight, given that structural and functional abnormalities of numerous 
regions across the brain were associated with poorer clinical insight. Indeed, two meta-
analyses on either voxel-based morphometry (VBM)-studies or functional magnetic 
resonance imaging (fMRI)-studies did not reveal a clear structural or functional 
substrate of clinical insight by pinpointing specific isolated brain areas. This might 
suggest that the literature is plagued by false positive findings. However, a lot of these 
regions were consistently found across studies. Moreover, on the global level, three 
meta-analyses including studies on either i) the sum of total gray and white matter 
volume, ii) total gray matter volume, or iii) total white matter volume, showed that 
patients with poorer clinical insight have both lower total gray and white matter volume. 
All in all, this suggests that methods taking the complex network of the whole brain into 
account may provide a more meaningful explanation of impaired insight in psychotic 
disorders than a focal (regional) approach. To this end, connectivity at the systems-
level was investigated in Chapter 5. 

In Chapter 5, we found converging evidence for abnormalities at the systems-level in 
poorer clinical insight in patients with a psychotic disorder. In this chapter, gray matter 
connectomes were created based on similarity of gray matter structure, and clinical 
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insight was related to several brain organization indices. We found lower clustering 
coefficient, reflective of less segregation into subnetworks and a more random brain 
topology, in patients with lower scores on one dimension of clinical insight, namely 
the ability to attribute symptoms to the illness (i.e. SAI-E Relabeling of symptoms). 
Additionally, we showed that higher betweenness centrality, indicative of an increase 
in hub characteristics, was also related to clinical insight (i.e. PANSS G12 scores). 
On a more speculative note, it has been suggested that a failure of performance of 
hub-regions (i.e. regions that are important for communication across the brain as 
they are well-connected to other regions) in schizophrenia leads to a compensatory 
reorganization with a shift and increase of hub-characteristics to brain areas that are 
less central. This could be reflected in an average increase in hub-characteristics, 
and might have global influence on complex higher-order functions underlying 
insight. A previous study indeed found reduced centrality of conventional hub-
regions (i.e. dorsolateral prefrontal, insula, anterior cingulate cortex) and emergence 
of peripheral hubs (i.e. fusiform gyrus) in schizophrenia (Palaniyappan et al., 2019). 
The study described in Chapter 5 is the first study creating gray matter connectomes 
at the individual level, allowing the investigation of the relationship between gray 
matter brain organization indices and symptoms. Altogether, our results indicate that 
system’s level gray matter brain organization indices are related to inter-individual 
differences in insight into psychosis. In this thesis, we did not investigate the relation 
between clinical insight and functional and DTI connectivity at the systems-level. 
One could expect, however, that these systems-level abnormalities would also be 
reflected in the functional and DTI connectome. Future studies could shed more 
light on this matter. 

7.1.2 Processes underlying clinical insight
Our findings in Chapter 2 and 5 support the idea that clinical insight might require 
several basic as well as higher-order cognitive functions (e.g. social-, neuro-, and 
metacognitive functions such as self-reflectiveness, perspective taking, cognitive 
flexibility and self-referential processing), that cannot be pinpointed to isolated brain 
regions as they require global brain integration. 

Good clinical insight has been suggested to require adequate integration of externally- 
and internally-generated information to integrate information from the environment 
into one’s self-representation (Ebisch and Aleman, 2016). This is consistent with the 
model as described by Lysaker et al. (Lysaker et al., 2018). Lysaker and colleagues 
suggest that good insight requires the ability to construct and continuously update a 
currently correct account of one’s own state while integrating information on internal 
states, the external circumstances and perspectives of others. The authors suggest 
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that these abilities might be affected by basic biological processes or structures, 
impaired perspective taking and sense of self as well as by one’s own experiences 
and more general socio-political factors.

Cognitive neuroscience models that attempt to explain impaired insight also stress 
the necessity of intact metacognitive and sensory abilities (e.g. self-evaluation and 
reflection) for good insight (Flashman and Roth, 2004). In order to have good clinical 
insight, one should be able to create an accurate meta-representation of oneself which 
requires adequate metacognitive abilities (Bergé et al., 2011). Altogether, our findings 
indeed suggest that complex processes, that require global brain integration, underlie 
insight.

7.1.3 Local abnormalities and processes underlying clinical insight
Current treatment options have limited success in the improvement of insight 
(Pijnenborg et al., 2013b). Studies that shed light on specific brain regions that are 
involved in insight are important for treatment development, as they may yield clues 
about underlying functional processes, whereas information at the most macroscopic 
level might not be helpful. Moreover, global abnormalities might be driven by local 
abnormalities. In Chapter 5, no significant associations were found between poorer 
insight and local gray matter network properties. Therefore, in Chapters 2-4, we studied 
the relationship between insight and local white matter and functional connectivity.

The systematic review in Chapter 2 showed that the inferior frontal gyrus/ventrolateral 
prefrontal cortex was most consistently implicated in clinical insight in studies 
examining brain structure as well as brain activation. The inferior frontal gyrus has 
been implicated in the inhibition of one’s own perspective (Van der Meer et al., 2011), 
while the ventrolateral prefrontal cortex has been suggested to play a role in cognitive 
control and selective attention for salient stimuli (Wearne, 2018). The ventrolateral 
prefrontal cortex has been shown to coactivate with other regions within the salience 
network (e.g. insula) and the central executive network (e.g. dorsolateral prefrontal 
cortex) (Wearne, 2018). Two meta-analyses, described in Chapter 2, that integrated 
studies conducted on left or right frontal gyrus volume revealed significant positive 
relationships with insight. As these studies pointed towards an important role of 
the frontal gyri in poorer insight, we aimed to investigate frontal white matter and 
functional connectivity in Chapters 3 and 4.

In Chapter 3, we investigated how clinical insight relates to abnormalities in local 
white matter as measured with Proton Magnetic Resonance Spectroscopy (1H-MRS). 
We found that there were lower N-acetylaspartate (NAA) concentrations in the white 
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matter of the left (dorsolateral) prefrontal cortex of patients with lower insight (as 
measured with the Birchwood Insight Scale (BIS)). This correlation was driven by the 
awareness of illness dimension. Reduced NAA concentrations are thought to indicate 
reduced neuronal integrity which might be caused by impaired functioning of axons 
causing abnormal neural connectivity (Du et al., 2013; Tang et al., 2007). Thus, findings 
in this chapter pointed towards local white matter prefrontal dysconnectivity in patients 
with impaired clinical insight.

These findings are in line with several previous studies that showed volumetric (Shad 
et al., 2006b, 2006a, 2004), as well as functional- and DTI connectivity abnormalities 
of the prefrontal cortex in patients with poorer clinical insight (Ćurčić-Blake et al., 2015; 
Liemburg et al., 2012). This might be explained by the role of the dorsolateral prefrontal 
cortex in executive functions such as the abilities to monitor and evaluate one’s own 
behavior and to adjust one’s own thoughts and beliefs to changing situations (Shad 
et al., 2007, 2006b) as well as metacognitive functions such as the abilities to make 
complex representation of oneself and others, to reflect upon oneself and to take the 
perspective of others. Altogether, in this study we confirm and extend results of prior 
studies that implicated prefrontal white matter abnormalities in poorer clinical insight 
by showing that these abnormalities are also reflected in NAA-concentrations. 

In Chapter 4, we aimed to study how local functional connectivity abnormalities relate 
to clinical insight. An fMRI emotion regulation task was used to probe an emotion 
regulation network including prefrontal areas given that (1) the prefrontal cortex plays 
a critical role in emotion generation and regulation (Dixon et al., 2017), (2) numerous 
studies have shown emotional dysregulation in schizophrenia (Henry et al., 2007; 
Horan et al., 2013; Morris et al., 2012; Perry et al., 2012; Van der Meer et al., 2014), 
and (3) good insight might require intact emotion regulation abilities to deal with the 
negative emotions accompanying awareness of illness. Therefore, we investigated 
how clinical insight relates to activation and connectivity during emotion regulation. 
Connectivity was measured with generalized psychophysiological interactions (gPPI) 
yielding information on task-dependent connectivity. We found lower activation of 
areas involved in cognitive-emotional control (i.e. left striatum, thalamus and insula, 
right insula and caudate, and right pre- and postcentral gyrus) and visual processing of 
negative stimuli (i.e. left superior occipital gyrus and cuneus, and the right middle and 
superior occipital gyrus and cuneus) in patients with a lower ability to relabel symptoms 
(i.e. SAI-E Relabeling of symptoms). Additionally, we found higher connectivity between 
the midline medial frontal gyrus, an important area for execution of emotion regulation 
(Kohn et al., 2014; Vanderhasselt et al., 2013), and the right middle occipital gyrus in 
patients with poorer clinical insight (i.e. PANSS G12 scores). 
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A previous study found lower connectivity between the right posterior insula and pre- 
and postcentral gyri in schizophrenia patients with lower insight (i.e. PANSS G12 scores) 
(Chen et al., 2016). The authors suggested that decreased connectivity between the 
insula and sensorimotor areas (i.e. pre-and post-central gyrus and occipital areas) 
in patients with impaired insight might be explained by abnormal integration of 
somatosensory and visual signals, leading to abnormalities in self-other distinction 
(Chen et al., 2016). The ability to discriminate oneself from others is essential for 
insight. The systematic review in Chapter 2 also revealed that insular (in addition to 
inferior frontal) abnormalities were found most frequently in fMRI-activation studies. 
Various studies implicated the importance of the insula in insight (Palaniyappan et 
al., 2011; Sapara et al., 2015; Shad and Keshavan, 2015; van der Meer et al., 2013) 
and stressed its role in self-monitoring (Sapara et al., 2015) and other introspective 
processes (Palaniyappan et al., 2011). The insula has been shown to be involved in 
“being in touch with oneself” in a quite literal way as it is involved in the representation 
of awareness of bodily states (Damasio, 1999). The insula also plays an important role 
in the Salience Network, mediating the switch between interoceptive and exteroceptive 
attention (Menon and Uddin, 2010). Abnormalities of the salience network have been 
previously implicated in poorer clinical insight (Gerretsen et al., 2014). Our findings 
in Chapter 3 could be explained such as that individuals with poorer ability to relabel 
symptoms might direct their attention less inward to monitor their expressions (Hayes 
et al., 2010; Richards and Gross, 2000). This explanation could be in line with the denial 
model, which suggests that poor insight is caused by the use of denial as a coping 
strategy in order to reduce distress caused by stigma associated with diagnosis of 
schizophrenia (Cooke et al., 2005). However, more objective evidence for the denial 
model is needed. An alternative explanation could be that somatosensory and visual 
signals are abnormally integrated in patients with poorer ability to relabel symptoms, 
giving rise to problems in self-other distinction and insight.

In Chapter 4, we additionally found less activation of areas involved in visual processing 
of negative stimuli, which could indicate attentional shifts and an implicit reduction 
in processing of emotion-evoking aspects of negative stimuli during expressive 
suppression. This might be explained by the decoupling hypothesis that suggests that 
when the mind wanders, attention decouples from perception (Schooler et al., 2011; 
Smallwood and Schooler, 2006). Attention might thus be relocated to task-unrelated 
thoughts resulting in superficial processing of perceptual information. This implicates 
important roles for the DMN, salience or attention networks, as well as networks 
involved in processing of perceptual information in impaired insight. The systematic 
review in Chapter 2 indeed revealed that fMRI-connectivity studies most frequently 
implicated the Default Mode Network. The DMN consists of medial and lateral parietal, 
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medial prefrontal, and medial and lateral temporal brain areas (Raichle, 2015). The 
function of the DMN is less well-understood but it has been suggested to be involved 
in introspective cognitive functions including mind-wandering (Christoff et al., 2009; 
Mason et al., 2007). 

Summarized, abnormalities in the interplay between networks such as the DMN, 
attention networks and (somatosensory) perception networks might interrupt 
processes necessary for good insight, such as switching between interoceptive and 
exteroceptive attention and integrating external information into one’s self-concept. An 
overview of all findings related to clinical insight in this thesis can be seen in Figure 1.
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7.1.4 Distinct processes underlying different dimensions of insight
An important question is which brain regions and connectivity patterns underlie the 
distinct dimensions of clinical insight. At the global (i.e. whole brain) level, our findings in 
Chapter 5 demonstrate that relabeling of symptoms is associated with lower segregation 
of gray matter connectomes. No significant associations were found between global 
brain organization indices and other clinical insight dimensions. Compared to the other 
dimensions of clinical insight, relabeling of symptoms appears to be of higher-order 
as it not only requires illness awareness but also the ability to integrate self-related 
information with information concerning the social and cultural environment while 
actively processing ongoing information from oneself as well as others. These processes 
might represent an interplay of more dynamic and higher-order processing which might 
be more severely affected by disturbances at the systems-level rather than regional 
abnormalities. Additionally, lower clustering coefficient suggests less segregated 
specialized processing of information, which might affect higher-order processes (such 
as relabeling of symptoms) more than basic processes. 

Locally, awareness of illness was found to be related to dorsolateral prefrontal cortex 
abnormalities. This is in line with a study of Shad and colleagues that suggested that 
dorsolateral prefrontal cortex abnormalities may underlie impaired awareness of illness 
by interfering with self-monitoring (Shad et al., 2006a). In the empirical chapters, no 
relationships were found with the Need for treatment dimension. This is line with earlier 
studies, that rarely found significant associations between this dimension and brain 
structure (i.e. only two studies) (Buchy et al., 2011; Sapara et al., 2007). Recognizing 
the need for treatment might be associated more with environmental and personal 
factors such as stigma sensitivity, support from family and friends, and culture. One 
study, for example, showed that insight into the need for treatment was influenced 
by frequency of interactions between the patient and their parent (Macgregor et al., 
2015). The systematic review and meta-analyses in Chapter 2 did not reveal different 
local neural correlates underlying distinct insight dimensions, however, given that 
regions were usually involved in more than one dimension of insight. A few regions 
were only associated with one dimension of insight, but this was not consistently found 
across multiple (i.e. >1) studies. Altogether, it remains unclear whether clinical insight 
dimensions depend on different brain regions, but global integration deficiencies likely 
underlie complex insight dimensions such as relabeling of symptoms.

7.1.5 Proposed model to explain poor clinical insight
Based on the results in this thesis, we propose a new model of brain areas and 
processes underlying poor clinical insight. We suggest that awareness of symptoms 
requires intact functioning of the dorsolateral prefrontal cortex, as it requires executive 
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functions such as the abilities to monitor and evaluate one’s own behavior and to adjust 
one’s own thoughts and beliefs to changing situations (Shad et al., 2007, 2006b). 
Relabeling of symptoms requires complex cognitive functions (e.g. social-, neuro-, 
and metacognitive functions such as self-reflectiveness, perspective taking, cognitive 
flexibility and self-referential processing), that cannot be pinpointed to isolated brain 
regions as they require global brain integration. We hypothesize that need for treatment 
cannot be pinpointed to neural abnormalities, but that it might be associated more with 
environmental and personal factors.

7.2 Cognitive insight

The construct of clinical insight is complex and our findings suggest that abnormalities 
across the brain give rise to difficulties in several complex processes that are 
necessary for having good insight. These findings raise the question whether directly 
measuring patients’ attributive metacognitive ability or cognitive style might yield more 
clinically relevant information. After all, these cognitive styles can be directly targeted 
in treatment. Therefore, in this thesis, we also extensively studied the neural correlates 
of cognitive insight.

7.2.1 Brain abnormalities underlying poor cognitive insight 
In Chapter 2, a systematic review of the literature revealed that structural neuroimaging 
studies most often found hippocampal involvement, while fMRI-studies most often found 
involvement of the inferior frontal gyrus/ventrolateral prefrontal cortex in cognitive insight 
in patients with a psychotic disorder. It should be noted, however, that studies that found 
hippocampal involvement were all ROI-studies that specifically focused on that region. Our 
findings in Chapter 4, were not in line with other literature, as we showed lower activation 
of brain systems subserving control and execution of emotion regulation (i.e. left and right 
pre- and postcentral gyrus and the left middle cingulate gyrus) in patients with lower self-
reflectiveness. A speculative explanation of our results could be that that patients with 
lower self-reflectiveness (i.e. lower cognitive insight) are less involved in emotion regulation 
because of an implicit reduction of processing of emotion-evoking aspects of negative 
stimuli. This might be in line with the denial model, which suggests that poor insight is 
caused by the use of denial as a coping strategy in order to reduce distress caused by 
stigma associated with diagnosis of schizophrenia (Cooke et al., 2005). 

Our findings of lower path length, clustering coefficient and small-world coefficients 
of gray matter connectomes in patients with poorer cognitive insight, as described in 
Chapter 5, show support of disturbances at the systems-level. Lower clustering and 
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small-world coefficients suggest a global imbalance between functional integration 
and segregation which may lead to dysfunction (Rubinov and Sporns, 2010). The 
association with general cognitive insight appeared to be driven by the self-certainty 
dimension, while no significant associations were found for the self-reflectiveness 
dimension. Additionally, locally, we found lower clustering and small-world coefficient 
of the left inferior occipital gyrus in patients with lower cognitive insight suggesting 
that this region might drive system-level abnormalities. 

As we established local as well as systems-level abnormalities in poorer cognitive 
insight in patients in Chapters 4 and 5, we aimed to get a more comprehensive 
view of the neural substrate of cognitive insight by combining data from different 
MRI-modalities in Chapter 6. This chapter only included data of healthy individuals 
as cognitive insight reflects general cognitive styles that do not necessarily pertain 
illness. We hypothesized that cognitive insight is a dynamic process and therefore 
related it to temporal dynamics of resting state functional connectivity. Additionally, 
we related cognitive insight to characterizations of structural (i.e. DTI and gray matter 
structure) networks. Our findings in Chapter 6 suggest less stable functional and 
structural networks in individuals with poorer cognitive insight, and specifically poorer 
self-reflectiveness, with an overly present DMN. That is based on our findings that 
individuals with lower cognitive insight switched more between states, and spent less 
time in a globally synchronized state. An explanation for our results that individuals 
with lower cognitive insight spend less time in the globally synchronized baseline state, 
could be that in these individuals the transition towards specialized networks is more 
difficult, rendering more frequent switching between states and less stable functional 
networks. With regard to the self-reflectiveness dimension, individuals with lower self-
reflectiveness also switched more between states and spent less time in a globally 
synchronized state (at trend-level significance). Additionally, they spent more time in, 
had a higher probability of, and had a higher chance of switching to a state entailing 
Default Mode Network (DMN) areas. Thus, an overly present DMN appears to play a 
key role in poorer self-reflectiveness. The DMN has been suggested to be involved in 
introspective cognitive functions including mind-wandering (Christoff et al., 2009; 
Mason et al., 2007). With lower self-reflectiveness, DTI-connectomes were segregated 
less (i.e. lower clustering coefficient), and there was a higher connectedness of the 
left angular gyrus (i.e. lower path length). The left angular gyrus has shown to be a 
key region in the DMN (Greicius et al., 2003; Raichle et al., 2001; Uddin et al., 2009). 
Lower clustering coefficients of DTI-connectomes were significantly related to higher 
switching frequency and a higher probability of occurrence of the state similar to 
the DMN. Thus, less anatomical segregation into clearly-defined networks appears 
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to be related to less stable functional networks and spending more time in the DMN. 
Altogether, our results suggest that individuals with lower self-reflectiveness show 
structural over-connectedness of the angular gyrus, a key region of the DMN, and that 
this is associated with an overly present DMN. Summarized, findings in this chapter 
implicate less stable functional and structural networks, as well as an important role of 
the DMN in poorer cognitive insight. An overview of all results with regard to cognitive 
insight can be seen in Figure 2.
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7.2.2 Processes underlying cognitive insight
Findings in patients with a psychotic disorder show that system-level abnormalities in 
gray matter connectomes are related to cognitive insight, and self-certainty specifically. 
Locally, findings in this thesis implicated gray matter network abnormalities of the left 
inferior occipital gyrus in lower cognitive insight, and lower activation in the pre- and 
postcentral gyrus, and left middle cingulate gyrus in lower self-reflectiveness. These 
areas have not been implicated in cognitive insight in previous studies, however. The 
review of the literature in Chapter 2 implicated the inferior frontal gyrus/ventrolateral 
prefrontal cortex and hippocampus most frequently in poorer cognitive insight. 

