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ABSTRACT
EFFECT OF COVID-19 INFECTION ON THE DEVELOPING BRAIN: PSYCHOSIS

PRONENESS AND WORKING MEMORY ACTIVATION

Sozan, Sara Sinem
M.A. in Psychology

Supervisor: Prof. Dr. Timothea Toulopoulou

Researchers have been investigating the effects of Covid-19 infection since late 2019.
Symptoms caused by the SARS-Cov-2 virus varied from respiratory system failure to
fatigue, brain fog and headaches. Studies showed that the infection leads to cognitive
impairment and psychotic-like symptoms even after recovery. Literature has focused on
hospitalized adult patients, and there is less information on how the developing brain
exposed to the virus is affected. To address these gaps in the literature we investigated
whether Covid-19 can be a risk factor for psychosis in adolescents and young adults. Forty
individuals who were infected with Covid-19 and recovered at least two and at most four
months before and 36 demographically matched controls were recruited in the study.
Positive PCR test results confirmed the infection status of the participants. Subclinical
psychosis was assessed using the Community Assessment of Psychic Experience (CAPE-
42) questionnaire and the Structured Interview of Schizotypy - Revised (SIS-R) was used
to assess psychotic-like symptoms. A functional magnetic resonance imaging was
conducted during a well-known working memory task to investigate activation patterns.

The working memory task involved seven tasks and a control motor task. Verbal fluency
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performance was assessed in both phonetic and semantic categories. In order to control
for the confounding effects of additional environmental risk factors for psychosis, paternal
age, years of urban upbringing, cannabis exposure, and ethnicity were also considered.
The findings revealed that although the two groups did not differ across different
dimensions of the CAPE-42, the infected group had higher restricted affect and referential
thoughts of being watched. Individuals infected with SARS-Cov-2 performed worse in
both categories of the verbal fluency task. fMRI analysis revealed that individuals infected
with the SARS-Cov-2 virus showed activation differences in the prefrontal cortex, medial
temporal gyrus, middle frontal gyrus, and inferior parietal gyrus. Higher performance in
the verbal fluency task predicted greater activation during the working memory task.
These results suggest that exposure to the Covid-19 infection during brain development

can be an environmental risk factor for psychosis.

Keywords: Covid-19 infection, psychosis risk, psychosis proneness, functional magnetic

resonance imaging, working memory
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OZET
COVID-19 ENFEKSIYONUNUN GELISMEKTE OLAN BEYIN UZERINDEKI

ETKISI: PSTKOZ YATKINLIGI VE CALISMA BELLEGI AKTIVASYONU

Sozan, Sara Sinem

Yiiksek Lisans, Psikoloji

Tez Danismani: Prof. Dr. Timothea Toulopoulou

2019’un sonlarindan bu yana Covid-19 enfeksiyonunun etkileri arastirilmaktadir. SARS-
Cov-2 virlisiiniin neden oldugu semptomlar, solunum sistemi yetmezliginden, yorgunluk,
beyin sisi ve bas agrilarina kadar gesitlilik gostermektedir. Calismalar, enfeksiyonun ayni
zamanda, iyilesmenin ardindan dahi bilissel bozukluklara ve psikoz benzeri semptomlara
yol agtigmi gostermektedir. Literatiirdeki caligsmalar ¢ogunlukla hastane yatisi olan
yetigkin hastalara odaklanmistir ve virlise maruz kalan geng bireylerde, gelismekte olan
beynin nasil etkilendigi konusunda az bilgi bulunmaktadir. Bu ¢alismada, literatiirdeki bu
eksiklikleri ele almak i¢in Covid-19’un ergenlerde ve geng yetigkinlerde psikoz i¢in bir
risk faktorii olup olmadig arastirilmistir. Calismaya Covid-19 enfeksiyonu gegirip en az
iki en fazla dort ay Once iyilesmis olan 40 birey ve demografik olarak eslestirilmis 36
kontrol katilimcist dahil edilmistir. Katilimcilarin enfeksiyon durumu pozitif PCR test
sonucu ile dogrulanmigtir. Subklinik psikoz, Toplumda Psisik Yasantilar1 Degerlendirme
Olgegi (CAPE-42) kullanilarak degerlendirilmistir. Psikoz benzeri semptomlarin
degerlendirilmesi i¢in Sizotipi i¢in Yapilandirilmig Goriigme- Gozden Gegirilmis Form
(SIS-R) kullanilmistir. Beyin aktivasyonu farkliliklarini arastirmak icin iyi bilinen bir

calisma bellegi testi sirasinda fonksiyonel manyetik rezonans goriintiileme teknigi
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kullanilmistir. Calisma bellegi testi 7 adet gorev ve bir kontrol motor gorevi igermektedir.
Sozel akicilik performansi hem fonetik hem de semantik kategorilerde degerlendirilmistir.
Psikoz icin ¢evresel risk faktorlerinin etkilerini kontrol etmek igin baba yasi, kent
yasantisi, esrar kullanimi ve etnik koken gibi faktorler de dikkate alinmigtir. Bulgular, iki
grubun CAPE-42’nin farkli boyutlarinda farklilik géstermemesine ragmen, enfeksiyon
geciren grubun daha yiiksek sinirli duygulanim ve izlenme diisiincelerine sahip oldugunu
ortaya koymustur. SARS-Cov-2 viriisiine maruz kalan kisiler, sozel akicilik testinin hem
fonetik hem de semantik kategorilerinde daha diisiik performans gostermistir.
Fonksiyonel manyetik rezonans analizi, enfekte olan kisilerde prefrontal korteks, medial
temporal girus, medial frontal girus ve inferior parietal girusta aktivasyon farkliliklari
gosterdigini ortaya koymustur. Sozel akicilik testinde daha yiiksek performans, ¢alisma
bellegi testi sirasinda daha yiiksek aktivasyon ile korelasyon gostermistir. Bu sonuglar,
Covid-19 enfeksiyonuna maruz kalmanin psikoz i¢in bir c¢evresel risk faktorii

olabilecegini diisiindiirmektedir.

Anahtar kelimeler: Covid-19 enfeksiyonu, psikoz riski, psikoz yatkinligi, fonksiyonel

manyetik rezonans goriintiilleme, ¢aligma bellegi
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CHAPTER 1

INTRODUCTION

1.1 A Brief Overview on Covid-19 Infection

In late 2019, cases of pneumonia-like symptoms caused by a novel coronavirus (2019-
nCov, later called SARS-Cov-2) were reported in Wuhan, China, then spread around the
world quickly (Huang et al.,2020). Around thirty thousand people were infected in less
than two months, and hundreds of mortal cases were reported (Wu, Chen & Chan,
2020). This rapid spread of the infection is believed to have been caused by a lack of
knowledge about disease transmissibility and protection. Later it was discovered that
although the origin of the infection is zoonotic or animal-based, several reported cases
have confirmed that person-to-person contact is a serious agent for the spread of the
infection (Wu et al., 2020). The reported symptoms have varied from severe respiratory

system failure to mild headaches, brain fog, and fatigue.

Several scientific studies have been conducted to investigate the effects of the SARS-
Cov-2. There is strong evidence that Covid-19 infection is related to virus-induced
neuroinflammation, leading to anatomical and functional changes in the brain (Douaud
et al., 2022). This thesis aims to investigate whether these changes in the brain can be a

risk factor for psychosis and schizophrenia.



1.2 A Brief Overview on Brain Development and Psychosis Proneness

1.2.1 Psychosis and Working Memory

Psychosis is an altered state of the mind defined by symptoms such as delusions and
hallucinations. The American Psychiatric Association and The World Health
Organization define psychosis with an emphasis on the lack of insight into the
pathological nature of these symptoms (Arciniegas, 2015). Psychotic symptoms are seen
in several medical conditions, such as schizophrenia, schizoaffective disorder, and other
psychotic mental disorders such as brief psychotic disorder. A subset of the population
tends to develop psychotic symptoms due to genetic, developmental, or environmental

risk factors (Arciniegas, 2015).