The ventrolateral prefrontal cortex has been linked to self-reflection, cognitive control 
of memory (Badre and Wagner, 2007; Levy and Wagner, 2011) and working memory 
(Buchy et al., 2015; Wolf et al., 2006). These memory processes have been linked to 
the ability to hold information online and are hypothesized to play a role in the ability to 
consider alternative hypotheses about one’s own (possibly incorrect) beliefs (Orfei et 
al., 2013). The hippocampus was also found to play a role in self-related processes in 
previous studies (Schmitz and Johnson, 2006), forming a network with the dorsomedial 
and -lateral prefrontal cortex that facilitates cognitive control and monitoring of self-
related decisions. The hippocampus also plays a role in several memory processes 
(Sheldon and Levine, 2018) that have been associated with cognitive insight (Davies et 
al., 2017), in particular declarative memory. Thus, results suggest that cognitive insight 
mainly relies on the ability to retrieve and integrate self-related information.

In healthy individuals, our results show converging evidence of less stable functional 
and structural networks in individuals with poorer cognitive insight, or self-
reflectiveness specifically, with a key role of the DMN. Individuals with lower cognitive 
insight spend less time in the globally synchronized baseline state which may make 
the transition towards specialized networks more difficult, rendering more frequent 
switching between states, less stable functional networks and an overly present 
DMN. Less stable functional networks and an overly present DMN were related to 
less anatomical segregation of the DTI connectome into subnetworks. Additionally, 
an overly connected left angular gyrus within the DTI connectome was also related to 
an overly present DMN.
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7.3 Critical considerations and future perspectives

Several factors complicate the investigation of the neural substrate of insight. At this 
point, some of these factors will be shortly discussed whereas other factors will be 
discussed in more detail in subsections below. First, all studies were cross-sectional. 
Therefore, no conclusions on causality can be drawn. Future studies of longitudinal 
design, that preferably also include individuals at ultra-high risk for psychosis, could 
provide more information on how insight relates to brain connectivity over time and 
how that relates to cognitive models of insight. Additionally, it is unclear whether we 
completely capture the concept of insight with cross-sectional investigations as it is not 
a fully static construct. Insight appears to have trait- as well as state-like properties, given 
that it is associated with cognitive deficits, brain structural abnormalities and education, 
but also with symptom severity and it improves with antipsychotic treatment (Wiffen et 
al., 2010). Longitudinal studies, for example using experience sampling methodology, 
could shed more light on this matter. Second, samples were heterogeneous with 
regard to illness duration, symptomatology, illness severity, use of antipsychotics and 
substance (ab-)use. These factors have differential effects on insight. For example, a 
meta-analysis showed that clinical insight improves after treatment with antipsychotics, 
but only in the early phase of the disorder (Pijnenborg et al., 2015). However, samples 
in this thesis were very similar to the general patient population making our results 
more generalizable. Future studies could, for example, follow individuals at ultra-high 
risk or drug-naïve individuals with first-episode psychosis longitudinally. A clinically 
homogenous sample could provide information that is not confounded by illness duration 
nor antipsychotic use. Third, insight is currently viewed in a linear manner, i.e. low insight 
is pathological while high insight is good. Contradictory findings in the literature show 
that impaired insight on the one hand may be associated with negative factors such as 
poorer prognosis and increased symptomatology, while on the other hand it has also 
been associated with lower depressive symptoms and higher quality of life (Wiffen et 
al., 2010). This could be explained when viewing symptoms with a non-linear inverted 
U-shape curve, as suggested by Northoff & Tumati (Northoff and Tumati, 2019). They 
argued that pathology is reflected by either too low or too high scores on a symptom 
scale, while average scores reflect healthy functioning. The same line of reasoning might 
be applicable to insight. Last, impaired insight is not unique for psychosis but is also seen 
in other neurological and psychiatric illnesses such as dementias, substance-related 
disorders, and obsessive-compulsive disorder (Dam, 2006; Goldstein et al., 2009; 
Mangone et al., 1991; Matsunaga et al., 2002). It is unclear whether the neural substrate 
of impaired insight is similar across these disorders. Studies examining insight across 
disorders might shed more light on this. Other critical considerations are discussed in 
more detail below.
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7.3.1 Measurements of insight
Most frequently used measures of insight are the Schedule for the Assessment of 
Insight – Expanded (SAI-E), item 12 of the general psychopathology subscale of the 
Positive and Negative Syndrome Scale (PANSS item G12) and the Scale to Assess 
Unawareness in Mental Disorder (SUMD) (Kay et al., 1987; Shad et al., 2006b). There 
is consensus in the field that insight is a multidimensional construct, and most 
insight measures therefore consist of several subscales or aim to capture several 
subdimensions within one score. Studies often report scores on these subdimensions 
as well as total scores. In this thesis, clinical insight was measured with the PANSS 
G12 item (Chapters 3 and 5), the Birchwood Insight Scale (BIS) (Chapter 3) and the 
SAI-E (Chapters 4 and 5). These instruments have all shown to be reliable and valid 
measures of insight. 

The PANSS G12 item is a single-item measure but it aims to capture multiple 
dimensions of clinical insight. Correlations with other measures of clinical insight, 
such as the SAI, SAI-E and BIS have shown to be strong (Sanz et al., 1998). In this 
thesis, the PANSS G12 item was strongly correlated (in the expected direction) with 
other insight measures, such as the BIS total score (r=−0.6, p<0.001, n=81; Chapter 3), 
SAI-E awareness of illness (rs=-0.61, p<0.001, n=62), SAI-E Relabeling of symptoms 
(rs=-0.62, p<0.001, n=62), SAI-E Need for treatment (rs=-0.47, p<0.001, n=62) and the 
SAI-E subtotal score (rs=-0.69, p<0.001, n=62) (Chapter 5). The PANSS is a rating 
scale for assessing positive, negative and general psychopathology symptoms in 
schizophrenia. Item G12 measures lack of judgment and insight. It is scored by a 
trained interviewer (1=no impairment; 7=severe impairment). Examples of questions 
used to answer this item are ‘Do you need treatment?’ and ‘Why are you in this mental 
institution?’. A disadvantage of this measure, is that it does not measure distinct 
dimensions separately, so potential associations between one insight dimension 
and neural correlates might be obscured by non-existing associations between the 
other dimensions and neural correlates. Therefore, we additionally measured insight 
with multi-dimensional measures.

The BIS (Chapter 3) is an 8-item self-rating questionnaire with a total score ranging 
from 0 to 12. It consists of three subscales measuring three dimensions of clinical 
insight, namely awareness of illness, ability to relabel symptoms and awareness of 
need for treatment. Advantages of this questionnaire are that it is a brief, easy-to-
administer measure that can easily be incorporated as an additional measure in 
clinical trials and studies that do not focus on insight specifically. The accuracy of 
self-report measures has been questioned in schizophrenia, however, as it might 
be argued that individuals with poor insight require insight to report about their 
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own insight. Yet, clinician- or researcher-rated measures might be more biased and 
influenced by patients’ cognitive and communicative abilities. Therefore, the BIS was 
administered in Chapter 3, in addition to a researcher-rated measure of insight (i.e. 
the PANSS G12).

The last insight measure used in this thesis, is the SAI-E (Chapter 4 and 5). This is 
a semi-structured interview consisting of three subscales: (1) awareness of illness, 
(2) relabeling of symptoms to the illness, and (3) need for treatment. It comes with 
several advantages. First, no medical jargon or labels are used but questions about 
the disorder are adjusted to the patients’ own words and descriptions. Second, some 
of the items are rated by a trained interviewer (items 1-9), while some are rated by 
the patient’s clinician (A-C). Disadvantages of this insight measure, compared to the 
SUMD, are that it does not measure insight in social consequences of the disorder, 
and that it does not distinguish between current and retrospective awareness and 
attribution. The SUMD consists of 74 items, among which six general items and four 
subscales each consisting of 17 items. The general items measure current and past 
awareness of mental disorder, awareness of medication effects, and awareness of 
social consequences of the disorder. With the subscales, current awareness and 
attribution, as well as retrospective awareness and attribution with regard to specific 
symptoms, such as anhedonia and flat affect, can be measured. An important 
disadvantage of this scale is its length, rendering it not always practically possible to 
include this questionnaire in studies. Moreover, it is thorough but also complex, making 
it difficult to administer in participants with cognitive slowing or cognitive abnormalities, 
which are common symptoms in schizophrenia. The scale can be shortened in different 
ways, rendering different variations of the scale. An option would be to only rate the 
general items, but this would render it less detailed compared to the SAI-E and BIS, 
for example. Thus, given the lengthiness and complexity of the SUMD, we chose to use 
other commonly used insight measures in this thesis.

In this thesis, cognitive insight was measured with the Beck Cognitive Insight Scale 
(BCIS) (Chapters 4-7). This is a 15-item self-report questionnaire that measures (1) 
self-reflectiveness, and (2) self-certainty (Beck and Warman, 2004). Advantages 
of this scale are that (1) it can be used in nonclinical as well as in different clinical 
populations allowing comparisons the spectrum of healthy individuals and disorders, 
and (2) self-report questionnaires in general avoid researcher/clinician-bias (Marks 
et al., 2000). Disadvantages are, first, that it has been argued that a reliable report 
on one’s insight requires good insight. However, the initial validation study showed 
significant correlations between the BCIS composite index score and being aware 
of a mental disorder as measured with the SUMD (Amador et al., 1993), between the 



self-reflectiveness subscale scores and being aware of delusions as measured with 
the SUMD, and between change in BCIS-scores and change in positive and negative 
symptoms (Beck et al., 2004). In this thesis, we also found significant correlations 
between SAI-E subtotal scores and BCIS self-certainty scores (r=-0.55; p=0.002; 
n=30, Chapter 4), between SAI-E Awareness of illness subscale scores and BCIS self-
certainty subscale scores (r=-0.62; pFDR<0.001, n=30, Chapter 4), SAI-E Awareness of 
illness and BCIS self-certainty (rs=-0.25, p=0.047, n=62; Chapter 5), SAI-E Need for 
treatment and BCIS self-certainty (rs= -0.30, p=0.018, n=62; Chapter 5), and PANSS G12 
and BCIS composite index scores (rs=-0.33, p=0.008, n=62; Chapter 5). Several other 
studies from other groups have also shown reliability and validity of the BCIS and that 
it can distinguish patients with psychosis from patients without psychosis and healthy 
individuals (Riggs et al., 2012). Additionally, several studies showed increased self-
certainty (i.e. poorer cognitive insight) in individuals with at-risk mental state (Uchida 
et al., 2014) or at clinical high risk for psychosis (Kimhy et al., 2014). Thus, results of 
previous studies suggest that individuals can reliably rate their experiences (Riggs 
et al., 2012). A second disadvantage of the BCIS is that it is unclear whether general 
thoughts patterns, as measured with the BCIS, are similar to thought patterns related 
to an illness. Patients with schizophrenia, for example, might show aberrant thought 
patterns related to their illness but not related to general topics. A last disadvantage 
of insight measures in general, is that there is no measure of real behavior. Ideally, 
insight measures would not only include researcher-, clinician- and self-rated parts but 
also an objective measure of behavior. However, such a lengthy and complex insight 
measure might have low feasibility. 

7.3.2 Multicausal integrated explanations of impaired insight
Multicausal integrated explanations of impaired insight appear more likely than 
monocausal explanations given the small to modest effect sizes (of associations 
between insight and these factors) that are found and the variation between 
patients. A more holistic approach, in which information from different levels is 
integrated, would be useful to shed more light on explanations of interindividual 
variability in insight. One example of such an approach is a multiscale neuroscience 
approach in which data at different scales (i.e., genetic, molecular, cellular and 
macroscale structural and functional connectivity) is integrated to better relate 
brain structure, function and behavior (van den Heuvel et al., 2019). Another 
example of such an approach is the levels of explanation approach suggested 
by Hugdahl & Sommer (Hugdahl and Sommer, 2018). In this model, insight as a 
symptom is viewed in a vertical manner, in order to integrate and explain insight 
across different levels. Insight appears to be caused by a complex interaction of 
factors from these different levels (i.e. impairments in cognition, brain structure/
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function, stigma, symptoms etc.). Integration of information of the brain imaging 
level with information from the cultural (i.e. norms, beliefs and attitudes; e.g. stigma), 
clinical (i.e. diagnoses, symptoms, personality), cognitive (i.e. cognition, executive 
functions, meta-awareness, emotion regulation) and cellular levels (i.e. synapses 
and neurotransmitters; e.g. NAA, glutamate) might give a more comprehensive view 
of the etiology of impaired insight. Either way, it is necessary that neurobiological, 
psychological and cultural/social findings are better integrated to get a clearer 
picture of the etiology of insight.

7.4 Clinical implications

Given the multidimensionality and complexity of the insight construct, as well as various 
cognitive functions and brain areas that might underlie it, a single treatment approach 
is unlikely to be successful (Osatuke et al., 2008). Indeed, current treatment options 
have limited success in improvement of insight (Pijnenborg et al., 2013b). Clinical trials 
that specifically focused on the improvement of insight showed improved insight but 
still left it unclear which components of these treatments led to the improvement (Guo 
et al., 2010; Lalova et al., 2013; Pijnenborg et al., 2019). Thus, the identification of brain 
mechanisms underlying impaired insight is a first step towards the development of 
more effective treatment options to enhance impaired insight so that prognosis can 
be improved.

Interventions aiming to improve insight should address multiple dimensions of insight 
through a combination of neurocognitive, metacognitive and social cognitive as well 
as psychosocial approaches. Given our results of global brain integration underlying 
complex insight dimensions, the integration of new information into one’s self-concept 
could be an important part of treatment. This is consistent with the suggestion of 
Lysaker et al. that patients with schizophrenia should be helped in the integration 
of complex and negative experiences into their adapted self-concept (Lysaker et al., 
2018).

Additionally, findings in Chapter 5 show that functional and structural networks of 
healthy individuals with lower cognitive insight, and more specifically poorer self-
reflectiveness, are less stable. If these results are replicated in patients, our findings 
could have practical implications as it could inform interventions that reinforce 
functional networks, such as neurofeedback. Additionally, mind-wandering could 
be reduced through mindfulness meditation training as that might improve focus 
and sustained attention according to previous studies (Mooneyham et al., 2016; 
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Mrazek et al., 2013; Zanesco et al., 2016). Such approaches, thus, might increase 
stability of task-specific networks, decrease time spend in the DMN and ultimately 
improve the self-reflection abilities of individuals with low levels of such abilities. 
Previous studies already showed improvements of insight after mindfulness-based 
interventions (Chien and Thompson, 2014; Wang et al., 2016; Yılmaz and Okanlı, 
2018). 

7.5 Conclusions

Findings in this thesis show converging evidence that impairments in clinical and 
cognitive insight are associated with structural and functional abnormalities in the brain. 
Impairments in one dimension of clinical insight, namely awareness of illness, appear 
to be associated with abnormalities of the dorsolateral prefrontal cortex. This might 
be explained by the role of the dorsolateral prefrontal cortex in executive functions 
(i.e. the abilities to monitor and evaluate one’s own behavior and to adjust one’s own 
thoughts and beliefs to changing situations) as well as metacognitive functions (i.e. the 
abilities to make complex representation of oneself and others, to reflect upon oneself 
and to take the perspective of others). Impairments in global brain integration appear 
to underlie another dimension of clinical insight, namely poorer ability to attribute 
symptoms to the illness, suggesting that this dimension of clinical insight requires 
an interplay of complex functions. The Default Mode Network, and networks involved 
in attention and perception might play an important role in this dimension of clinical 
insight. Cognitive insight in patients with a psychotic disorder appears to mainly rely 
on the underlying functions of the hippocampus and ventrolateral prefrontal cortex to 
retrieve and integrate self-related information. Lastly, our findings implicate less stable 
functional and structural networks in healthy individuals with lower cognitive insight 
with a key role of the Default Mode Network, which has been shown to be involved in 
mind wandering.





References





211

R
eferences

References

Achard, S., 2006. A Resilient, Low-Frequency, Small-World Human Brain Functional Network with 
Highly Connected Association Cortical Hubs. J. Neurosci. 26, 63–72. https://doi.org/10.1523/
JNEUROSCI.3874-05.2006

Alexander-Bloch, A., Raznahan, A., Bullmore, E., Giedd, J., 2013. The Convergence of Maturational 
Change and Structural Covariance in Human Cortical Networks. J. Neurosci. 33, 2889–2899. 
https://doi.org/10.1523/JNEUROSCI.3554-12.2013

Alexander-Bloch, A.F., Gogtay, N., Meunier, D., Birn, R., Clasen, L., Lalonde, F., Lenroot, R., Giedd, 
J., Bullmore, E.T., 2010. Disrupted Modularity and Local Connectivity of Brain Functional 
Networks in Childhood-Onset Schizophrenia. Front. Syst. Neurosci. 4. https://doi.org/10.3389/
fnsys.2010.00147

Amador, X., Strauss, D., Yale, S., Gorman, J.M., 1993. Assessment of insight in psychosis. Am. J. 
Psychiatry 150, 873–879.

Amador, X.F., Strauss, D.H., Yale, S., Gorman, J.M., 1991. Awareness of illness in schizophrenia. Schizophr. 
Bull. 17, 113–132.

American Psychiatric Association, 2000. DSM-IV-TR, Diagnostic and Statistical Manual of Mental 
Disorders 4th edition TR.