Certain environmental factors such as being raised in an urban area, use of cannabis,
exposure to childhood trauma, prenatal and birth complications, late paternal age and
migration contribute to the risk for psychosis (Dean & Murray, 2022). For instance,
studies have shown that not only first-generation immigrants, but also second-generation
immigrants are at high risk for schizophrenia and other psychotic disorders (Bourque,
van der Van & Malla, 2011). Being raised in an urban area is associated with increased
risk for later development of psychosis (Fett, Lemmers-Jansen & Krabbendam, 2019).
Several explanations have linked urban upbringing to increased risk for exposure to
infection, cannabis use, discrimination, and social fragmentation (Stilo & Murray, 2019).
Exposure to abuse, neglect or trauma during childhood is associated to increased risk for
psychosis in adulthood, especially positive symptomatology including hallucinations

(Bentall et al., 2014). The interaction between these environmental and developmental



risk factors and genetic susceptibility is the most recent model for the emergence of

psychotic disorders (Toulopoulou et al., 2019).

Studies have shown that symptoms such as ideas of reference, unusual thought content,
impairment in maintaining attention, disturbances in processing information,
disorganized speech and perceptual impairment are significantly associated with

increased risk for later transition to psychosis (Demjaha et al., 2012).

Cognitive impairments often accompany psychotic disorders. Researchers have
indicated that cognitive impairment is not secondary to psychotic symptoms. The
genetically heritable nature of psychosis has led several scales to be developed to assess
the vulnerability in nonpatients. Individuals who scored higher on these scales show
similar psychological and neurocognitive impairments to those experienced by
schizophrenia patients (Horan, Reise, Subotnik, Ventura & Nuechterlein, 2008)

(Reichenberg, 2005).

Cognitive deficits are one of the key features of psychosis, working memory deficit
being particularly critical. Previous studies with psychosis patients and their unaffected
relatives have shown that deficits in working memory can indicate psychosis risk
(Zhang, Picchioni, Allen, & Toulopoulou, 2016; Pukrop et al., 2007). Interestingly,
healthy individuals with subclinical symptoms of psychosis (often referred to as
psychosis-proneness or schizotypy) show less prefrontal cortex activation and worse
performance in working memory. This finding suggests that individuals at risk of

psychosis show early signs in the absence of diagnosis. Indeed, Pukrop and colleagues



(2007) have shown that among individuals at risk for psychosis, those who later develop
psychosis show less brain activation and lower working memory performance when

compared to those who did not convert to psychosis.

Working memory is defined as a set of cognitive processes that include the encoding,
manipulation, and retrieval of information. This complex process requires several
cortical and subcortical regions, such as the prefrontal, parietal, and basal ganglia
(Trutti, Verschooren, Forstmann, & Boag, 2021). From late childhood to early
adulthood, selective activation of the brain regions related to a given task increases,
pointing to the peak maturation of the cortex (Casey, Tottenham, Liston, & Durston,
2005). Several studies investigated the regions activated during different working

memory stages in adult and adolescent brains.

1.2.2 Regions Associated to Working Memory Deficits Related to Psychosis
Working memory is prominently associated with activation in the frontal and parietal
regions of the brain. Studies have shown that prefrontal cortex (PFC) and parietal
regions are highly correlated with working memory processing (Zhang et al., 2016; Tan
et al., 2012). Previous literature has shown that dorsolateral prefrontal cortex (DLPFC)
is associated with integration, maintenance, and manipulation of information within
working memory while the connections between the DLFPC and subcortical regions
such as right and left caudate are associated with encoding information into working
memory (Chai, Abd Hamid & Abdullah, 2018). Another critical region in the higher

levels of working memory processing is the superior frontal gyrus (SFG). Studies have



shown that legions in the left SFG is associated to working memory impairments

(Boisgueheneuc et al., 2006).

Metanalyses have shown reduced activation in the right middle frontal and right inferior
frontal gyri seen in first-degree relatives of people diagnosed with schizophrenia
compared to healthy controls. Another significant finding is that while schizophrenia
patients tend to perform worse in working memory tasks, better performance (lower
number of errors and missed answers) is associated with increased activation in the
DLPFC within the patient group (Manoach et al., 2000). Studies have shown that
relatives of psychosis patients showed increased activation in the left inferior parietal
region compared to healthy controls pointing to the heritability of psychosis being

expressed via changes in cortical activation (Zhang et al., 2016).