Andersson, J.L.R., Sotiropoulos, S.N., 2016. An integrated approach to correction for off-resonance 
effects and subject movement in diffusion MR imaging. Neuroimage 125, 1063–1078. https://doi.
org/10.1016/j.neuroimage.2015.10.019

Andreasen, N.C., Pressler, M., Nopoulos, P., Miller, D., Ho, B.C., 2010. Antipsychotic Dose Equivalents and 
Dose-Years: A Standardized Method for Comparing Exposure to Different Drugs. Biol. Psychiatry 
67, 255–262. https://doi.org/10.1016/j.biopsych.2009.08.040

Antonius, D., Prudent, V., Rebani, Y., D’Angelo, D., Ardekani, B.A., Malaspina, D., Hoptman, M.J., 2011. 
White matter integrity and lack of insight in schizophrenia and schizoaffective disorder. Schizophr. 
Res. 128, 76–82. https://doi.org/10.1016/j.schres.2011.02.020

Asmal, L., du Plessis, S., Vink, M., Chiliza, B., Kilian, S., Emsley, R., 2018. Symptom attribution and frontal 
cortical thickness in first-episode schizophrenia. Early Interv. Psychiatry 12, 652–659. https://doi.
org/10.1111/eip.12358

Asmal, L., du Plessis, S., Vink, M., Fouche, J.P., Chiliza, B., Emsley, R., 2017. Insight and white matter 
fractional anisotropy in first-episode schizophrenia. Schizophr. Res. 183, 88–94. https://doi.
org/10.1016/j.schres.2016.11.005

Badcock, J.C., Paulik, G., Maybery, M.T., 2011. The role of emotion regulation in auditory hallucinations. 
Psychiatry Res. 185, 303–308. https://doi.org/10.1016/j.psychres.2010.07.011

Badre, D., Wagner, A.D., 2007. Left ventrolateral prefrontal cortex and the cognitive control of memory. 
Neuropsychologia. https://doi.org/10.1016/j.neuropsychologia.2007.06.015

Barch, D.D.M., 2019. Schizophrenia spectrum disorders, in: R. Biswas-Diener & E. Diener (Ed.), Noba 
Textbook Series: Psychology. DEF publishers, Champaign, IL.

Bassett, D.S., Bullmore, E., Verchinski, B.A., Mattay, V.S., Weinberger, D.R., Meyer-Lindenberg, A., 2008. 
Hierarchical organization of human cortical networks in health and schizophrenia. J. Neurosci. 28, 
9239–9248. https://doi.org/10.1523/JNEUROSCI.1929-08.2008

Bassitt, D.P., Neto, M.R.L., De Castro, C.C., Busatto, G.F., 2007. Insight and regional brain volumes in 
schizophrenia. Eur. Arch. Psychiatry Clin. Neurosci. 257, 58–62. https://doi.org/10.1007/s00406-
006-0685-z



212

Batista-García-Ramó, K., Fernández-Verdecia, C., 2018. What We Know About the Brain Structure–
Function Relationship. Behav. Sci. (Basel). 8, 39. https://doi.org/10.3390/bs8040039

Bebko, G.M., Franconeri, S.L., Ochsner, K.N., Chiao, J.Y., 2011. Look before you regulate: Differential 
perceptual strategies underlying expressive suppression and cognitive reappraisal. Emotion 11, 
732–742. https://doi.org/10.1037/a0024009

Beck, A.T., Baruch, E., Balter, J.M., Steer, R.A., Warman, D.M., 2004. A new instrument for measuring 
insight: the Beck Cognitive Insight Scale. Schizophr. Res. 68, 319–329. https://doi.org/10.1016/
S0920-9964(03)00189-0

Beck, A.T., Warman, D.M., 2004. Cognitive insight: theory and assessment, in: Amador, X., David, A. 
(Eds.), Insight and Psychosis: Awareness of Illness in Schizophrenia and Related Disorders. Oxford 
University Press, New York, pp. 79–87.

Beckmann, C.F., DeLuca, M., Devlin, J.T., Smith, S.M., 2005. Investigations into resting-state connectivity 
using independent component analysis. Philos. Trans. R. Soc. B Biol. Sci. 360, 1001–1013. https://
doi.org/10.1098/rstb.2005.1634

Bedford, N.J., Surguladze, S., Giampietro, V., Brammer, M.J., David, A.S., 2012. Self-evaluation in 
schizophrenia: an fMRI study with implications for the understanding of insight. BMC Psychiatry 
12, 106. https://doi.org/10.1186/1471-244X-12-106

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

Behrens, T.E.J., Woolrich, M.W., Jenkinson, M., Johansen-Berg, H., Nunes, R.G., Clare, S., Matthews, 
P.M., Brady, J.M., Smith, S.M., 2003. Characterization and Propagation of Uncertainty in Diffusion-
Weighted MR Imaging. Magn. Reson. Med. 50, 1077–1088. https://doi.org/10.1002/mrm.10609

Béland, S., Makowski, C., Konsztowicz, S., Buchy, L., Chakravarty, M.M., Lepage, M., 2019. Clarifying 
associations between cortical thickness, subcortical structures, and a comprehensive 
assessment of clinical insight in enduring schizophrenia. Schizophr. Res. https://doi.org/10.1016/j.
schres.2018.08.024

Benjamini, Y., Hochberg, Y., 1995. Controlling the false discovery rate: a practical and powerful approach 
to multiple testing. J. R. Stat. Soc. B 57, 289–300.

Bergé, D., Carmona, S., Rovira, M., Bulbena, A., Salgado, P., Vilarroya, O., 2011. Gray matter volume 
deficits and correlation with insight and negative symptoms in first-psychotic-episode subjects. 
Acta Psychiatr. Scand. 123, 431-439. https://doi.org/10.1111/j.1600-0447.2010.01635.x

Bertolino, A., Esposito, G., Callicott, J.H., Mattay, V.S., Van Horn, J.D., Frank, J.A., Berman, K.F., Weinberger, 
D.R., 2000. Specific Relationship Between Prefrontal Neuronal N -Acetylaspartate and Activation 
of the Working Memory Cortical Network in Schizophrenia. Am. J. Psychiatry 157, 26–33. https://
doi.org/10.1176/ajp.157.1.26

Bertolino, A., Sciota, D., Brudaglio, F., Altamura, M., Blasi, G., Bellomo, A., Antonucci, N., Callicott, J.H., 
Goldberg, T.E., Scarabino, T., Weinberger, D.R., Nardini, M., 2003. Working Memory Deficits and 
Levels of N -Acetylaspartate in Patients With Schizophreniform Disorder. Am. J. Psychiatry 160, 
483–489. https://doi.org/10.1176/appi.ajp.160.3.483

Birchwood, M., Smith, J., Drury, V., Healy, J., Macmillan, F., Slade, M., 1994. A self-report Insight Scale for 
psychosis: reliability, validity and sensitivity to change. Acta Psychiatr. Scand. 89, 62–67.

Bjartmar, C., Kidd, G., Mörk, S., Rudick, R., Trapp, B.D., 2000. Neurological disability correlates with 
spinal cord axonal loss and reduced N-acetyl aspartate in chronic multiple sclerosis patients. 
Ann. Neurol. 48, 893–901.



213

R
eferences

Brett, M., Anton, J.L., Valabregue, R., Poline, J.B., 2002. Region of interest analysis using an SPM toolbox 
[abstract] Presented at the 8th International Conference on Functional Mapping of the Human 
Brain, June 2-6, 2002, Sendai, Japan. Available on CD-ROM in NeuroImage, Vol 16, No 2.

Buchy, L., Ad-Dab’bagh, Y., Lepage, C., Malla, A., Joober, R., Evans, A., Lepage, M., 2012a. Symptom 
attribution in first episode psychosis: a cortical thickness study. Psychiatry Res. - Neuroimaging 
203, 6–13. https://doi.org/10.1016/j.pscychresns.2011.09.009

Buchy, L., Ad-Dab’bagh, Y., Malla, A., Lepage, C., Bodnar, M., Joober, R., Sergerie, K., Evans, A., Lepage, 
M., 2011. Cortical thickness is associated with poor insight in first-episode psychosis. J. Psychiatr. 
Res. 45, 781–787. https://doi.org/10.1016/j.jpsychires.2010.10.016

Buchy, L., Barbato, M., MacMaster, F.P., Bray, S., Clark, D., Deighton, S., Addington, J., 2016. Cognitive 
insight is associated with cortical thickness in first-episode psychosis. Schizophr. Res. 172, 16–22. 
https://doi.org/10.1016/j.schres.2016.02.026

Buchy, L., Brodeur, M.B., Lepage, M., 2012b. The Beck Cognitive Insight Scale: Psychometric properties 
in a Canadian community sample. Schizophr. Res. 137, 254–255. https://doi.org/10.1016/j.
schres.2012.02.020

Buchy, L., Czechowska, Y., Chochol, C., Malla, A., Joober, R., Pruessner, J., Lepage, M., 2010. Toward a 
model of cognitive insight in first-episode psychosis: verbal memory and hippocampal structure. 
Schizophr. Bull. 36, 1040–1049. https://doi.org/10.1093/schbul/sbp015

Buchy, L., Hawco, C., Bodnar, M., Izadi, S., Dell’Elce, J., Messina, K., Lepage, M., 2014. Functional magnetic 
resonance imaging study of external source memory and its relation to cognitive insight in non-
clinical subjects. Psychiatry Clin. Neurosci. 68, 683–691. https://doi.org/10.1111/pcn.12177

Buchy, L., Hawco, C., Joober, R., Malla, A., Lepage, M., 2015. Cognitive insight in first-episode 
schizophrenia: Further evidence for a role of the ventrolateral prefrontal cortex. Schizophr. Res. 
166, 65–68. https://doi.org/10.1016/j.schres.2015.05.009

Buchy, L., Makowski, C., Malla, A., Joober, R., Lepage, M., 2018. A longitudinal study of cognitive insight 
and cortical thickness in first-episode psychosis. Schizophr. Res. 193, 251–260. https://doi.
org/10.1016/j.schres.2017.06.048

Buchy, L., Makowski, C., Malla, A., Joober, R., Lepage, M., 2017. Longitudinal trajectory of clinical insight 
and covariation with cortical thickness in first-episode psychosis. J. Psychiatr. Res. 86, 46–54. 
https://doi.org/10.1016/j.jpsychires.2016.11.008

Buckley, P.F., Moore, C., Long, H., Larkin, C., Thompson, P., Redmond, O., Stack, J.P., Ennis, J.T., 
Waddington, J.L., 1994. H-Magnetic Resonance Spectroscopy of the Left Temporal and Frontal 
Lobes in Schizophrenia: Clinical, Neurodevelopmental, and Cognitive Correlates. Biol. Psychiatry 
36, 792–800.

Buhle, J.T., Silvers, J.A., Wager, T.D., Lopez, R., Onyemekwu, C., Kober, H., Weber, J., Ochsner, K.N., 2014. 
Cognitive Reappraisal of Emotion: A Meta-Analysis of Human Neuroimaging Studies. Cereb. Cortex 
24, 2981–2990. https://doi.org/10.1093/cercor/bht154

Bullmore, E., Sporns, O., 2009. Complex brain networks: graph theoretical analysis of structural and 
functional systems. Nat. Rev. Neurosci. 10, 186–198. https://doi.org/10.1038/nrn2575

Cabral, J., Vidaurre, D., Marques, P., Magalhães, R., Silva Moreira, P., Miguel Soares, J., Deco, G., Sousa, 
N., Kringelbach, M.L., 2017. Cognitive performance in healthy older adults relates to spontaneous 
switching between states of functional connectivity during rest. Sci. Rep. 7. https://doi.org/10.1038/
s41598-017-05425-7



214

Caletti, E., Marotta, G., Del Vecchio, G., Paoli, R.A., Cigliobianco, M., Prunas, C., Zugno, E., Bottinelli, 
F., Brambilla, P., Altamura, A.C., 2017. The metabolic basis of cognitive insight in psychosis: A 
positron emission tomography study. PLoS One 12, e0175803. https://doi.org/10.1371/journal.
pone.0175803

Callicott, J.H., Bertolino, A., Egan, M.F., Mattay, V.S., Langheim, F.J.P., Weinberger, D.R., 2000. Selective 
Relationship Between Prefrontal N -Acetylaspartate Measures and Negative Symptoms in 
Schizophrenia. Am. J. Psychiatry 157, 1646–1651. https://doi.org/10.1176/appi.ajp.157.10.1646

Chakraborty, K., Basu, D., 2010. Insight in schizophrenia - A comprehensive update. Ger. J. Psychiatry 
13, 17–30.

Chang, L., Friedman, J., Ernst, T., Zhong, K., Tsopelas, N.D., Davis, K., 2007. Brain Metabolite Abnormalities 
in the White Matter of Elderly Schizophrenic Subjects: Implication for Glial Dysfunction. Biol. 
Psychiatry 62, 1396–1404. https://doi.org/10.1016/j.biopsych.2007.05.025

Chen, X., Duan, M., He, H., Yang, M., Klugah–Brown, B., Xu, H., Lai, Y., Luo, C., Yao, D., 2016. Functional 
abnormalities of the right posterior insula are related to the altered self-experience in 
schizophrenia. Psychiatry Res. - Neuroimaging 256, 26–32. https://doi.org/10.1016/j.
pscychresns.2016.09.006

Chien, W.T., Thompson, D.R., 2014. Effects of a mindfulness-based psychoeducation programme for 
Chinese patients with schizophrenia: 2-year follow-up. Br. J. Psychiatry 205, 52–59. https://doi.
org/10.1192/bjp.bp.113.134635

Christoff, K., Gordon, A.M., Smallwood, J., Smith, R., Schooler, J.W., 2009. Experience sampling during 
fMRI reveals default network and executive system contributions to mind wandering. Proc. Natl. 
Acad. Sci. 106, 8719–8724. https://doi.org/10.1073/pnas.0900234106

Clark, S. V., Mittal, V.A., Bernard, J.A., Ahmadi, A., King, T.Z., Turner, J.A., 2018. Stronger default mode 
network connectivity is associated with poorer clinical insight in youth at ultra high-risk for 
psychotic disorders. Schizophr. Res. 193, 244–250. https://doi.org/10.1016/j.schres.2017.06.043

Cohen, J., 1988. Statistical Power Analysis for the Behavioral Sciences, 2nd ed. Lawrence Erlbaum 
Associates, Hillsdale, New Jersey.

Cooke, M.A., Fannon, D., Kuipers, E., Peters, E., Williams, S.C., Kumari, V., 2008. Neurological basis 
of poor insight in psychosis: a voxel-based MRI study. Schizophr. Res. 103, 40–51. https://doi.
org/10.1016/j.schres.2008.04.022

Cooke, M.A., Peters, E.R., Fannon, D., Aasen, I., Kuipers, E., Kumari, V., 2010. Cognitive insight in psychosis: 
The relationship between self-certainty and self-reflection dimensions and neuropsychological 
measures. Psychiatry Res. 178, 284–289. https://doi.org/10.1016/j.psychres.2009.05.009

Cooke, M.A., Peters, E.R., Kuipers, E., Kumari, V., 2005. Disease, deficit or denial? Models of poor insight 
in psychosis. Acta Psychiatr. Scand. 112, 4–17. https://doi.org/10.1111/j.1600-0447.2005.00537.x

Costafreda, S.G., 2012. Parametric coordinate-based meta-analysis: Valid effect size meta-analysis 
of studies with differing statistical thresholds. J. Neurosci. Methods 210, 291–300. https://doi.
org/10.1016/j.jneumeth.2012.07.016

Cox, R.W., 1996. AFNI: Software for analysis and visualization of functional magnetic resonance 
neuroimages. Comput. Biomed. Res. 29, 162–173. https://doi.org/10.1006/cbmr.1996.0014

Craddock, R.C., James, G.A., Holtzheimer, P.E., Hu, X.P., Mayberg, H.S., 2012. A whole brain fMRI atlas 
generated via spatially constrained spectral clustering. Hum. Brain Mapp. 33, 1914–1928. https://
doi.org/10.1002/hbm.21333

Crawford, J.R., Henry, J.D., 2004. The Positive and Negative Affect Schedule (PANAS): Construct 
validity, measurement properties and normative data in a large non-clinical sample. Br. J. Clin. 
Psychol. 43, 245–265. https://doi.org/10.1348/0144665031752934



215

R
eferences

Ćurčić-Blake, B., van der Meer, L., Pijnenborg, G.H.M., David, A.S., Aleman, A., 2015. Insight and psychosis: 
Functional and anatomical brain connectivity and self-reflection in Schizophrenia. Hum. Brain 
Mapp. 36, 4859–4868. https://doi.org/10.1002/hbm.22955

Currie, S., Hadjivassiliou, M., Craven, I.J., Wilkinson, I.D., Griffiths, P.D., Hoggard, N., 2013. Magnetic 
resonance spectroscopy of the brain. Postgrad. Med. J. 89, 94–106. https://doi.org/10.1136/
postgradmedj-2011-130471

Dam, J., 2006. Insight in schizophrenia: A review. Nord. J. Psychiatry 60, 114–120. https://doi.
org/10.1080/08039480600600185

Damasio, A.R., 1999. The Feeling Of What Happens: Body, Emotion and the Making of Consciousness. 
Harcourt Trade Publishers, New York.

Damoiseaux, J.S., Rombouts, S.A.R.B., Barkhof, F., Scheltens, P., Stam, C.J., Smith, S.M., Beckmann, 
C.F., 2006. Consistent resting-state networks across healthy subjects. Proc. Natl. Acad. Sci. 103, 
13848–13853. https://doi.org/10.1073/pnas.0601417103

Dantas, C. de R., Banzato, C.E.M., 2007. Inter-rater reliability and factor analysis of the Brazilian version 
of the Schedule for the Assessment of Insight - Expanded Version (SAI-E). Rev. Bras. Psiquiatr. 
29, 359–362. https://doi.org/10.1590/S1516-44462006005000041

David, A., Van Os, J., Jones, P., Harvey, I., Foerster, A., Fahy, T., 1995. Insight and psychotic illness. Cross-
sectional and longitudinal associations. Br. J. Psychiatry 167, 621–628.

David, A.S., 1999. “To see oursels as others see us”. Aubrey Lewis’s insight. Br. J. Psychiatry 175, 210–
216. https://doi.org/10.1192/bjp.175.3.210

David, A.S., 1990. Insight and psychosis. Br. J. Psychiatry 156, 798–808.
David, A.S., Morgan, K.D., Mallet, J.L., Left, J., Murray, R.M., 2003. Insight: unitary or multi-dimensional 

phenomenon? Presented at International Congress on Schizophrenia Research 2003, in: 
Schizophrenia Research. p. 14.