Another region that is shown to be associated with working memory through
neuroimaging studies is the basal ganglia. According to the neurocomputational model,
basal ganglia are a gateway in the working memory process via circuits between the
prefrontal cortex and thalamus (Trutti et al.,2021). Neurocognitive studies have shown
that higher performance in a working memory task is associated with higher activity in
the prefrontal cortex and basal ganglia. An fMRI study by Yoon and colleagues (2013)
revealed that schizophrenia patients showed decreased activation in the basal ganglia,
specifically in left and right head of the caudate, and lower performance during a
working memory task when compared to healthy controls. During the encoding phase of
working memory, schizophrenia patients showed lower activation in the ventral

striatum, a subregion of the basal ganglia (Huang et al., 2019).



1.2.3 Verbal Fluency and Psychosis Proneness

Verbal fluency is another significantly impaired cognitive function in psychosis (Meijer
et al., 2011). It is typically assessed by asking individuals to retrieve words that belong
to a particular category and avoid repetition, thus utilizing executive function (Shao,
Jense, Visser & Meyer, 2014). Studies have shown that in individuals with a high
clinical risk for psychosis, negative symptoms are negatively associated with cognitive
impairment, specifically verbal fluency performance. (Leanza et al, 2018), indicating
that as the negative symptoms get severe, individuals perform worse in a verbal fluency

task.
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Figure 1.2.2.1: Although working memory is a complex process that engages multiple
regions of the brain, a simplified depiction of the multicomponent model for the regions
associated to working memory (Bradley, 2010, as cited in Chai, Abd Hamid &
Abdullah, 2018)



Meijer and colleagues (2011) have shown that lower semantic verbal fluency scores
significantly correlated with lower density in the gray matter volume in individuals at
high clinical risk for psychosis. Functional changes in the brain are also associated with
verbal fluency scores. For example, Holper and colleagues (2015) have shown that
during a verbal fluency task, individuals with higher subthreshold psychotic symptoms,
namely psychotic experiences that are clinically less severe or not relevant, show
decreased activation in prefrontal and temporal cortices. Becker and colleagues (2009)
found that verbal fluency performance in first episode psychosis patients and individuals
who are at high risk for schizophrenia did not differ significantly but both groups

performed worse compared to the healthy controls.

1.3 Infection as an Environmental Risk Factor for Psychosis

Infection has been hypothesized as a potential risk factor for the pathogenesis of
psychosis. Certain infectious agents such as toxoplasma and hepatitis C have been
studied regarding the relationship between infection and neuropathology (Benros &
Mortensen, 2019; Hartwig, Borges, Horta, Bowden, & Smith, 2017). Previous literature
shows that an infection that could affect the central nervous system could increase the

risk for psychosis by affecting protein synthesis (Kepinska et al.,2020).

Comer and colleagues (2020) have stated that postmortem investigation of medial
prefrontal cortex tissues of individuals with schizophrenia show changes in the gene
expression responsible for the blood-brain barrier permeability. As the blood-brain

barrier permeability increases, brain tissues could become vulnerable for infection that



could lead to psychosis. Retrospective studies have revealed a significant interaction
between admission to hospital due to infection during childhood and increased risk for
schizophrenia later (Debost et al., 2020), but this relationship’s direction needs further

investigation.

1.4 The Relationship Between Covid-19 Infection and Psychosis

Previous epidemics of respiratory system infections were associated with psychiatric
disorders, including psychosis (Igbal et al., 2020; Rogers et al., 2020; Troyer, Kohn &
Hong, 2020). Recent studies show that COVID-19 is also associated with an increased
risk for psychiatric disorders, particularly post-traumatic stress disorder and depression

(Torales, O’Higgins, Castaldelli-Maia, & Ventriglio, 2020).