Davies, G., Fowler, D., Greenwood, K., 2017. Metacognition as a Mediating Variable between 
Neurocognition and Functional Outcome in First Episode Psychosis. Schizophr. Bull. 43, 824–832. 
https://doi.org/10.1093/schbul/sbw128

Davis, K.L., Stewart, D.G., Friedman, J.I., Buchsbaum, M., Harvey, P.D., Hof, P.R., Buxbaum, J., Haroutunian, 
V., 2003. White Matter Changes in Schizophrenia. Arch. Gen. Psychiatry 60, 443. https://doi.
org/10.1001/archpsyc.60.5.443

De Luca, M., Beckmann, C.F., De Stefano, N., Matthews, P.M., Smith, S.M., 2006. fMRI resting state 
networks define distinct modes of long-distance interactions in the human brain. Neuroimage 
29, 1359–1367. https://doi.org/10.1016/j.neuroimage.2005.08.035

de Vos, A.E., Pijnenborg, G.H.M., Aleman, A., Van Der Meer, L., 2015. Implicit and explicit self-related 
processing in relation to insight in patients with schizophrenia. Cogn. Neuropsychiatry 20, 311–29. 
https://doi.org/10.1080/13546805.2015.1040151

Delamillieure, P., Constans, J.-M., Fernandez, J., Brazo, P., Dollfus, S., 2004. Relationship between 
performance on the Stroop test and N-acetylaspartate in the medial prefrontal cortex in deficit 
and nondeficit schizophrenia: preliminary results. Psychiatry Res. Neuroimaging 132, 87–89. 
https://doi.org/10.1016/j.pscychresns.2004.06.006

Diekhof, E.K., Geier, K., Falkai, P., Gruber, O., 2011. Fear is only as deep as the mind allows: A coordinate-
based meta-analysis of neuroimaging studies on the regulation of negative affect. Neuroimage 
58, 275–285. https://doi.org/10.1016/j.neuroimage.2011.05.073

Dillon, D.G., Ritchey, M., Johnson, B.D., LaBar, K.S., 2007. Dissociable effects of conscious emotion 
regulation strategies on explicit and implicit memory. Emotion 7, 354–365. https://doi.
org/10.1037/1528-3542.7.2.354



216

Dixon, M.L., Thiruchselvam, R., Todd, R., Christoff, K., 2017. Emotion and the prefrontal cortex: An 
integrative review. Psychol. Bull. https://doi.org/10.1037/bul0000096

Dlabac-de Lange, J.J., Bais, L., van Es, F.D., Visser, B.G.J., Reinink, E., Bakker, B., van den Heuvel, E.R., 
Aleman, A., Knegtering, H., 2015. Efficacy of bilateral repetitive transcranial magnetic stimulation 
for negative symptoms of schizophrenia: results of a multicenter double-blind randomized 
controlled trial. Psychol. Med. 45, 1263–1275. https://doi.org/10.1017/S0033291714002360

Donahue, C.J., Sotiropoulos, S.N., Jbabdi, S., Hernandez-Fernandez, M., Behrens, T.E., Dyrby, T.B., Coalson, 
T., Kennedy, H., Knoblauch, K., Van Essen, D.C., Glasser, M.F., 2016. Using Diffusion Tractography to 
Predict Cortical Connection Strength and Distance: A Quantitative Comparison with Tracers in the 
Monkey. J. Neurosci. 36, 6758–6770. https://doi.org/10.1523/jneurosci.0493-16.2016

Donohoe, G., Donnell, C.O., Owens, N., O’Callaghan, E., 2004. Evidence that health attributions and 
symptom severity predict insight in schizophrenia. J. Nerv. Ment. Dis. 192, 635–637. https://doi.
org/10.1097/01.nmd.0000138318.05729.db

Dosenbach, N.U.F., Fair, D.A., Miezin, F.M., Cohen, A.L., Wenger, K.K., Dosenbach, R.A.T., Fox, M.D., Snyder, 
A.Z., Vincent, J.L., Raichle, M.E., Schlaggar, B.L., Petersen, S.E., 2007. Distinct brain networks for 
adaptive and stable task control in humans. Proc. Natl. Acad. Sci. 104, 11073–11078. https://doi.
org/10.1073/pnas.0704320104

Du, F., Cooper, A.J., Thida, T., Shinn, A.K., Cohen, B.M., Öngür, D., 2013. Myelin and Axon Abnormalities 
in Schizophrenia Measured with Magnetic Resonance Imaging Techniques. Biol. Psychiatry 74, 
451–457. https://doi.org/10.1016/j.biopsych.2013.03.003

Dunn, J.C., 1973. A fuzzy relative of the ISODATA process and its use in detecting compact well-
separated clusters. J. Cybern. 3, 32–57. https://doi.org/10.1080/01969727308546046

Ebisch, S.J.H., Aleman, A., 2016. The fragmented self: imbalance between intrinsic and extrinsic self-
networks in psychotic disorders. The Lancet Psychiatry 3, 784–790. https://doi.org/10.1016/S2215-
0366(16)00045-6

Emami, S., Guimond, S., Mallar, M.M., Lepage, M., 2016. Cortical thickness and low insight into symptoms 
in enduring schizophrenia. Schizophr. Res. 170, 66–72. https://doi.org/10.1016/j.schres.2015.10.016

Essen, D.C. Van, 1997. A tension-based theory of morphogenesis and compact wiring in the central 
nervous system. Nature 385, 313–318. https://doi.org/10.1038/385313a0

Evans, A.C., 2013. Networks of anatomical covariance. Neuroimage 80, 489–504. https://doi.
org/10.1016/j.neuroimage.2013.05.054

Faget-Agius, C., Boyer, L., Padovani, R., Richieri, R., Mundler, O., Lancon, C., Guedj, E., 2012. Schizophrenia 
with preserved insight is associated with increased perfusion of the precuneus. J. Psychiatry 
Neurosci. 37, 297–304. https://doi.org/10.1503/jpn.110125

Favrod, J., Zimmermann, G., Raffard, S., Pomini, V., Khazaal, Y., 2008. The Beck Cognitive Insight Scale 
in outpatients with psychotic disorders: further evidence from a French-speaking sample. Can. 
J. Psychiatry 53, 783–787. https://doi.org/10.1177/070674370805301111

Feinberg, D.A., Moeller, S., Smith, S.M., Auerbach, E., Ramanna, S., Glasser, M.F., Miller, K.L., Ugurbil, 
K., Yacoub, E., 2010. Multiplexed echo planar imaging for sub-second whole brain fmri and fast 
diffusion imaging. PLoS One 5, e15710. https://doi.org/10.1371/journal.pone.0015710

Figueroa, C.A., Cabral, J., Mocking, R.J.T., Rapuano, K.M., van Hartevelt, T.J., Deco, G., Expert, P., Schene, 
A.H., Kringelbach, M.L., Ruhé, H.G., 2019. Altered ability to access a clinically relevant control 
network in patients remitted from major depressive disorder. Hum. Brain Mapp. 40, 2771-2786. 
https://doi.org/10.1002/hbm.24559



217

R
eferences

Flashman, L.A., McAllister, T.W., Andreasen, N.C., Saykin, A.J., 2000. Smaller Brain Size Associated With 
Unawareness of Illness in Patients With Schizophrenia. Am. J. Psychiatry 157, 1167–1169. https://
doi.org/10.1176/appi.ajp.157.7.1167

Flashman, L.A., McAllister, T.W., Johnson, S.C., Rick, J.H., Green, R.L., Saykin, A.J., 2001. Specific frontal 
lobe subregions correlated with unawareness of illness in schizophrenia: a preliminary study. 
J. Neuropsychiatry Clin. Neurosci. 13, 255–257. https://doi.org/10.1176/appi.neuropsych.13.2.255

Flashman, L.A., Roth, R.M., 2004. Neural correlates of unawareness of illness in psychosis, in: Amador, 
X.F., David, A.S. (Eds.), Insight and Psychosis. Oxford University Press, pp. 157–176. https://doi.
org/10.1093/med/9780198525684.003.0008

Fleming, S.M., Dolan, R.J., 2012. The neural basis of metacognitive ability. Philos. Trans. R. Soc. B Biol. 
Sci. 367, 1338–1349. https://doi.org/10.1098/rstb.2011.0417

Fornito, A., Bullmore, E.T., 2015. Reconciling abnormalities of brain network structure and function in 
schizophrenia. Curr. Opin. Neurobiol. https://doi.org/10.1016/j.conb.2014.08.006

Fossati, P., Hevenor, S.J., Graham, S.J., Grady, C., Keightley, M.L., Craik, F., Mayberg, H., 2003. In search of 
the emotional self: an FMRI study using positive and negative emotional words. Am. J. Psychiatry 
160, 1938–1945. https://doi.org/10.1176/appi.ajp.160.11.1938

Francis, J.L., Penn, D.L., 2001. The relationship between insight and social skill in persons with severe 
mental illness. J. Nerv. Ment. Dis. 189, 822–829. https://doi.org/10.1097/00005053-200112000-
00003

Galińska, B., Szulc, A., Tarasów, E., Kubas, B., Dzienis, W., Siergiejczyk, L., Czernikiewicz, A., Walecki, 
J., 2007. Relationship between frontal N-acetylaspartate and cognitive deficits in first-episode 
schizophrenia. Med. Sci. Monit. 13, 11–16.

Gardner, D.M., Murphy, A.L., O’Donnell, H., Centorrino, F., Baldessarini, R.J., 2010. International 
Consensus Study of Antipsychotic Dosing. Am. J. Psychiatry 167, 686–693. https://doi.org/10.1176/
appi.ajp.2009.09060802

Garver, D.L., Holcomb, J.A., Christensen, J.D., 2005. Cerebral cortical gray expansion associated with 
two second-generation antipsychotics. Biol. Psychiatry 58, 62–66. https://doi.org/10.1016/j.
biopsych.2005.02.008

Gerretsen, P., Chakravarty, M.M., Mamo, D., Menon, M., Pollock, B.G., Rajji, T.K., Graff-Guerrero, A., 2013. 
Frontotemporoparietal asymmetry and lack of illness awareness in schizophrenia. Hum. Brain 
Mapp. 34, 1035–1043. https://doi.org/10.1002/hbm.21490

Gerretsen, P., Menon, M., Chakravarty, M.M., Lerch, J.P., Mamo, D.C., Remington, G., Pollock, B.G., 
Graff-Guerrero, A., 2015. Illness denial in schizophrenia spectrum disorders: A function of left 
hemisphere dominance. Hum. Brain Mapp. 36, 213–225. https://doi.org/10.1002/hbm.22624

Gerretsen, P., Menon, M., Mamo, D.C., Fervaha, G., Remington, G., Pollock, B.G., Graff-Guerrero, A., 2014. 
Impaired insight into illness and cognitive insight in schizophrenia spectrum disorders: resting state 
functional connectivity. Schizophr. Res. 160, 43–50. https://doi.org/10.1016/j.schres.2014.10.015

Giel, R., Nienhuis, F., 1996. SCAN-2.1: Schedules for Clinical Assessment in Neuropsychiatry (in Dutch: 
Vragenschema’s voor klinische beoordeling in neuropsychiatrie). WHO, Geneva/Groningen.

Glerean, E., Salmi, J., Lahnakoski, J.M., Jääskeläinen, I.P., Sams, M., 2012. Functional Magnetic 
Resonance Imaging Phase Synchronization as a Measure of Dynamic Functional Connectivity. 
Brain Connect. 2, 91–101. https://doi.org/10.1089/brain.2011.0068

Goldin, P.R., McRae, K., Ramel, W., Gross, J.J., 2008. The Neural Bases of Emotion Regulation: 
Reappraisal and Suppression of Negative Emotion. Biol. Psychiatry 63, 577–586. https://doi.
org/10.1016/j.biopsych.2007.05.031



218

Goldstein, R.Z., Craig, A.D., Bechara, A., Garavan, H., Childress, A.R., Paulus, M.P., Volkow, N.D., 2009. 
The Neurocircuitry of Impaired Insight in Drug Addiction. Trends Cogn. Sci. 13, 372–380. https://
doi.org/10.1016/j.tics.2009.06.004

Gong, G., He, Y., Chen, Z.J., Evans, A.C., 2012. Convergence and divergence of thickness correlations 
with diffusion connections across the human cerebral cortex. Neuroimage 59, 1239–1248. https://
doi.org/10.1016/j.neuroimage.2011.08.017

Gordon, E.M., Laumann, T.O., Adeyemo, B., Huckins, J.F., Kelley, W.M., Petersen, S.E., 2016. Generation 
and Evaluation of a Cortical Area Parcellation from Resting-State Correlations. Cereb. Cortex 26, 
288–303. https://doi.org/10.1093/cercor/bhu239

Greenberger, C., Serper, M.R., 2010. Examination of Clinical and Cognitive Insight in Acute Schizophrenia 
Patients. J. Nerv. Ment. Dis. 198, 465–469. https://doi.org/10.1097/NMD.0b013e3181e4f35d

Greicius, M.D., Krasnow, B., Reiss, A.L., Menon, V., 2003. Functional connectivity in the resting brain: A 
network analysis of the default mode hypothesis. Proc. Natl. Acad. Sci. 100, 253–258. https://doi.
org/10.1073/pnas.0135058100

Gross, J.J., 1998. Antecedent- and response-focused emotion regulation: Divergent consequences 
for experience, expression, and physiology. J. Pers. Soc. Psychol. 74, 224–237. https://doi.
org/10.1037/0022-3514.74.1.224

Gross, J.J., John, O.P., 2003. Individual differences in two emotion regulation processes: implications 
for affect, relationships, and well-being. J. Pers. Soc. Psychol. 85, 348–362. https://doi.
org/10.1037/0022-3514.85.2.348

Guo, X., Zhai, J., Liu, Z., Fang, M., Wang, B., Wang, C., Hu, B., Sun, X., Lv, L., Lu, Z., Ma, C., He, X., Guo, 
T., Xie, S., Wu, R., Xue, Z., Chen, J., Twamley, E.W., Jin, H., Zhao, J., 2010. Effect of antipsychotic 
medication alone vs combined with psychosocial intervention on outcomes of early-stage 
schizophrenia: A randomized, 1-year study. Arch. Gen. Psychiatry 67, 895–904. https://doi.
org/10.1001/archgenpsychiatry.2010.105

Gutiérrez-Zotes, J.A., Valero, J., Cortés, M.J., Labad, A., Ochoa, S., Ahuir, M., Carlson, J., Bernardo, M., 
Cañizares, S., Escartin, G., Cañete, J., Gallo, P., Salamero, M., 2012. Spanish adaptation of the Beck 
Cognitive Insight Scale (BCIS) for schizophrenia. Actas Esp. Psiquiatr. 40, 2-9.

Ha, T.H., Youn, T., Ha, K.S., Rho, K.S., Lee, J.M., Kim, I.Y., Kim, S.I., Kwon, J.S., 2004. Gray matter abnormalities 
in paranoid schizophrenia and their clinical correlations. Psychiatry Res. Neuroimaging 132, 251–
260. https://doi.org/10.1016/j.pscychresns.2004.05.001

Hallquist, M.N., Hillary, F.G., 2019. Graph theory approaches to functional network organization in brain 
disorders: A critique for a brave new small-world. Netw. Neurosci. 3, 1–26. https://doi.org/10.1162/
netn_a_00054

Hasson-Ohayon, I., 2018. Overlap and distinction between measures of insight and self-stigma. 
Psychiatry Res. 266, 47–64. https://doi.org/10.1016/j.psychres.2018.05.035

Hasson-Ohayon, I., Ehrlich-Ben Or, S., Vahab, K., Amiaz, R., Weiser, M., Roe, D., 2012. Insight into mental 
illness and self-stigma: The mediating role of shame proneness. Psychiatry Res. 200, 802–806. 
https://doi.org/10.1016/j.psychres.2012.07.038

Hasson-Ohayon, I., Kravetz, S., Meir, T., Rozencwaig, S., 2009. Insight into severe mental illness, hope, 
and quality of life of persons with schizophrenia and schizoaffective disorders. Psychiatry Res. 
167, 231–238. https://doi.org/10.1016/j.psychres.2008.04.019

Hasson-Ohayon, I., Kravetz, S., Roe, D., David, A.S., Weiser, M., 2006. Insight into psychosis and quality 
of life. Compr. Psychiatry 47, 265–269. https://doi.org/10.1016/j.comppsych.2005.08.006



219

R
eferences

Hayes, J.P., Morey, R.A., Petty, C.M., Seth, S., Smoski, M.J., McCarthy, G., Labar, K.S., 2010. Staying cool 
when things get hot: emotion regulation modulates neural mechanisms of memory encoding. 
Front. Hum. Neurosci. 4, 1–10. https://doi.org/10.3389/fnhum.2010.00230

Henry, J.D., Green, M.J., de Lucia, A., Restuccia, C., McDonald, S., O’Donnell, M., 2007. Emotion 
dysregulation in schizophrenia: Reduced amplification of emotional expression is associated 
with emotional blunting. Schizophr. Res. 95, 197–204. https://doi.org/10.1016/j.schres.2007.06.002

Henry, J.D., Rendell, P.G., Green, M.J., McDonald, S., O’Donnell, M., 2008. Emotion regulation in 
schizophrenia: affective, social, and clinical correlates of suppression and reappraisal. J. Abnorm. 
Psychol. 117, 473–478. https://doi.org/10.1037/0021-843X.117.2.473

Hilgetag, C.C., Barbas, H., 2005. Developmental mechanics of the primate cerebral cortex. Anat. 
Embryol. (Berl). 210, 411–417. https://doi.org/10.1007/s00429-005-0041-5

Hoffstaedter, F., Grefkes, C., Caspers, S., Roski, C., Palomero-Gallagher, N., Laird, A.R., Fox, P.T., Eickhoff, 
S.B., 2014. The role of anterior midcingulate cortex in cognitive motor control: Evidence from 
functional connectivity analyses. Hum. Brain Mapp. 35, 2741–2753. https://doi.org/10.1002/
hbm.22363

Horan, W.P., Hajcak, G., Wynn, J.K., Green, M.F., 2013. Impaired emotion regulation in schizophrenia: 
Evidence from event-related potentials. Psychol. Med. 43, 2377–91. https://doi.org/10.1017/
S0033291713000019

Hugdahl, K., Sommer, I.E., 2018. Auditory verbal hallucinations in schizophrenia from a levels of 
explanation perspective. Schizophr. Bull. https://doi.org/10.1093/schbul/sbx142

Humphries, M.D., Gurney, K., 2008. Network “small-world-ness”: A quantitative method for determining 
canonical network equivalence. PLoS One 3. https://doi.org/10.1371/journal.pone.0002051

Jarskog, L.F., Dong, Z., Kangarlu, A., Colibazzi, T., Girgis, R.R., Kegeles, L.S., Barch, D.M., Buchanan, R.W., 
Csernansky, J.G., Goff, D.C., Harms, M.P., Javitt, D.C., Keefe, R.S., McEvoy, J.P., McMahon, R.P., Marder, 
S.R., Peterson, B.S., Lieberman, J.A., 2013. Effects of Davunetide on N-acetylaspartate and Choline 
in Dorsolateral Prefrontal Cortex in Patients with Schizophrenia. Neuropsychopharmacology 38, 
1245–1252. https://doi.org/10.1038/npp.2013.23

Jenkinson, M., Bannister, P., Brady, M., Smith, S., 2002. Improved optimization for the robust and 
accurate linear registration and motion correction of brain images. Neuroimage 17, 825–841. 
https://doi.org/10.1016/S1053-8119(02)91132-8

Jenkinson, M., Smith, S., 2001. A global optimisation method for robust affine registration of brain 
images. Med. Image Anal. 5, 143–156. https://doi.org/10.1016/S1361-8415(01)00036-6

Joseph, B., Narayanaswamy, J., Venkatasubramanian, G., 2015. Insight in schizophrenia: Relationship 
to positive, negative and neurocognitive dimensions. Indian J. Psychol. Med. 37, 5–11. https://doi.
org/10.4103/0253-7176.150797

Kao, Y.-C., Liu, Y.-P., 2010. The Beck Cognitive Insight Scale (BCIS): translation and validation of the 
Taiwanese version. BMC Psychiatry 10, 27. https://doi.org/10.1186/1471-244X-10-27

Karlsgodt, K.H., Sun, D., Cannon, T.D., 2010. Structural and functional brain abnormalities in 
schizophrenia. Curr. Dir. Psychol. Sci. 19, 226–231. https://doi.org/10.1177/0963721410377601

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

Keller, C.J., Bickel, S., Honey, C.J., Groppe, D.M., Entz, L., Craddock, R.C., Lado, F.A., Kelly, C., Milham, M., 
Mehta, A.D., 2013. Neurophysiological Investigation of Spontaneous Correlated and Anticorrelated 
Fluctuations of the BOLD Signal. J. Neurosci. 33, 6333–6342. https://doi.org/10.1523/
jneurosci.4837-12.2013



220

Kelly, C., Toro, R., Di Martino, A., Cox, C.L., Bellec, P., Castellanos, F.X., Milham, M.P., 2012. A convergent 
functional architecture of the insula emerges across imaging modalities. Neuroimage 61, 1129–
1142. https://doi.org/10.1016/j.neuroimage.2012.03.021

Kemp, R., David, A.S., 1997. Insight and compliance., in: Blackwell, B. (Ed.), Treatment Compliance and 
the Therapeutic Alliance in Serious Mental Illness. Hardwood Academic Publishers, Amsterdam, 
pp. 61–84.

Keshavan, M.S., Rabinowitz, J., DeSmedt, G., Harvey, P.D., Schooler, N., 2004. Correlates of insight in 
first episode psychosis. Schizophr. Res. 70, 187–194. https://doi.org/10.1016/j.schres.2003.11.007

Kimhy, D., Jobson-Ahmed, L., Ben-David, S., Ramadhar, L., Malaspina, D., Corcoran, C.M., 2014. Cognitive 
insight in individuals at clinical high risk for psychosis. Early Interv. Psychiatry 8, 130–137. https://
doi.org/10.1111/eip.12023

Kimhy, D., Vakhrusheva, J., Jobson-Ahmed, L., Tarrier, N., Malaspina, D., Gross, J.J., 2012. Emotion 
awareness and regulation in individuals with schizophrenia: Implications for social functioning. 
Psychiatry Res. 200, 193–201. https://doi.org/10.1016/j.psychres.2012.05.029

Kircher, T.T.J., Leube, D.T., 2003. Self-consciousness, self-agency, and schizophrenia. Conscious. Cogn. 
12, 656–669. https://doi.org/10.1016/S1053-8100(03)00071-0

Kohn, N., Eickhoff, S.B., Scheller, M., Laird, A.R., Fox, P.T., Habel, U., 2014. Neural network of cognitive 
emotion regulation - An ALE meta-analysis and MACM analysis. Neuroimage 87, 345–355. https://
doi.org/10.1016/j.neuroimage.2013.11.001

Konstantakopoulos, G., Ploumpidis, D., Oulis, P., Soumani, A., Nikitopoulou, S., Pappa, K., Papadimitriou, 
G.N., David, A.S., 2013. Is insight in schizophrenia multidimensional? Internal structure and 
associations of the Greek version of the Schedule for the Assessment of Insight-Expanded. 
Psychiatry Res. 209, 346–352. https://doi.org/10.1016/j.psychres.2013.02.016

Koren, D., Seidman, L.J., Poyurovsky, M., Goldsmith, M., Viksman, P., Zichel, S., Klein, E., 2004. The 
neuropsychological basis of insight in first-episode schizophrenia: a pilot metacognitive study. 
Schizophr. Res. 70, 195–202. https://doi.org/10.1016/j.schres.2004.02.004

Kraguljac, N.V., Reid, M., White, D., Jones, R., den Hollander, J., Lowman, D., Lahti, A.C., 2012. 
Neurometabolites in schizophrenia and bipolar disorder — A systematic review and meta-analysis. 
Psychiatry Res. Neuroimaging 203, 111–125. https://doi.org/10.1016/j.pscychresns.2012.02.003

Kuang, C., Buchy, L., Barbato, M., Makowski, C., MacMaster, F.P., Bray, S., Deighton, S., Addington, J., 2017. 
A pilot study of cognitive insight and structural covariance in first-episode psychosis. Schizophr. 
Res. 179, 91–96. https://doi.org/10.1016/j.schres.2016.09.036

Kumari, V., Fannon, D., Ffytche, D.H., Raveendran, V., Antonova, E., Premkumar, P., Cooke, M.A., 
Anilkumar, A.P.P., Williams, S.C.R., Andrew, C., Johns, L.C., Fu, C.H.Y., McGuire, P.K., Kuipers, E., 
2010. Functional MRI of verbal self-monitoring in schizophrenia: Performance and illness-specific 
effects. Schizophr. Bull. 36, 740–755. https://doi.org/10.1093/schbul/sbn148

Kundu, P., Brenowitz, N.D., Voon, V., Worbe, Y., Vertes, P.E., Inati, S.J., Saad, Z.S., Bandettini, P.A., Bullmore, 
E.T., 2013. Integrated strategy for improving functional connectivity mapping using multiecho 
fMRI. Proc. Natl. Acad. Sci. 110, 16187–16192. https://doi.org/10.1073/pnas.1301725110

Kundu, P., Inati, S.J., Evans, J.W., Luh, W.M., Bandettini, P.A., 2012. Differentiating BOLD and non-
BOLD signals in fMRI time series using multi-echo EPI. Neuroimage 60, 1759–1770. https://doi.
org/10.1016/j.neuroimage.2011.12.028

Kvrgic, S., Cavelti, M., Beck, E.M., Rüsch, N., Vauth, R., 2013. Therapeutic alliance in schizophrenia: 
The role of recovery orientation, self-stigma, and insight. Psychiatry Res. 209, 15–20. https://doi.
org/10.1016/j.psychres.2012.10.009



221

R
eferences

Lalova, M., Baylé, F., Grillon, M.-L., Houet, L., Moreau, E., Rouam, F., Cacot, P., Piolino, P., 2013. Mechanisms 
of insight in schizophrenia and impact of cognitive remediation therapy. Compr. Psychiatry 54, 
369–380. https://doi.org/10.1016/j.comppsych.2012.10.005

Langdon, R., Ward, P., 2009. Taking the Perspective of the Other Contributes to Awareness of Illness in 
Schizophrenia. Schizophr. Bull. 35, 1003–1011. https://doi.org/10.1093/schbul/sbn039

Larabi, D.I., van der Meer, L., Pijnenborg, G.H.M., Ćurčić-Blake, B., Aleman, A., 2018. Insight and emotion 
regulation in schizophrenia: A brain activation and functional connectivity study. NeuroImage Clin. 
20, 762–771. https://doi.org/10.1016/j.nicl.2018.09.009

Larøi, F., Fannemel, M., Rønneberg, U., Flekkøy, K., Opjordsmoen, S., Dullerud, R., Haakonsen, M., 2000. 
Unawareness of illness in chronic schizophrenia and its relationship to structural brain measures 
and neuropsychological tests. Psychiatry Res. Neuroimaging 100, 49–58. https://doi.org/10.1016/
S0925-4927(00)00063-9

Lee, J.S., Chun, J.W., Lee, S.H., Kim, E., Lee, S.K., Kim, J.J., 2015. Altered neural basis of the reality 
processing and its relation to cognitive insight in schizophrenia. PLoS One 10, 1–15. https://doi.
org/10.1371/journal.pone.0120478

Lee, K.-H., Brown, W.H., Egleston, P.N., Green, R.D.J., Farrow, T.F.D., Hunter, M.D., Parks, R.W., Wilkinson, 
I.D., Spence, S.A., Woodruff, P.W.R., 2006. A Functional Magnetic Resonance Imaging Study of 
Social Cognition in Schizophrenia During an Acute Episode and After Recovery. Am. J. Psychiatry 
163, 1926–1933. https://doi.org/10.1176/appi.ajp.163.11.1926

Levy, B.J., Wagner, A.D., 2011. Cognitive control and right ventrolateral prefrontal cortex: reflexive 
reorienting, motor inhibition, and action updating. Ann. N. Y. Acad. Sci. 1224, 40–62. https://doi.
org/10.1111/j.1749-6632.2011.05958.x

Lewis, D.A., Lieberman, J.A., 2000. Catching Up on Schizophrenia. Neuron 28, 325–334. https://doi.
org/10.1016/S0896-6273(00)00111-2

Lieberman, J.A., First, M.B., 2018. Psychotic Disorders. N. Engl. J. Med. 379, 270–280. https://doi.
org/10.1056/NEJMra1801490

Lieberman, J.A., Tollefson, G.D., Charles, C., Zipursky, R., Sharma, T., Kahn, R.S., Keefe, R.S.E., Green, A.I., 
Gur, R.E., McEvoy, J., Perkins, D., Hamer, R.M., Gu, H., Tohen, M., 2005. Antipsychotic drug effects 
on brain morphology in first-episode psychosis. Arch. Gen. Psychiatry 62, 361–370. https://doi.
org/10.1001/archpsyc.62.4.361

Liemburg, E.J., Dlabac-De Lange, J.J.L.A.S., Bais, L., Knegtering, H., van Osch, M.J.P., Renken, R.J., 
Aleman, A., 2015. Neural correlates of planning performance in patients with schizophrenia - 
Relationship with apathy. Schizophr. Res. 161, 367–375. https://doi.org/10.1016/j.schres.2014.11.028

Liemburg, E.J., van der Meer, L., Swart, M., Curcic-Blake, B., Bruggeman, R., Knegtering, H., Aleman, A., 
2012. Reduced connectivity in the self-processing network of schizophrenia patients with poor 
insight. PLoS One 7, 1–9. https://doi.org/10.1371/journal.pone.0042707

Liemburg, E.J., van Es, F., Knegtering, H., Aleman, A., 2017. Effects of aripiprazole versus risperidone on 
brain activation during planning and social-emotional evaluation in schizophrenia: A single-blind 
randomized exploratory study. Prog. Neuro-Psychopharmacology Biol. Psychiatry 79, 112–119. 
https://doi.org/10.1016/j.pnpbp.2017.05.022

Lincoln, T.M., Lullmann, E., Rief, W., 2007. Correlates and Long-Term Consequences of Poor Insight in 
Patients With Schizophrenia. A Systematic Review. Schizophr. Bull. 33, 1324–1342. https://doi.
org/10.1093/schbul/sbm002

Liu, F., Tian, H., Li, J., Li, S., Zhuo, C., 2019. Altered voxel-wise gray matter structural brain networks 
in schizophrenia: Association with brain genetic expression pattern. Brain Imaging Behav. 13, 
493–502. https://doi.org/10.1007/s11682-018-9880-6



222

Livingstone, K., Harper, S., Gillanders, D., 2009. An exploration of emotion regulation in psychosis. Clin. 
Psychol. Psychother. 16, 418–430. https://doi.org/10.1002/cpp.635

Lord, L.-D., Expert, P., Atasoy, S., Roseman, L., Rapuano, K., Lambiotte, R., Nutt, D.J., Deco, G., Carhart-
Harris, R.L., Kringelbach, M.L., Cabral, J., 2019. Dynamical exploration of the repertoire of brain 
networks at rest is modulated by psilocybin. Neuroimage 199, 127–142. https://doi.org/10.1016/j.
neuroimage.2019.05.060

Lynall, M.-E., Bassett, D.S., Kerwin, R., McKenna, P.J., Kitzbichler, M., Muller, U., Bullmore, E., 2010. 
Functional Connectivity and Brain Networks in Schizophrenia. J. Neurosci. 30, 9477–9487. https://
doi.org/10.1523/JNEUROSCI.0333-10.2010

Lysaker, P.H., Bryson, G.J., Lancaster, R.S., Evans, J.D., Bell, M.D., 2003. Insight in schizophrenia: 
Associations with executive function and coping style. Schizophr. Res. 59, 41–47. https://doi.
org/10.1016/S0920-9964(01)00383-8

Lysaker, P.H., Pattison, M.L., Leonhardt, B.L., Phelps, S., Vohs, J.L., 2018. Insight in schizophrenia 
spectrum disorders: relationship with behavior, mood and perceived quality of life, underlying 
causes and emerging treatments. World Psychiatry 17, 12–23. https://doi.org/10.1002/wps.20508

Lysaker, P.H., Roe, D., Yanos, P.T., 2007. Toward understanding the insight paradox: Internalized stigma 
moderates the association between insight and social functioning, hope, and self-esteem 
among people with schizophrenia spectrum disorders. Schizophr. Bull. 33, 192–199. https://doi.
org/10.1093/schbul/sbl016

Macgregor, A., Norton, J., Bortolon, C., Robichon, M., Rolland, C., Boulenger, J.P., Raffard, S., Capdevielle, 
D., 2015. Insight of patients and their parents into schizophrenia: Exploring agreement and the 
influence of parental factors. Psychiatry Res. https://doi.org/10.1016/j.psychres.2015.05.005

Maldjian, J.A., Laurienti, P.J., Burdette, J.H., 2004. Precentral gyrus discrepancy in electronic versions of 
the Talairach atlas. Neuroimage 21, 450–455. https://doi.org/10.1016/j.neuroimage.2003.09.032

Maldjian J.A., Laurienti P.J., Kraft R.A., Burdette J.H., 2003. An automated method for neuroanatomic 
and cytoarchitectonic atlas-based interrogation of fMRI data sets. Neuroimage 19, 1233–1239. 
https://doi.org/10.1016/S1053-8119(03)00169-1

Mangone, C.A., Hier, D.B., Gorelick, P.B., Ganellen, R.J., Langenberg, P., Boarman, R., Dollear, W.C., 1991. 
Impaired Insight in Alzheimer’s Disease. J. Geriatr. Psychiatry Neurol. 4, 189–193. https://doi.
org/10.1177/089198879100400402

Marks, K.A., Fatenau, P.S., Lysaker, P.H., Bond, G.R., 2000. Self-Appraisal of Illness Questionnaire 
(SAIQ): relationship to researcher-rated insight and neuropsychological function in schizophrenia. 
Schizophr. Res. 45, 203–211.

Marsman, M., Heuvel, M. van den, Klomp, D., Kahn, R., Luijten, P., Hulshoff Pol, H., 2013. Glutamate 
in schizophrenia: a focused review and meta-analysis of 1H-MRS studies. Schizophr. Bull. 39, 
120–129. https://doi.org/10.1093/schbul/sbr069

Mason, M.F., Norton, M.I., Van Horn, J.D., Wegner, D.M., Grafton, S.T., Macrae, C.N., 2007. Wandering 
minds: The default network and stimulus-independent thought. Science (80-. ). 315, 393–395. 
https://doi.org/10.1126/science.1131295

Matsunaga, H., Kiriike, N., Matsui, T., Oya, K., Iwasaki, Y., Koshimune, K., Miyata, A., Stein, D.J., 2002. 
Obsessive-compulsive disorder with poor insight. Compr. Psychiatry 43, 150–157. https://doi.
org/10.1053/comp.2002.30798

McEvoy, J.P., Johnson, J., Perkins, D., Lieberman, J.A., Hamer, R.M., Keefe, R.S.E., Tohen, M., Glick, I.D., 
Sharma, T., 2006. Insight in first-episode psychosis. Psychol. Med. 36, 1385–1393. https://doi.
org/10.1017/S0033291706007793



223

R
eferences

McEvoy, J.P., Joy Apperson, L., Appelbaum, P.S., Ortlip, P., Brecosky, J., Hammill, K., Geller, J.L., Roth, L., 
1989. Insight in schizophrenia. Its relationship to acute psychopathology. J. Nerv. Ment. Dis. 177, 
43–47. https://doi.org/10.1097/00005053-198901000-00007

McFarland, J., Cannon, D.M., Schmidt, H., Ahmed, M., Hehir, S., Emsell, L., Barker, G., McCarthy, P., Elliott, 
M.A., McDonald, C., 2013. Association of grey matter volume deviation with insight impairment 
in first-episode affective and non-affective psychosis. Eur. Arch. Psychiatry Clin. Neurosci. 263, 
133–141. https://doi.org/10.1007/s00406-012-0333-8

McGuire, P.K., Silbersweig, D.A., Frith, C.D., 1996. Functional neuroanatomy of verbal self-monitoring. 
Brain 119, 907–917. https://doi.org/10.1093/brain/119.3.907

McLaren, D.G., Ries, M.L., Xu, G., Johnson, S.C., 2012. A generalized form of context-dependent 
psychophysiological interactions (gPPI): A comparison to standard approaches. Neuroimage 61, 
1277–1286. https://doi.org/10.1016/j.neuroimage.2012.03.068

Melka, S.E., Lancaster, S.L., Bryant, A.R., Rodriguez, B.F., 2011. Confirmatory factor and measurement 
invariance analyses of the emotion regulation questionnaire. J. Clin. Psychol. 67, 1283–1293. 
https://doi.org/10.1002/jclp.20836

Menon, V., Uddin, L.Q., 2010. Saliency, switching, attention and control: a network model of insula 
function. Brain Struct. Funct. https://doi.org/10.1007/s00429-010-0262-0

Middleton, F.A., Strick, P.L., 2000. Basal ganglia and cerebellar loops: Motor and cognitive circuits. Brain 
Res. Rev. 31, 236–250. https://doi.org/10.1016/S0165-0173(99)00040-5

Mintz, A.R., Dobson, K.S., Romney, D.M., 2003. Insight in schizophrenia: a meta-analysis. Schizophr. 
Res. 61, 75–88. https://doi.org/10.1016/S0920-9964(02)00316-X

Modinos, G., Renken, R., Ormel, J., Aleman, A., 2011. Self-reflection and the psychosis-prone brain: an 
fMRI study. Neuropsychology 25, 295–305. https://doi.org/10.1037/a0021747

Moeller, S., Yacoub, E., Olman, C.A., Auerbach, E., Strupp, J., Harel, N., Uğurbil, K., 2010. Multiband 
multislice GE-EPI at 7 tesla, with 16-fold acceleration using partial parallel imaging with application 
to high spatial and temporal whole-brain fMRI. Magn. Reson. Med. 63, 1144–1153. https://doi.
org/10.1002/mrm.22361

Mooneyham, B.W., Mrazek, M.D., Mrazek, A.J., Schooler, J.W., 2016. Signal or noise: Brain network 
interactions underlying the experience and training of mindfulness. Ann. N. Y. Acad. Sci. 1369, 
240–256. https://doi.org/10.1111/nyas.13044

Morgan, K.D., Dazzan, P., Morgan, C., Lappin, J., Hutchinson, G., Suckling, J., Fearon, P., Jones, P.B., 
Leff, J., Murray, R.M., David, A.S., 2010. Insight, grey matter and cognitive function in first-onset 
psychosis. Br. J. Psychiatry 197, 141–148. https://doi.org/10.1192/bjp.bp.109.070888

Morris, R.W., Sparks, A., Mitchell, P.B., Weickert, C.S., Green, M.J., 2012. Lack of cortico-limbic coupling 
in bipolar disorder and schizophrenia during emotion regulation. Transl. Psychiatry 2:e90. https://
doi.org/10.1038/tp.2012.16

Mrazek, M.D., Franklin, M.S., Phillips, D.T., Baird, B., Schooler, J.W., 2013. Mindfulness Training Improves 
Working Memory Capacity and GRE Performance While Reducing Mind Wandering. Psychol. Sci. 
24, 776–781. https://doi.org/10.1177/0956797612459659

Murphy, K., Fox, M.D., 2017. Towards a consensus regarding global signal regression for resting 
state functional connectivity MRI. Neuroimage 154, 169–173. https://doi.org/10.1016/j.
neuroimage.2016.11.052