Several studies and case reports have been published reporting individuals experiencing
brief periods of psychotic symptoms following infection with Covid-19 (Zulkifli,
Sivapatham, & Guan, 2020; Ferrando et al., 2020; Hellmuth et al., 2020; Parra et al.,
2020). Although it is still unclear whether the environmental stress created by the
pandemic, admission of higher doses of steroids during treatment (Brown et al., 2020),
or the infection with the virus itself is the main cause of these psychotic symptoms,
research has shown that infection with SARS-Cov-2 virus is significantly associated

with psychosis.

Aside from the viral infection itself, the SARS-Cov-2 pandemic had social, economic,
and psychological effects on individuals. In a study conducted by Kira and colleagues

(2021), researchers found that traumatic stress related to Covid-19 had significant and



direct effects on working memory and inhibition among Syrian refugees in Turkey. The

effect of Covid-19 on executive function is found to be independent of hospitalization.

1.5 The Relationship Between Covid-19 infection and Cognitive Impairment

With the novelty and broad scope of the symptoms, COVID-19 infection has been the
interest of several researchers since the pandemic. Several brain imaging studies were
conducted on the effects of the infection on the brain. Postmortem studies have found
structural abnormalities, including signal abnormalities and hemorrhagic lesions, in
individuals who died from the infection (Coolen et al., 2020; Kremer et el., 2020). An
important finding by Fischer and colleagues (2020) is that structural MRI scans revealed
hyperintensiticity and diffusion restriction of the basal ganglia, which is a region that is
significantly associated with working memory. Hypermetabolism in the frontoparietal
regions in the brain is also linked to cognitive decline and executive function deficits,
such as in working memory and verbal fluency, in individuals infected with the SARS-

Cov-2 virus (Hosp et al., 2021).

Hosp and colleagues (2021) have indicated that 18 of 26 patients infected with SARS-
Cov-2 showed cognitive impairment using an extended neuropsychological battery.
Hellmuth and colleagues (2021) observed executive function deficits in young and
middle-aged individuals who were not hospitalized after being tested positive for
COVID-19. A cross-sectional analysis by Mendez and colleagues (2021) revealed that
among 229 patients infected with the SARS-Cov-2 virus, more than half of those

experienced moderate impairment in at least one cognitive function, 34 percent of these



patients suffered from impaired verbal fluency, and 6 percent showed impaired working

memory performance.

Majority of the studies describing the neurocognitive effects of Covid-19 focus on
hospitalized patients, and the mean age of the participants in these studies do not
represent the peak of brain development. It has been shown that brain activation and
recruitment of different brain regions change significantly with age (Casey et al.,2005).
The scope of this thesis aims to investigate how SARS-CoV-2 affects the developing
brain in terms of cognitive functions, specifically of working memory and its
relationship to psychosis proneness. This thesis hypothesizes that individuals infected
with SARS-Cov-2 would perform worse in executive function tasks, specifically verbal
fluency and working memory, compared to non-infected controls. In addition, it is
expected that infected individuals would show less cortical activation during the
working memory task compared to the controls, indicating that Covid-19 infection can

be an environmental risk factor.

10



CHAPTER 2

METHODS

2.1 Participants

The current study involved 76 Turkish native speaking participants between the ages of
14 to 24 (M=17.68, SD=2.50). 34 of the participants are female, and 42 of them are
male. The experimental group of participants involved individuals who were infected
with SARS-Cov-2 (Covid-19) virus (n=40). The infection status of the participants were
confirmed by positive PCR outcome. Individuals who were infected with SARS-Cov-2
and recovered at least two and at most four months before the recruitment, were invited
to participate in the research through mailing lists and referrals form Ankara Sehir
Hospital, Departments of Child Infection and Child Psychiatry. All participants signed
an informed consent. Individuals under the age of 18 were recruited after verbal and
written consent from parents or legal guardians. The control group includes individuals
who were never knowingly exposed to the SARS-Cov-2 virus. The control data (n=36)
came from an earlier study called “Developmental Trajectory of Working Memory
Circuits in Adolescent and Young Adult Twins: Cortical maturation, environmental risk,
and the implications for schizophrenia and the implications for the vulnerability to
psychosis” at Bilkent University (Decision/Meeting No: Decision/Meeting No:
2016 08 02 01-; Project Number: 119k410, PI Toulopoulou). The control data were

collected prior to the start of the pandemic between July 2018 and January 2020.