Nair, A., Palmer, E.C., Aleman, A., David, A.S., 2014. Relationship between cognition, clinical and cognitive 
insight in psychotic disorders: A review and meta-analysis. Schizophr. Res. 152, 191–200. https://
doi.org/10.1016/j.schres.2013.11.033



224

Nomi, J.S., Vij, S.G., Dajani, D.R., Steimke, R., Damaraju, E., Rachakonda, S., Calhoun, V.D., Uddin, L.Q., 
2017. Chronnectomic patterns and neural flexibility underlie executive function. Neuroimage 147, 
861–871. https://doi.org/10.1016/j.neuroimage.2016.10.026

Northoff, G., Tumati, S., 2019. “Average is good, extremes are bad” – Non-linear inverted U-shaped 
relationship between neural mechanisms and functionality of mental features. Neurosci. Biobehav. 
Rev. 104, 11–25. https://doi.org/10.1016/j.neubiorev.2019.06.030

Ochsner, K.N., Bunge, S.A., Gross, J.J., Gabrieli, J.D.E., 2002. Rethinking feelings: an FMRI 
study of the cognitive regulation of emotion. J. Cogn. Neurosci. 14, 1215–1229. https://doi.
org/10.1162/089892902760807212

Ohira, H., Nomura, M., Ichikawa, N., Isowa, T., Iidaka, T., Sato, A., Fukuyama, S., Nakajima, T., Yamada, J., 
2006. Association of neural and physiological responses during voluntary emotion suppression. 
Neuroimage 29, 721–733. https://doi.org/10.1016/j.neuroimage.2005.08.047

Ohrmann, P., Siegmund, A., Suslow, T., Pedersen, A., Spitzberg, K., Kersting, A., Rothermundt, M., 
Arolt, V., Heindel, W., Pfleiderer, B., 2007. Cognitive impairment and in vivo metabolites in first-
episode neuroleptic-naive and chronic medicated schizophrenic patients: A proton magnetic 
resonance spectroscopy study. J. Psychiatr. Res. 41, 625–634. https://doi.org/10.1016/j.
jpsychires.2006.07.002

Oldfield, R.C., 1971. The assessment and analysis of handedness: The Edinburgh inventory. 
Neuropsychologia 9, 97–113. https://doi.org/10.1016/0028-3932(71)90067-4

Olfson, M., Marcus, S.C., Wilk, J., West, J.C., 2006. Awareness of Illness and Nonadherence to 
Antipsychotic Medications Among Persons With Schizophrenia. Psychiatr. Serv. 57, 205–211. 
https://doi.org/10.1176/appi.ps.57.2.205

Orfei, M.D., Piras, F., Banaj, N., Di Lorenzo, G., Siracusano, A., Caltagirone, C., Bandinelli, P.L., Ducci, 
G., Spalletta, G., 2017. Unrealistic self-overconfidence in schizophrenia is associated with left 
presubiculum atrophy and impaired episodic memory. Cortex 86, 132–139. https://doi.org/10.1016/j.
cortex.2016.10.017

Orfei, M.D., Piras, F., Macci, E., Caltagirone, C., Spalletta, G., 2013. The neuroanatomical correlates of 
cognitive insight in schizophrenia. Soc. Cogn. Affect. Neurosci. 8, 418–423. https://doi.org/10.1093/
scan/nss016

Osatuke, K., Ciesla, J., Kasckow, J.W., Zisook, S., Mohamed, S., 2008. Insight in schizophrenia: a review of 
etiological models and supporting research. Compr. Psychiatry 49, 70–77. https://doi.org/10.1016/j.
comppsych.2007.08.001

Palaniyappan, L., Hodgson, O., Balain, V., Iwabuchi, S., Gowland, P., Liddle, P., 2019. Structural covariance 
and cortical reorganisation in schizophrenia: a MRI-based morphometric study. Psychol. Med. 49, 
412–420. https://doi.org/10.1017/S0033291718001010

Palaniyappan, L., Mallikarjun, P., Joseph, V., Liddle, P.F., 2011. Appreciating symptoms and deficits in 
schizophrenia: Right posterior insula and poor insight. Prog. Neuro-Psychopharmacology Biol. 
Psychiatry 35, 523–527. https://doi.org/10.1016/j.pnpbp.2010.12.008

Parellada, M., Boada, L., Fraguas, D., Reig, S., Castro-Fornieles, J., Moreno, D., Gonzalez-Pinto, A., Otero, 
S., Rapado-Castro, M., Graell, M., Baeza, I., Arango, C., 2011. Trait and State Attributes of Insight in 
First Episodes of Early-Onset Schizophrenia and Other Psychoses: A 2-Year Longitudinal Study. 
Schizophr. Bull. 37, 38–51. https://doi.org/10.1093/schbul/sbq109

Perry, Y., Henry, J.D., Grisham, J.R., 2011. The habitual use of emotion regulation strategies in 
schizophrenia. Br. J. Clin. Psychol. 50, 217–222. https://doi.org/10.1111/j.2044-8260.2010.02001.x



225

R
eferences

Perry, Y., Henry, J.D., Nangle, M.R., Grisham, J.R., 2012. Regulation of negative affect in schizophrenia: 
The effectiveness of acceptance versus reappraisal and suppression. J. Clin. Exp. Neuropsychol. 
34, 497–508. https://doi.org/10.1080/13803395.2012.661405

Pijnenborg, G.H.M., de Vos, A.E., Timmerman, M.E., Van der Gaag, M., Sportel, B.E., Arends, J., Koopmans, 
E.M., Van der Meer, L., Aleman, A., 2019. Social cognitive group treatment for impaired insight in 
psychosis: A multicenter randomized controlled trial. Schizophr. Res. 206, 362–369. https://doi.
org/10.1016/j.schres.2018.10.018

Pijnenborg, G.H.M., Spikman, J.M., Jeronimus, B.F., Aleman, A., 2013a. Insight in schizophrenia: 
associations with empathy. Eur. Arch. Psychiatry Clin. Neurosci. 263, 299–307. https://doi.
org/10.1007/s00406-012-0373-0

Pijnenborg, G.H.M., Timmerman, M.E., Derks, E.M., Fleischhacker, W.W., Kahn, R.S., Aleman, A., 2015. 
Differential effects of antipsychotic drugs on insight in first episode schizophrenia: Data from the 
European First-Episode Schizophrenia Trial (EUFEST). Eur. Neuropsychopharmacol. 25, 808–816. 
https://doi.org/10.1016/j.euroneuro.2015.02.012

Pijnenborg, G.H.M., Van der Gaag, M., Bockting, C.L.H., Van der Meer, L., Aleman, A., 2011. REFLEX, a 
social-cognitive group treatment to improve insight in schizophrenia: study protocol of a multi-
center RCT. BMC Psychiatry 11, 161. https://doi.org/10.1186/1471-244X-11-161

Pijnenborg, G.H.M., Van Donkersgoed, R.J.M., David, A.S., Aleman, A., 2013b. Changes in insight during 
treatment for psychotic disorders: a meta-analysis. Schizophr. Res. 144, 109–117.

Pini, S., Cassano, G.B., Dell’Osso, L., Amador, X.F., 2001. Insight into illness in schizophrenia, 
schizoaffective disorder, and mood disorders with psychotic features. Am. J. Psychiatry 158, 
122–125. https://doi.org/10.1176/appi.ajp.158.1.122

Poels, E.M.P., Kegeles, L.S., Kantrowitz, J.T., Slifstein, M., Javitt, D.C., Lieberman, J.A., Abi-Dargham, A., 
Girgis, R.R., 2014. Imaging glutamate in schizophrenia: review of findings and implications for drug 
discovery. Mol. Psychiatry 19, 20–29. https://doi.org/10.1038/mp.2013.136

Posse, S., Wiese, S., Gembris, D., Mathiak, K., Kessler, C., Grosse-Ruyken, M.L., Elghahwagi, B., Richards, 
T., Dager, S.R., Kiselev, V.G., 1999. Enhancement of BOLD-contrast sensitivity by single-shot multi-
echo functional MR imaging. Magn. Reson. Med. 42, 87–97. https://doi.org/10.1002/(SICI)1522-
2594(199907)42:1<87::AID-MRM13>3.0.CO;2-O

Provencher, S.W., 2008. LCModel & LCMgui User’s manual: LCModel 6.2-1. [WWW Document]. URL 
http://s-provencher.com/pages/lcm-manual.shtml

Provencher, S.W., 1993. Estimation of Metabolite Concentrations from Localized in Vivo Proton NMR 
Spectra. Magn. Reson. Med. 30, 672–679.

Pu, S., Nakagome, K., Yamada, T., Itakura, M., Satake, T., Ishida, H., Nagata, I., Kaneko, K., 2013. Association 
between cognitive insight and prefrontal function during a cognitive task in schizophrenia: 
A multichannel near-infrared spectroscopy study. Schizophr. Res. 150, 81–87. https://doi.
org/10.1016/j.schres.2013.07.048

R Core team, 2018. R: A language and environment for statistical computing.
Raichle, M.E., 2015. The Brain’s Default Mode Network. Annu. Rev. Neurosci. https://doi.org/10.1146/

annurev-neuro-071013-014030
Raichle, M.E., MacLeod, A.M., Snyder, A.Z., Powers, W.J., Gusnard, D.A., Shulman, G.L., 2001. A default 

mode of brain function. Proc. Natl. Acad. Sci. 98, 676–682. https://doi.org/10.1073/pnas.98.2.676
Raij, T.T., Korkeila, J., Joutsenniemi, K., Saarni, S.I., Riekki, T.J.J., 2014. Association of stigma resistance 

with emotion regulation - Functional magnetic resonance imaging and neuropsychological 
findings. Compr. Psychiatry 55, 727–735. https://doi.org/10.1016/j.comppsych.2013.10.010



226

Raij, T.T., Riekki, T.J.J., 2012. Poor supplementary motor area activation differentiates auditory verbal 
hallucination from imagining the hallucination. NeuroImage Clin. 1, 75–80. https://doi.org/10.1016/j.
nicl.2012.09.007

Raij, T.T., Riekki, T.J.J., Hari, R., 2012. Association of poor insight in schizophrenia with structure and 
function of cortical midline structures and frontopolar cortex. Schizophr. Res. 139, 27–32. https://
doi.org/10.1016/j.schres.2012.05.011

Raine, A., 1991. The SPQ: a scale for the assessment of schizotypal personality based on DSM-III-R 
criteria. Schizophr. Bull. 17, 555–564. https://doi.org/10.1093/schbul/17.4.555

Richards, J.M., Gross, J.J., 2000. Emotion regulation and memory: the cognitive costs of keeping one’s 
cool. J. Pers. Soc. Psychol. 79, 410–424. https://doi.org/10.1037/0022-3514.79.3.410

Rietdijk, J., Dragt, S., Klaassen, R., Ising, H., Nieman, D., Wunderink, L., Delespaul, P., Cuijpers, P., Linszen, 
D., van der Gaag, M., 2010. A single blind randomized controlled trial of cognitive behavioural 
therapy in a help-seeking population with an At Risk Mental State for psychosis: the Dutch Early 
Detection and Intervention Evaluation (EDIE-NL) trial. Trials 11, 30. https://doi.org/10.1186/1745-
6215-11-30

Riggs, S.E., Grant, P.M., Perivoliotis, D., Beck, A.T., 2012. Assessment of cognitive insight: A qualitative 
review. Schizophr. Bull. 38, 338–350. https://doi.org/10.1093/schbul/sbq085

Robinson, D.G., Woerner, M.G., Alvir, J.M.J., Geisler, S., Koreen, A., Sheitman, B., Chakos, M., Mayerhoff, 
D., Bilder, R., Goldman, R., Lieberman, J.A., 1999. Predictors of treatment response from a first 
episode of schizophrenia or schizoaffective disorder. Am. J. Psychiatry 156, 544–549. https://doi.
org/https://doi.org/10.1176/ajp.156.4.501

Roder, C.H., Dieleman, S., M. van der Veen, F., Linden, D., 2013. Systematic Review of the Influence 
of Antipsychotics on the Blood Oxygenation Level-Dependent Signal of Functional Magnetic 
Resonance Imaging. Curr. Med. Chem. 20, 448–461. https://doi.org/10.2174/092986713804870891

Roe, D., Hasson-Ohayon, I., Kravetz, S., Yanos, P.T., Lysaker, P.H., 2008. Call it a monster for lack 
of anything else: Narrative insight in psychosis. J. Nerv. Ment. Dis. https://doi.org/10.1097/
NMD.0b013e31818ec6e7

Rorden, C., Brett, M., 2000. Stereotaxic display of brain lesions. Behav. Neurol. 12, 191–200. https://doi.
org/10.1155/2000/421719

Rossell, S.L., Coakes, J., Shapleske, J., Woodruff, P.W.R., David, A.S., 2003. Insight: its relationship with 
cognitive function, brain volume and symptoms in schizophrenia. Psychol. Med. 33, 111–119. https://
doi.org/10.1017/S0033291702006803

Rubinov, M., Sporns, O., 2010. Complex network measures of brain connectivity: Uses and interpretations. 
Neuroimage 52, 1059–1069. https://doi.org/10.1016/j.neuroimage.2009.10.003

Rüsch, N., Tebartz van Elst, L., Valerius, G., Büchert, M., Thiel, T., Ebert, D., Hennig, J., Olbrich, H.-M., 2008. 
Neurochemical and structural correlates of executive dysfunction in schizophrenia. Schizophr. 
Res. 99, 155–163. https://doi.org/10.1016/j.schres.2007.05.024

Sanz, M., Constable, G., Lopez-Ibor, I., Kemp, R., David, A.S., 1998. A comparative study of insight 
scales and their relationship to psychopathological and clinical variables. Psychol. Med. 28, 
S0033291797006296. https://doi.org/10.1017/S0033291797006296

Sapara, A., Cooke, M., Fannon, D., Francis, A., Buchanan, R.W., Anilkumar, A.P., Barkataki, I., Aasen, I., 
Kuipers, E., Kumari, V., 2007. Prefrontal cortex and insight in schizophrenia: A volumetric MRI study. 
Schizophr. Res. 89, 22–34. https://doi.org/10.1016/j.schres.2006.09.016



227

R
eferences

Sapara, A., Ffytche, D.H., Birchwood, M., Cooke, M.A., Fannon, D., Williams, S.C.R., Kuipers, E., 
Kumari, V., 2014. Preservation and compensation: The functional neuroanatomy of insight 
and working memory in schizophrenia. Schizophr. Res. 152, 201–209. https://doi.org/10.1016/j.
schres.2013.11.026

Sapara, A., Ffytche, D.H., Cooke, M.A., Williams, S.C.R., Kumari, V., 2016. Voxel-based magnetic resonance 
imaging investigation of poor and preserved clinical insight in people with schizophrenia. World J. 
Psychiatry 6, 311–321. https://doi.org/10.5498/wjp.v6.i3.311

Sapara, A., Ffytche, D.H., Cooke, M.A., Williams, S.C.R., Kumari, V., 2015. Is it me? Verbal self-monitoring 
neural network and clinical insight in schizophrenia. Psychiatry Res. Neuroimaging 234, 328–335. 
https://doi.org/10.1016/j.pscychresns.2015.10.007

Schmand, B., Bakker, D., Saan, R., Louman, J., 1991. [The Dutch Reading Test for Adults: a measure of 
premorbid intelligence level]. Tijdschr. Gerontol. Geriatr. 22, 15–9.

Schmitt, J.E., Lenroot, R.K., Ordaz, S.E., Wallace, G.L., Lerch, J.P., Evans, A.C., Prom, E.C., Kendler, K.S., 
Neale, M.C., Giedd, J.N., 2009. Variance decomposition of MRI-based covariance maps using 
genetically informative samples and structural equation modeling. Neuroimage 47, 56–64. https://
doi.org/10.1016/j.neuroimage.2008.06.039

Schmitz, T.W., Johnson, S.C., 2006. Self-appraisal decisions evoke dissociated dorsal—ventral aMPFC 
networks. Neuroimage 30, 1050–1058. https://doi.org/10.1016/j.neuroimage.2005.10.030

Scholvinck, M.L., Maier, A., Ye, F.Q., Duyn, J.H., Leopold, D.A., 2010. Neural basis of global resting-state 
fMRI activity. Proc. Natl. Acad. Sci. 107, 10238–10243. https://doi.org/10.1073/pnas.0913110107

Schooler, J.W., Smallwood, J., Christoff, K., Handy, T.C., Reichle, E.D., Sayette, M.A., 2011. Meta-awareness, 
perceptual decoupling and the wandering mind. Trends Cogn. Sci. https://doi.org/10.1016/j.
tics.2011.05.006

Schwartz, R.C., Cohen, B.N., Grubaugh, A., 1997. Does insight affect long-term inpatient treatment 
outcome in chronic schizophrenia? Compr. Psychiatry 38, 283–288. https://doi.org/10.1016/
S0010-440X(97)90061-4

Schwerk, A., Alves, F.D.S., Pouwels, P.J.W., van Amelsvoort, T., 2014. Metabolic alterations associated 
with schizophrenia: a critical evaluation of proton magnetic resonance spectroscopy studies. J. 
Neurochem. 128, 1–87. https://doi.org/10.1111/jnc.12398

Seeley, W.W., Crawford, R.K., Zhou, J., Miller, B.L., Greicius, M.D., 2009. Neurodegenerative Diseases 
Target Large-Scale Human Brain Networks. Neuron 62, 42–52. https://doi.org/10.1016/j.
neuron.2009.03.024

Seeley, W.W., Menon, V., Schatzberg, A.F., Keller, J., Glover, G.H., Kenna, H., Reiss, A.L., Greicius, M.D., 
2007. Dissociable Intrinsic Connectivity Networks for Salience Processing and Executive Control. 
J. Neurosci. 27, 2349–2356. https://doi.org/10.1523/jneurosci.5587-06.2007

Shad, M., Keshavan, M., Tamminga, C., Cullum, C., David, A., 2007. Neurobiological underpinnings 
of insight deficits in schizophrenia. Int. Rev. Psychiatry 19, 437–446. https://doi.
org/10.1080/09540260701486324

Shad, M., Muddasani, S., Keshavan, M., 2006a. Prefrontal subregions and dimensions of insight in 
first-episode schizophrenia - A pilot study. Psychiatry Res. Neuroimaging 146, 35–42. https://doi.
org/10.1016/j.pscychresns.2005.11.001

Shad, M., Tamminga, C., Cullum, M., Haas, G., Keshavan, M., 2006b. Insight and frontal cortical function in 
schizophrenia: A review. Schizophr. Res. 86, 54–70. https://doi.org/10.1016/j.schres.2006.06.006

Shad, M.U., Keshavan, M.S., 2015. Neurobiology of insight deficits in schizophrenia: An fMRI study. 
Schizophr. Res. 165, 220–226. https://doi.org/10.1016/j.schres.2015.04.021



228

Shad, M.U., Muddasani, S., Prasad, K., Sweeney, J.A.J., Keshavan, M.M.S., 2004. Insight and prefrontal 
cortex in first-episode Schizophrenia. Neuroimage 22, 1315–1320. https://doi.org/10.1016/j.
neuroimage.2004.03.016

Sheehan, D. V., Lecrubier, Y., Sheehan, K.H., Amorim, P., Janavs, J., Weiller, E., Hergueta, T., Baker, R., 
Dunbar, G.C., 1998. The Mini-International Neuropsychiatric Interview (M.I.N.I.): The development 
and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. J. Clin. 
Psychiatry 59, 22–33.

Sheldon, S., Levine, B., 2018. The medial temporal lobe functional connectivity patterns associated with 
forming different mental representations. Hippocampus 28, 269–280. https://doi.org/10.1002/
hipo.22829

Shergill, S.S., Bullmore, E.T., Brammer, M.J., Williams, S.C., Murray, R.M., McGuire, P.K., 2001. A 
functional study of auditory verbal imagery. Psychol. Med. 31, 241–253. https://doi.org/10.1017/
S003329170100335X

Shirayama, Y., Obata, T., Matsuzawa, D., Nonaka, H., Kanazawa, Y., Yoshitome, E., Ikehira, H., Hashimoto, 
K., Iyo, M., 2010. Specific metabolites in the medial prefrontal cortex are associated with the 
neurocognitive deficits in schizophrenia: A preliminary study. Neuroimage 49, 2783–2790. https://
doi.org/10.1016/j.neuroimage.2009.10.031

Sigmundsson, T., Maier, M., Toone, B.K., Williams, S.C.R., Simmons, A., Greenwood, K., Ron, M.A., 2003. 
Frontal lobe N-acetylaspartate correlates with psychopathology in schizophrenia: a proton 
magnetic resonance spectroscopy study. Schizophr. Res. 64, 63–71. https://doi.org/10.1016/
S0920-9964(02)00533-9

Smallwood, J., Schooler, J.W., 2006. The restless mind. Psychol. Bull. 132, 946–958. https://doi.
org/10.1037/0033-2909.132.6.946

Smith, S.M., 2002. Fast robust automated brain extraction. Hum. Brain Mapp. 17, 143–155. https://doi.
org/10.1002/hbm.10062

Spalletta, G., Piras, F.F., Piras, F.F., Caltagirone, C., Orfei, M.M.D., 2014. The structural neuroanatomy 
of metacognitive insight in schizophrenia and its psychopathological and neuropsychological 
correlates. Hum. Brain Mapp. 35, 4729–4740. https://doi.org/10.1002/hbm.22507

Sporns, O., Chialvo, D.R., Kaiser, M., Hilgetag, C.C., 2004. Organization, development and function of 
complex brain networks. Trends Cogn. Sci. https://doi.org/10.1016/j.tics.2004.07.008

Stark, E., Cabral, J., Riem, M.M.E., van Ijzendoorn, M.H., Stein, A., Kringelbach, M.L., 2019. The power of 
smiling: The adult brain networks underlying learned infant temperament. Cereb. Cortex.

Startup, M., 1997. Awareness of own and others’ schizophrenic illness. Schizophr. Res. 26, 203–211. 
https://doi.org/10.1016/S0920-9964(97)00050-9

Steen, R.G., Hamer, R.M., Lieberman, J.A., 2005. Measurement of Brain Metabolites by 1H Magnetic 
Resonance Spectroscopy in Patients with Schizophrenia: A Systematic Review and Meta-Analysis. 
Neuropsychopharmacology 30, 1949–1962. https://doi.org/10.1038/sj.npp.1300850

Stippich, C., Ochmann, H., Sartor, K., 2002. Somatotopic mapping of the human primary sensorimotor 
cortex during motor imagery and motor execution by functional magnetic resonance imaging. 
Neurosci. Lett. 331, 50–54. https://doi.org/10.1016/S0304-3940(02)00826-1

Szulc, A., Galińska-Skok, B., Tarasów, E., Konarzewska, B., Waszkiewicz, N., Hykiel, R., Walecki, J., 2012. 
Clinical and cognitive correlates of the proton magnetic resonance spectroscopy measures in 
chronic schizophrenia. Med. Sci. Monit. 18, CR390-8.

Takai, A., Uematsu, M., Ueki, H., Sone, K., 1992. Insight and its related factors in chronic schizophrenic 
patients: A preliminary study. Eur. J. Psychiatry 6, 159–170.



229

R
eferences

Tanaka, Y., Obata, T., Sassa, T., Yoshitome, E., Asai, Y., Ikehira, H., Suhara, T., Okubo, Y., Nishikawa, T., 
2006. Quantitative magnetic resonance spectroscopy of schizophrenia: Relationship between 
decreased N-acetylaspartate and frontal lobe dysfunction. Psychiatry Clin. Neurosci. 60, 365–
372. https://doi.org/10.1111/j.1440-1819.2006.01515.x

Tang, C.Y., Friedman, J., Shungu, D., Chang, L., Ernst, T., Stewart, D., Hajianpour, A., Carpenter, D., Ng, J., 
Mao, X., Hof, P.R., Buchsbaum, M.S., Davis, K., Gorman, J.M., 2007. Correlations between Diffusion 
Tensor Imaging (DTI) and Magnetic Resonance Spectroscopy (1H MRS) in schizophrenic patients 
and normal controls. BMC Psychiatry 7, 25–35. https://doi.org/10.1186/1471-244X-7-25

Tijms, B.M., Möller, C., Vrenken, H., Wink, A.M., de Haan, W., van der Flier, W.M., Stam, C.J., Scheltens, 
P., Barkhof, F., 2013. Single-Subject Grey Matter Graphs in Alzheimer’s Disease. PLoS One 8, 1–9. 
https://doi.org/10.1371/journal.pone.0058921

Tijms, B.M., Seris, P., Willshaw, D.J., Lawrie, S.M., 2012. Similarity-based extraction of individual networks 
from gray matter MRI scans. Cereb. Cortex 22, 1530–1541. https://doi.org/10.1093/cercor/bhr221

Tijms, B.M., Sprooten, E., Job, D., Johnstone, E.C., Owens, D.G.C., Willshaw, D., Series, P., 2015. Grey 
matter networks in people at increased familial risk for schizophrenia. Schizophr. Res. 168, 1–8. 
https://doi.org/http://dx.doi.org/10.1016/j.schres.2015.08.025

Tordesillas-Gutierrez, D., Ayesa-Arriola, R., Delgado-Alvarado, M., Robinson, J.L., Lopez-Morinigo, J., 
Pujol, J., Encarnación Dominguez-Ballesteros, M., David, A.S., Crespo-Facorro, B., 2018. The right 
occipital lobe and poor insight in first-episode psychosis. PLoS One 13. https://doi.org/10.1371/
journal.pone.0197715

Tzourio-Mazoyer, N., Landeau, B., Papathanassiou, D., Crivello, F., Etard, O., Delcroix, N., Mazoyer, B., 
Joliot, M., 2002. Automated anatomical labeling of activations in SPM using a macroscopic 
anatomical parcellation of the MNI MRI single-subject brain. Neuroimage 15, 273–289. https://
doi.org/10.1006/nimg.2001.0978

Uchida, T., Matsumoto, K., Ito, F., Ohmuro, N., Miyakoshi, T., Ueno, T., Matsuoka, H., 2014. Relationship 
between cognitive insight and attenuated delusional symptoms in individuals with at-risk mental 
state. Psychiatry Res. 217, 20–24. https://doi.org/10.1016/j.psychres.2014.01.003

Uchida, T., Matsumoto, K., Kikuchi, A., Miyakoshi, T., Ito, F., Ueno, T., Matsuoka, H., 2009. Psychometric 
properties of the Japanese version of the Beck Cognitive Insight Scale: Relation of cognitive 
insight to clinical insight. Psychiatry Clin. Neurosci. 63, 291–297. https://doi.org/10.1111/j.1440-
1819.2009.01946.x

Uddin, L.Q., Kelly, A.M.C., Biswal, B.B., Castellanos, F.X., Milham, M.P., 2009. Functional Connectivity of 
Default Mode Network Components: Correlation, Anticorrelation, and Causality. Hum. Brain Mapp. 
30, 625–637. https://doi.org/10.1002/hbm.20531

Uranova, N.A., Vostrikov, V.M., Vikhreva, O. V, Zimina, I.S., Kolomeets, N.S., Orlovskaya, D.D., 2007. The 
role of oligodendrocyte pathology in schizophrenia. Int. J. Neuropsychopharmacol. 10, 537. https://
doi.org/10.1017/S1461145707007626

Urenjak, J., Williams, S., 1993. Proton nuclear magnetic resonance spectroscopy unambiguously 
identifies different neural cell types. J. Neurosci. 13, 981–989.

van den Heuvel, M.P., Scholtens, L.H., Kahn, R.S., 2019. Multiscale Neuroscience of Psychiatric 
Disorders. Biol. Psychiatry. https://doi.org/10.1016/j.biopsych.2019.05.015

van der Meer, L., de Vos, A.E., Stiekema, A.P.M., Pijnenborg, G.H.M., Van Tol, M.J., Nolen, W.A., David, A.S., 
Aleman, A., 2013. Insight in schizophrenia: Involvement of self-reflection networks? Schizophr. Bull. 
39, 1288–1295. https://doi.org/10.1093/schbul/sbs122



230

Van der Meer, L., Groenewold, N.A., Nolen, W.A., Pijnenborg, G.H.M., Aleman, A., 2011. Inhibit yourself and 
understand the other: Neural basis of distinct processes underlying Theory of Mind. Neuroimage 
56, 2364–2374. https://doi.org/10.1016/j.neuroimage.2011.03.053

Van der Meer, L., Swart, M., Van Der Velde, J., Pijnenborg, G.H.M., Wiersma, D., Bruggeman, R., Aleman, 
A., 2014. Neural correlates of emotion regulation in patients with schizophrenia and non-affected 
siblings. PLoS One 9. https://doi.org/10.1371/journal.pone.0099667

van der Meer, L., van’t Wout, M., Aleman, A., 2009. Emotion regulation strategies in patients with 
schizophrenia. Psychiatry Res. 170, 108–113. https://doi.org/10.1016/j.psychres.2009.07.010

Van der Velde, J., Gromann, P.M., Swart, M., Wiersma, D., De Haan, L., Bruggeman, R., Krabbendam, 
L., Aleman, A., 2015. Alexithymia influences brain activation during emotion perception but not 
regulation. Soc. Cogn. Affect. Neurosci. 10, 285–293. https://doi.org/10.1093/scan/nsu056

van der Velde, J., van Tol, M.-J., Goerlich-Dobre, K.S., Gromann, P.M., Swart, M., de Haan, L., Wiersma, 
D., Bruggeman, R., Krabbendam, L., Aleman, A., 2014. Dissociable morphometric profiles of the 
affective and cognitive dimensions of alexithymia. Cortex 54, 190–199. https://doi.org/10.1016/j.
cortex.2014.02.017

van Os, J., Kapur, S., 2009. Schizophrenia. Lancet 374, 635–645. https://doi.org/10.1016/S0140-
6736(09)60995-8

van Reekum, C.M., Johnstone, T., Urry, H.L., Thurow, M.E., Schaefer, H.S., Alexander, A.L., Davidson, R.J., 
2007. Gaze fixations predict brain activation during the voluntary regulation of picture-induced 
negative affect. Neuroimage 36, 1041–1055. https://doi.org/10.1016/j.neuroimage.2007.03.052

van Wijk, B.C.M., Stam, C.J., Daffertshofer, A., 2010. Comparing brain networks of different size and 
connectivity density using graph theory. PLoS One 5. https://doi.org/10.1371/journal.pone.0013701

Vanderhasselt, M.A., Kühn, S., De Raedt, R., 2013. “Put on your poker face”: Neural systems supporting 
the anticipation for expressive suppression and cognitive reappraisal. Soc. Cogn. Affect. Neurosci. 
8, 903–910. https://doi.org/10.1093/scan/nss090

Verfaillie, S.C.J., Slot, R.E.R., Dicks, E., Prins, N.D., Overbeek, J.M., Teunissen, C.E., Scheltens, P., Barkhof, 
F., van der Flier, W.M., Tijms, B.M., 2018. A more randomly organized grey matter network is 
associated with deteriorating language and global cognition in individuals with subjective cognitive 
decline. Hum. Brain Mapp. 39, 3143–3151. https://doi.org/10.1002/hbm.24065

Viechtbauer, W., 2010. Conducting meta-analyses in R with the metafor package. J. Stat. Softw.
Vohs, J.L., George, S., Leonhardt, B.L., Lysaker, P.H., 2016. An integrative model of the impairments 

in insight in schizophrenia: emerging research on causal factors and treatments. Expert Rev. 
Neurother. 16, 1193–1204. https://doi.org/10.1080/14737175.2016.1199275

Vostrikov, V.M., Uranova, N.A., Orlovskaya, D.D., 2007. Deficit of perineuronal oligodendrocytes in the 
prefrontal cortex in schizophrenia and mood disorders. Schizophr. Res. 94, 273–280. https://doi.
org/10.1016/j.schres.2007.04.014

Wang, L.Q., Chien, W.T., Yip, L.K., Karatzias, T., 2016. A randomized controlled trial of a mindfulness-
based intervention program for people with schizophrenia: 6-month follow-up. Neuropsychiatr. 
Dis. Treat. 12, 3097–3110. https://doi.org/10.2147/NDT.S123239

Watson, D., Clark, L.A., Tellegen, A., 1988. Development and validation of brief measures of positive and 
negative affect: the PANAS scales. J. Pers. Soc. Psychol. 54, 1063–1070.

Watts, D.J., Strogatz, S.H., 1998. Collective dynamics of small-world networks. Nature 393, 440–442.
Wearne, T.A., 2018. Elucidating the role of the ventrolateral prefrontal cortex in economic decision-

making. J. Neurosci. https://doi.org/10.1523/JNEUROSCI.0330-18.2018



231

R
eferences

Wheeler, A.L., Voineskos, A.N., 2014. A review of structural neuroimaging in schizophrenia: 
from connectivity to connectomics. Front. Hum. Neurosci. 8, 1–18. https://doi.org/10.3389/
fnhum.2014.00653

Wiffen, B.D.R., Rabinowitz, J., Fleischhacker, W.W., David, A.S., 2010. Insight: demographic differences 
and associations with one-year outcome in schizophrenia and schizoaffective disorder. Clin. 
Schizophr. Relat. Psychoses 4, 169–175. https://doi.org/10.3371/CSRP.4.3.3

Wijtenburg, S., McGuire, S., Rowland, L., Sherman, P., Lancaster, J., Tate, D., Hardies, L., Patel, B., Glahn, D., 
Hong, L., Fox, P., Kochunov, P., 2013. Relationship between fractional anisotropy of cerebral white 
matter and metabolite concentrations measured using 1H magnetic resonance spectroscopy in 
healthy adults. Neuroimage 66, 161–168. https://doi.org/10.1016/j.neuroimage.2012.10.014

Wolf, R.C., Vasic, N., Walter, H., 2006. Differential activation of ventrolateral prefrontal cortex during working 
memory retrieval. Neuropsychologia. https://doi.org/10.1016/j.neuropsychologia.2006.05.015

Woolrich, M.W., Jbabdi, S., Patenaude, B., Chappell, M., Makni, S., Behrens, T., Beckmann, C., Jenkinson, 
M., Smith, S.M., 2009. Bayesian analysis of neuroimaging data in FSL. Neuroimage 45. https://doi.
org/10.1016/j.neuroimage.2008.10.055

World Health Organisation, 2012. ICD 10 [WWW Document]. WHO. https://doi.
org/10.1177/1071100715600286

Xavier, R.M., Vorderstrasse, A., 2016. Neurobiological Basis of Insight in Schizophrenia: A Systematic 
Review. Nurs. Res. 65, 224–237. https://doi.org/10.1097/NNR.0000000000000159

Xu, J., Moeller, S., Auerbach, E.J., Strupp, J., Smith, S.M., Feinberg, D.A., Yacoub, E., Uǧurbil, K., 2013. 
Evaluation of slice accelerations using multiband echo planar imaging at 3T. Neuroimage 83, 
991–1001. https://doi.org/10.1016/j.neuroimage.2013.07.055

Yeh, Y.-C., Yen, C.-F., Li, C.-W., Kuo, Y.-T., Chen, C.-H., Lee, C.-C., Liu, G.-C., Huang, M.-F., Liu, T.-L., Chen, 
C.-S., 2014. Altered neurochemical metabolites in Alzheimer’s disease patients with unawareness 
of deficits. Int. Psychogeriatrics 26, 393–402. https://doi.org/10.1017/S1041610213001944

Yen, C.F., Yeh, M.L., Chen, C.S., Chung, H.H., 2002. Predictive value of insight for suicide, violence, 
hospitalization, and social adjustment for outpatients with schizophrenia: A prospective study. 
Compr. Psychiatry 43, 443–447. https://doi.org/10.1053/comp.2002.35901

Yeo, B.T.T., Krienen, F.M., Sepulcre, J., Sabuncu, M.R., Lashkari, D., Hollinshead, M., Roffman, J.L., 
Smoller, J.W., Zöllei, L., Polimeni, J.R., Fischl, B., Liu, H., Buckner, R.L., 2011. The organization of 
the human cerebral cortex estimated by intrinsic functional connectivity. J. Neurophysiol. 106, 
1125–1165. https://doi.org/10.1152/jn.00338.2011

Yilmaz, E., Okanli, A., 2018. Test of Mindfulness-Based Psychosocial Skills Training to İmprove 
Insight and Functional Recovery in Schizophrenia. West. J. Nurs. Res. 40, 1357–1373. https://doi.
org/10.1177/0193945917697222

Young, D.A., Campbell, Z., Zakzanis, K.K., Weinstein, E., 2003. A comparison between an interview and a 
self-report method of insight assessment in chronic schizophrenia. Schizophr. Res. 63, 103–109. 
https://doi.org/10.1016/S0920-9964(02)00378-X

Zalesky, A., Fornito, A., Cocchi, L., Gollo, L.L., van den Heuvel, M.P., Breakspear, M., 2016. Connectome 
sensitivity or specificity: which is more important? Neuroimage 142, 407–420. https://doi.
org/10.1016/j.neuroimage.2016.06.035

Zanesco, A.P., King, B.G., MacLean, K.A., Jacobs, T.L., Aichele, S.R., Wallace, B.A., Smallwood, J., Schooler, 
J.W., Saron, C.D., 2016. Meditation training influences mind wandering and mindless reading. 
Psychol. Conscious. Theory, Res. Pract. 3, 12–33. https://doi.org/10.1037/cns0000082



232

Zhang, Y., Lin, L., Lin, C.P., Zhou, Y., Chou, K.H., Lo, C.Y., Su, T.P., Jiang, T., 2012. Abnormal topological 
organization of structural brain networks in schizophrenia. Schizophr. Res. 141, 109–118. https://
doi.org/10.1016/j.schres.2012.08.021

Zong, X., Hu, M., Li, Z., Cao, H., He, Y., Liao, Y., Zhou, J., Sang, D., Zhao, H., Tang, J., Lv, L., Chen, X., 2015. 
N-Acetylaspartate Reduction in the Medial Prefrontal Cortex Following 8 weeks of Risperidone 
Treatment in First-Episode Drug-Naïve Schizophrenia Patients. Sci. Rep. 5, 9109. https://doi.
org/10.1038/srep09109







Nederlandstalige samenvatting 
(Dutch summary)





237

N
ederlandstalige sam

envatting (D
utch sum

m
ary)

Inzicht in het brein:
een multimodaal neuroimaging onderzoek naar inzicht 

in patiënten met een psychotische stoornis en gezonde personen

“Jullie hebben waarschijnlijk allemaal wel eens over straat gelopen en iemand 
gezien die apart gedrag vertoonde. Deze persoon was misschien ongebruikelijk 

gekleed, praatte tegen zichzelf of schreeuwde tegen iemand die je niet zag. 
Misschien heb je geprobeerd een gesprek aan te gaan met deze persoon en 

was het moeilijk om deze persoon te volgen en te begrijpen. Misschien gedroeg 
deze persoon zich achterdochtig of vertelde hij je een verhaal over mensen 

die hem achtervolgen. Als dat het geval is, is het mogelijk dat je iemand bent 
tegengekomen met schizofrenie of een andere psychotische stoornis.” 