11



2.2 Behavioral Data

2.2.1 Assessment of Psychosis Proneness
Psychosis proneness is assessed using the Community Assessment of Psychic
Experiences Inventory (CAPE) (Stefanis et al., 2002). Participants are asked to complete
the inventory in an isolated room. The scale includes three subscales: positive, negative,
and depressive. Each subscale involves two dimensions frequency and distress. CAPE-
42 has proven to be a valid and reliable scale, all three dimensions correlating with each
other and high validity in discriminating different aspects of psychosis proneness (Mark
& Toulopoulou, 2016) (Stefanis et al., 2002). Participants completed the revised version
of another well-known and validated inventory to assess schizotypy, Structured
Interview for Schizotypy-Revised (SIS-R) (Kendler, Lieberman & Walsh, 1989;
Vollema & Ormel, 2000). SIS-R includes questions for schizotypal personality traits
such as social anxiety, magical ideation, restricted affect, derealization, and
depersonalization. Participants were also assessed for psychosis-risk syndromes, using
Structured Interview for Psychosis-Risk Syndromes (SIPS) (McGlashan et al., 2001)
administered by a trained psychiatrist. SIPS includes a 19-item severity scale and items
that assess the disorganization, positive and negative symptoms of psychosis. SIPS has a

high reliability and validity (McGlashan et al., 2001).

2.2.2 Assessment of Environmental Risk Factors
Environmental risk factors are assessed using self-report and structured interview
questionnaires. Childhood experience of care and abuse questionnaire (CECA.Q) was
used to assess parental loss, physical abuse, neglect and sexual abuse by parents or

caregivers before the age of 17 (Bifulco, Bernazzani, Moran & Jacobs, 2005). Ethnicity,
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urban birth, use of cannabis and other drugs, paternal age and complications experience
by the mother during pregnancy and birth are assessed through structured interview. The
aggregated score is calculated for the total environmental risk score (ERS). Intelligence
coefficient (IQ) was also investigated as a control variable using Weschler Abbreviated
Scale of Intelligence, Second Edition (WASI-II) (Wechsler, 2011). The perceptual
reasoning was measured using the block design and matrix reasoning sections of the
WASI-II. A composite score was calculated, obtaining a composite perceptual reasoning

Score.

2.2.3 Assessment of Verbal Fluency
The assessment of verbal fluency included both semantic and phonetic verbal fluency.
Semantic verbal fluency task required participants to list as many names as possible
belonging to a category in one minute. The categories used in this assessment are
“animals” and “fruits”. For the phonetic verbal fluency task, participants listed as many
names as possible stating with letters “A” and “S” in one minute. Proper names of
people and places were excluded during the data analysis. Similarly, repetition of the

same word was also excluded from the analysis.

2.3  Cognitive Paradigm

For this study, a well-known and validated working memory task (Tan et al., 2007; Tan
et al., 2012) was used. An event-related design was used to prevent the predictability of
events in the working memory task. The events in the working memory paradigm
consisted of the estimate without working memory (J) in which participants make a

numerical judgement without any mathematical computations (e.g 9 vs. 5),
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compute/estimate without working memory (C.J.) where participants make a numerical
judgement after doing a mathematical computation (e.g. 9-2 vs. 5), estimate after
encoding (E_RJ) required participants see two digits and have to memorize these before
making a numerical judgement (e.g. 9 vs. 5 followed by a fixation point), in
compute/estimate after encoding (E_CJ), participants do a numerical judgement based
on the two digits they memorized before the numerical computation, estimate after
compute during encoding (CE_RJ) included memorizing the result of the mathematical
computation then making a numerical judgement (e.g. 9-2 vs. 5 followed by a fixation
point), and control motor task (M) where participants need to press the button on the
side that is shown in the screen. For each event, two single digit numbers were displayed
on the Telemedicine screen. Participants are asked to make a numerical decision based
on the single digit numbers by pressing the buttons, either on the left or the right side.
The events were randomized and counterbalanced in terms of appearance so that each
event was displayed during the working memory task. The larger and smaller
instructions were also randomized and counterbalanced. The numbers on each event
were randomly generated. The appearance of the manipulation on the right and left was
counterbalanced as well. Accuracy of the participants’ answers and reaction times were

also recorded as behavioral data.
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Figure 2.3.1: Demonstration of tasks within the cognitive paradigm. The paradigm