– Vrij vertaald uit Barch, 2019

Schizofrenie en verminderd ziekte-inzicht

Barch (2019) beschreef een persoon, die je tegen zou kunnen komen op straat, die 
abnormaal gedrag vertoont. Deze persoon zou bijvoorbeeld chaotisch kunnen spreken, 
kunnen schreeuwen naar iemand die je niet ziet of denken dat hij of zij achtervolgt 
wordt. Dit zou iemand kunnen zijn die gediagnosticeerd is met schizofrenie of een 
andere psychotische stoornis. 1% van de bevolking zal op enig punt in zijn of haar 
leven de diagnose schizofrenie krijgen. Schizofrenie is een complexe aandoening die 
gekenmerkt wordt door verschillende symptomen. Veelvoorkomende symptomen 
zijn positieve symptomen zoals hallucinaties, wanen en verwardheid, en negatieve 
symptomen zoals verminderde motivatie, neerslachtigheid en vervlakte emoties. De 
exacte oorzaak van schizofrenie is onbekend, maar waarschijnlijk wordt het veroorzaakt 
door een combinatie van bepaalde neurotransmitters, en genetische-, omgevings- 
en neuro-ontwikkelingsfactoren. Al deze factoren kunnen normale hersenfunctie 
beïnvloeden.

Teruggaand naar de persoon die je tegen kwam op straat; is het duidelijk voor jou en 
anderen op straat dat deze persoon ongebruikelijk gedrag vertoont. De meerderheid 
van mensen gediagnosticeerd met schizofrenie is zich echter niet bewust van hun 
symptomen en ziekte (Dam, 2006). 50 tot 80% van de mensen met schizofrenie heeft 
zelfs verminderd ziekte-inzicht. Dit houdt in dat ze - in meer of mindere mate - zichzelf 
niet ziek vinden, zich niet realiseren dat bepaalde symptomen bij de ziekte horen en 
behandeling niet nodig vinden. De negatieve gevolgen van verminderd ziekte-inzicht 
zijn groot: patiënten met slechter ziekte-inzicht houden zich minder goed aan de 
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behandeling (bijvoorbeeld medicatie inname), hebben een lager algeheel welzijn en 
kwaliteit van leven en een slechtere prognose vergeleken met patiënten met beter 
ziekte-inzicht.

Helaas blijkt dat huidige behandelopties weinig effect hebben op ziekte-inzicht. Voor 
het vinden van succesvolle interventies om ziekte-inzicht te verhogen, is het belangrijk 
om een beter beeld te krijgen van de hersengebieden die betrokken zijn bij ziekte-
inzicht. Dit kan ons informeren bij behandelingen waarbij specifieke hersennetwerken 
gestimuleerd kunnen worden, zoals bijvoorbeeld neurofeedback, het trainen van 
specifieke cognitieve functies of mindfulness meditatie. In dit proefschrift beschrijf 
ik daarom of de verschillen in inzicht tussen personen verklaard kunnen worden door 
verschillen in de hersenen. 

Samenvatting resultaten proefschrift

Een meta-analyse waarin we resultaten van verschillende neuroimaging studies 
hebben geïntegreerd, liet afwijkingen zien in verschillende gebieden verspreid over 
het brein in patiënten met schizofrenie en verminderd ziekte-inzicht (zie Figuur 1). 
Samengevoegd wijzen deze studies op problemen in de communicatie tussen 
verschillende hersengebieden. Daarnaast bleken de frontale hersengebieden een 
belangrijke rol te spelen in verminderd ziekte-inzicht. Resultaten van twee patiënt-
studies, die in dit proefschrift beschreven zijn, bevestigen dit. In de eerste studie 
vonden we aanwijzingen voor verminderde communicatie van de prefrontale 
cortex met de rest van het brein. In een tweede studie onderzochten we andere 
hersengebieden en vonden we afwijkende activatie van, en communicatie tussen, 
gebieden behorend tot een hersennetwerk dat betrokken is bij cognitief-emotionele 
controle en het visueel verwerken van negatieve emotionele informatie. In onze 
laatste patiënt-studie vonden we dat grijze stof netwerken minder verdeeld zijn 
in kleinere subnetwerken in patiënten met schizofrenie vergeleken met gezonde 
personen en dat dit in de patiëntgroep gerelateerd is aan verminderd ziekte-inzicht. 
Deze patiëntstudies wijzen dus allen op problemen in de communicatie tussen 
verschillende hersengebieden in verminderd ziekte-inzicht, die mogelijk te verklaren 
is door een afwijkende organisatie van hersennetwerken.

Naast ziekte-inzicht, hebben we nog twee specifieke processen onderzocht 
die mogelijk ten grondslag liggen aan ziekte-inzicht, namelijk het vermogen tot 
zelfreflectie en het openstaan voor feedback van anderen door niet te rigide vast te 
houden aan de eigen (incorrecte) opvattingen. In een studie met gezonde personen, 
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vonden we dat mensen met een verminderd vermogen tot zelfreflectie minder 
stabiele hersennetwerken hebben, zowel qua hersenfunctie als -structuur. Daarnaast 
brengen ze meer tijd door in een hersennetwerk waarvan gedacht wordt dat het 
betrokken is bij dagdromen.

Figuur 1: mediaal en lateraal aanzicht van het brein met visualisatie van gebieden die significante 
associaties vertonen tussen hersenstructuur en ziekte-inzicht. 

Conclusies

Dit onderzoek naar verschillen in de hersenen van mensen met verschillende mate 
van inzicht levert niet alleen informatie over de hersengebieden die betrokken 
zijn bij verminderd ziekte-inzicht, maar draagt ook bij aan een beter begrip van de 
hersenprocessen die mogelijk belangrijk zijn voor ziekte-inzicht. Deze informatie is 
belangrijk voor het ontwikkelen van nieuwe interventies voor patiënten met schizofrenie 
en het verbeteren van de levenskwaliteit van deze groep patiënten. Indien deze 
resultaten ook gevonden worden in andere studies, zouden toekomstige behandelingen 
zich kunnen richten op het versterken van activatie van hersennetwerken die belangrijk 
zijn voor ziekte-inzicht (e.g. door neurofeedback) of het verminderen van activatie van 
het hersennetwerk wat betrokken is bij dagdromen (e.g. door mindfulness meditatie 
training).
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Insight is impaired in the majority of patients with schizophrenia. This group of patients 
– more or less – does not consider themselves to be ill and does not recognize the 
need for treatment. The negative outcomes are immense: they have more problems 
sticking to medication, a lower quality of life and poorer outcome in general, compared 
to patients with good insight.

Studies in this dissertation showed that abnormalities of numerous brain regions across 
the brain are associated with impaired insight. This suggests that to have good insight, 
several complex brain functions have to work unimpededly. That requires orchestrated 
communication of numerous brain regions across the brain. We also investigated 
an ability that might be important for having insight, namely self-reflectiveness. 
Our findings show that brain networks of individuals with lower self-reflectiveness 
abilities are less stable with regard to brain function and structure. On the other hand, 
one network was overly present in individuals with lower self-reflectiveness. This is 
a network that is activated when an individual is not engaged in a task, and that has 
been shown to be involved in mind wandering.

The results of this thesis are important for guiding future treatments of impaired 
insight such as: 1) strengthening networks that are important for insight, or 2) 
diminishing function of mind wandering networks. The first could be achieved with 
the incorporation of several aspects of therapies into treatment that aim to improve 
neurocognitive, social cognitive and metacognitive functions, while the latter could be 
achieved with mindfulness meditation training. 
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Korte Nederlandstalige samenvatting 
(short Dutch abstract)

Verminderd ziekte-inzicht komt voor bij 50-80% van mensen met schizofrenie. 
Dit houdt in dat deze groep - in meer of mindere mate - zichzelf niet ziek vindt en 
behandeling niet nodig vindt. De negatieve gevolgen zijn groot: ze houden zich minder 
goed aan de behandeling, hebben een lager algeheel welzijn en een slechtere prognose 
vergeleken met patiënten met beter ziekte-inzicht. Het is daarom belangrijk om een 
beter beeld te krijgen van de hersengebieden die betrokken zijn bij ziekte-inzicht. Dit 
kan ons informeren bij behandelopties gericht op het functioneren van specifieke 
hersennetwerken. 

Verschillende studies in dit proefschrift lieten afwijkingen zien van gebieden verspreid 
over het brein bij mensen met slechter ziekte-inzicht. Dit wijst erop dat ziekte-inzicht 
waarschijnlijk complexe hersenfuncties vereist die niet beperkt zijn tot specifieke 
hersengebieden, maar waarvoor communicatie tussen hersengebieden over het gehele 
brein essentieel is. Naast ziekte-inzicht, hebben we nog een proces onderzocht dat 
mogelijk ten grondslag ligt aan ziekte-inzicht, namelijk het vermogen tot zelfreflectie. 
In een studie met gezonde personen, vonden we dat mensen met een verminderd 
vermogen tot zelfreflectie minder stabiele hersennetwerken hebben, zowel qua functie 
als structuur. 

Indien de resultaten in dit proefschrift gerepliceerd worden in patiënten, zouden 
toekomstige behandelingen zich kunnen richten op het versterken van netwerken 
die belangrijk zijn voor inzicht (bijvoorbeeld door het trainen van complexe cognitieve 
functies) of het verminderen van activatie van het hersennetwerk wat betrokken is bij 
dagdromen (bijvoorbeeld door mindfulness meditatie training).
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Tien jaar geleden kwam ik bij toeval in het neuroimaging veld terecht nadat ik de 
keuze kreeg of ik voor mijn wetenschappelijke stage ‘neuroimaging-onderzoek’ wilde 
doen of ‘iets met muizen’ (dit is mijn herinnering, de daadwerkelijke beschrijving 
was ongetwijfeld wetenschappelijker...). Tijdens deze stage werd mijn interesse in 
het brein gewekt, en die is de afgelopen jaren alleen maar toegenomen. Hier wil ik 
iedereen bedanken die op enigerwijze invloed heeft gehad op de weg die ik gelopen 
heb; sommigen hebben mijn koers veranderd, anderen hebben me veel geleerd of het 
proces leuker of makkelijker gemaakt.

Als eerst wil ik alle mensen bedanken die hebben meegedaan aan onze onderzoeken. 
Deelname aan MRI-onderzoek is een hele investering en ik ben erg dankbaar dat 
zoveel mensen bereid zijn geweest om voor de onderzoeken de scanner in te gaan. 
Daarnaast wil ik graag mijn promotor André en copromotor Brani bedanken. André: 
bedankt voor je vertrouwen en je steun om mijn eigen keuzes te maken tijdens mijn 
promotietraject. Ik ben heel blij met de vrijheid die je me gaf en dat je daarnaast 
altijd bereikbaar was voor advies als ik vastliep. Ik heb gedurende mijn gehele 
promotietraject het idee gehad dat je achter me stond en dat ik voor advies of 
oplossingen bij je terecht kon als het tegen zat. Ook geef je je promovendi veel kansen 
om naar cursussen en congressen te gaan en internationale contacten op te doen, 
daar ben ik je heel dankbaar voor.

Dear Brani: thank you for your optimism, your always patient explanations, and, most 
of all, for your encouraging words. You are a strong personality and an excellent 
researcher, and I appreciate your clear advice and guidance whenever I felt lost or 
stuck. I have learned a lot from you over the past years and I really appreciate all your 
explanations of methods, physics and mathematical stuff. Also, thank you for just 
blatantly telling me that I should take a day off, and for your casual stops by our room 
to just chat or check how things were going.

Remco en Jan-Bernard, zonder jullie had mijn proefschrift er heel anders uit gezien. 
Remco, heel erg bedankt voor de leuke discussies en alle uitleg. Ik hoop dat ik het 
je niet te moeilijk heb gemaakt met mijn oneindige vragen en wensenlijstjes. Jij 
hebt het mij zeker (nog) moeilijker gemaakt om te stoppen met analyses en verder 
te gaan met andere dingen (schrijven!). Je enthousiasme werkt aanstekelijk en 
analyses gaan significant beter met jouw betrokkenheid (met permutatietesten 
getest uiteraard). Jan-Bernard, heel erg bedankt voor alle hulp, niet alleen wat 
betreft programmeren en alles werkend krijgen op het rekencluster maar ook wat 
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betreft het opzetten van mijn dataverzameling, alle (fMRI-)taken werkend krijgen 
en de nodige mentale ondersteuning. Het gemak en de snelheid waarmee jij scripts 
schrijft en problemen oplost, blijft me verbazen.

Daarnaast ook dank aan Leonie Bais, Edith Liemburg, Lisette van der Meer, 
Marieke Pijnenborg, Jorien van der Velde en Annerieke de Vos dat ik jullie data heb 
mogen gebruiken voor de patiëntenstudies in mijn proefschrift. Sinds mijn eigen 
dataverzameling begrijp ik hoeveel tijd, planning en voorbereiding het kost om data 
te verzamelen (en nog meer bij patiëntenstudies!) en ik ben heel dankbaar dat ik 
jullie data mocht gebruiken voor mijn proefschrift. Dank voor jullie bijdragen aan de 
manuscripten; ook dank aan Rikus Knegtering hiervoor. Pengfei Xu, thank you for your 
meta-analyses contributions. Verder wil ik onderzoeksassistenten Anke, Chantal, Ella, 
Fleur, Hanna, Janniek, Joost, Joyce en Matthieu heel erg bedanken voor de hulp met 
de dataverzameling, zonder jullie was het me zeker niet gelukt. I am also very thankful 
to Joana Cabral and Betty Tijms for sharing their analyses methods and code, and 
for providing valuable feedback on the manuscripts. Furthermore, I would like to 
thank Julia Crone for her career advice and much appreciated feedback. Additionally, 
I would like to thank professor Christian Beckmann, professor Richard Bruggeman and 
professor Veena Kumari for the assessment of this thesis.

Mijn kamergenoten van de afgelopen jaren wil ik bedanken voor de gezelligheid en 
dat we onze (onderzoeks)triomfen en frustraties konden delen: Manon, Shankar, 
Hui, Sahar, Leonie, Mieke, en later Rozemarijn, Elise en Saskia. Manon, we begonnen 
tegelijkertijd aan onze promotietrajecten en ik vond het heel fijn om iemand te 
hebben om lief en leed mee te delen al die jaren. Je bent heel gedisciplineerd 
en hardwerkend en ik hoop dat je het naar je zin hebt nu je een nieuwe weg 
in bent geslagen. Shankar, it was great having you as a roommate and I really 
enjoyed our discussions. Elise, Rozemarijn en Saskia, ik ben heel blij dat jullie mijn 
paranimfen willen zijn! Na heel wat maanden (meestal) alleen op een kamer, was 
het een fijne verandering om weer kamergenoten te hebben. Elise, ik vond het 
leuk dat je regelmatig even kwam buurten en dat we later kamergenoten werden; 
bedankt voor de gezelligheid, sightseeing in vrije tijd naast congressen, en de leuke 
gesprekken. Rozemarijn, ik heb veel bewondering voor je doorzettingsvermogen, je 
werkt keihard en laat je niet weerhouden door tegenslagen. Daarnaast ben je ook 
altijd heel attent en weet je precies wat er gaande is bij iedereen, bedankt daarvoor! 
Saskia, ik vind het heel knap hoe je heel zelfstandig je project hebt opgezet en 
overziet. Je bent niet van je stuk te brengen en gaat altijd enthousiast door. Laura, 
alhoewel je nooit mijn kamergenoot bent geweest, wil ik jou ook hier noemen. We 
kwamen elkaar tegen op het NIC tijdens onze masters; sindsdien hebben we veel 
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lief en leed gedeeld en zijn er heel wat borrels, lunches en speeldates met de 
kinderen gepasseerd. Ik heb onze gesprekken over werk en ‘niet-werk’ altijd heel 
erg gewaardeerd, bedankt daarvoor!

Verder ook dank aan de andere collega’s op het Cognitive Neuroscience Center voor de 
nodige afleiding in de vorm van (PhD-)lunches, drankjes en congressen: Anne, Alban, 
Annerieke, Claire, Edith, Elouise, Haiyeng, Hanneke, Heleen, Hinke, Ilse, Jassy, Joana, 
Jelle, Katharina, Leonie Bais, Liwen, Marc, Marieke, Marjorie, Marlijn, Michelle, Nicky, 
Nena, Pengfei, Ruud, Sander, Sandra, Shereif, Sjoerd, Sonsoles, Tania, Thania, Theresa 
en Yuanyuan. Esther, ik vond het heel jammer dat je weg ging bij het NIC. Ik kon altijd 
even bij je binnenlopen voor een vraag en je kwam regelmatig even bij ons langs om 
te vragen hoe het ging, dat heb ik heel erg gewaardeerd! Marie-José, heel erg bedankt 
voor je feedback op het sMRI-manuscript en mijn postdoc-sollicitatie presentatie. Het 
is heel indrukwekkend hoe jij zonder zichtbare moeite alles naar een hoger niveau weet 
te brengen. Anita en Judith, heel erg bedankt voor jullie hulp om de dataverzameling 
rond te krijgen. Ik weet dat mijn dataverzameling (of ik...) veel van jullie vroeg en zonder 
jullie hulp was het nooit gelukt. Hedwig, jij ook bedankt voor jouw hulp en dat je altijd 
beschikbaar was voor een praatje als ik even wat afleiding kon gebruiken.

Tot slot, familie en vrienden: bedankt voor de noodzakelijke afleiding (en ondersteuning) 
tijdens dit promotietraject! Ik had het nodig, vooral aan het einde. Voor mijn 
schoonfamilie, bedankt voor jullie steun; jullie gezin is als een warm bad. Voor mijn 
ouders, bedankt dat jullie ons altijd alle kansen gegeven hebben en ons gestimuleerd 
hebben om die ook te pakken. Het is heel fijn dat jullie altijd voor ons klaar staan. 
Lieve Jonathan: ten eerste, hierbij de welverdiende (!) credits voor het maken van veel 
figuren in dit proefschrift. Zonder jou had dit proefschrift er (letterlijk) heel anders uit 
gezien. Ten tweede: bedankt dat je me altijd helpt om alles in een ander perspectief te 
zien, mijn #1 coach bent en mij in evenwicht houdt. Ik ben heel blij dat we samen (met 
onze lieve Noor!) een nieuw avontuur in Duitsland zijn aangegaan.
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