Smaller?

contains estimation without working memory (J), computation and estimation without
working memory (CJ), estimation after encoding (E_RJ), computation and estimation
after encoding (E_CJ), estimation after computation during encoding (CE_RJ), control

motor task (M).

24 MRI Scanner

A 3-Tesla Siemens Magnetom Trio MRI Scanner is used for the acquisition of the
anatomical images and whole brain functional MRI data. A 32-channel head coil was
used to apply radio frequency (R.F.) pulses and to provide full brain coverage. While the
participants were in the scanner, the stimuli for the working memory task were presented

using a telemedicine LCD screen and a mirror placed over the head coil. A fiber optic
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response box was used to record the participants’ responses onto a Microsoft Excel

document.

2.5  Acquisition of Functional Images

BOLD functional data of the whole brain were acquired using T2* weighted echo-planar
pulse sequence [T.E. 30 ms, T.R. 2 s]. An ascending interleaved pattern for 24 slices of
the whole brain was used. The functional images were acquired while the participants
engaged in a working memory task that took 11 minutes and 42 seconds to complete.
The trigger signal from the MRI scanner starts the task to synchronize BOLD signal and

the onset time of each event in the working memory task.

2.6  Analysis of Functional Images

2.6.1 Preprocessing
Structural and functional magnetic resonance imaging data were stored as raw DICOM
files on the MRI scanner console. These files are converted into NIFTI using SPM12
implemented in MATLAB2020a to be able to preprocess the images. Converted NIFTI
images for each participant were aligned with the middle volume of the series. Slice time
correction was applied to correct for the delays caused by the interleaved slice
acquisition. Motion correction is applied to correct for excessive head movement. Due to
the nature of voxel size (3.5 mm X 3.5 mm X 5 mm), exclusion criteria for excessive
movement are determined as translation larger than 2 mm and rotation larger than 2
degrees deviation from the middle volume (Tan et al., 2007; Tan et al., 2012). 10 of the
participants were excluded due to excessive head movement. The functional images

were warped to high resolution anatomical images and spatially normalized into MNI
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(Montreal Neurological Institute) template and smoothing is applied. Each step of the

preprocessing is applied to all participants in the study.

Experimental Condition

Numerical Size Judgement (J — M)

Numerical Computation outside
Working Memory (CJ —J)
Retrieval from Working Memory
(E_RJ-M)

Computation in Working Memory
(E_CJ-E_RJ)

Integration of Information within
Working Memory (E_CJ — CJ)
Computation in Encoding (CdE)

Encoding into Working Memory €

Contrasts

Estimate without Working Memory — Control
Motor Task

Compute without Working Memory — Estimate
without Working Memory

Estimate after Encoding — Control Motor Task

Compute after Encoding — Estimate after
Encoding

Compute after Encoding — Compute without
Working Memory

Estimate/Compute during Encoding — Estimate
after Encoding

Encoding

Table 2.1: Cognitive Subtractions used for each contrast

2.6.2 Statistical Analysis

The functional magnetic resonance imaging data that underwent preprocessing was

applied to the General Linear Model using the SPM12 tool in MATLAB2020a. The

BOLD response in the entire cortex was analyzed based on the contrasts described above

using six different tasks. These contrasts represented the cognitive processes: numerical

size judgement (J-M); computation outside working memory (CJ-J); retrieval from

working memory (E_RJ-M); numerical computation within working memory (E_CJ-

E RJ); integration of information within working memory (E_CJ-CJ); encoding into
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working memory (E) and computation during encoding (CdE). Onset times and accuracy
of the answers for each task were extracted from the Microsoft Excel document using a
Python script. Correctly performed trials were included in the analysis. For the whole-
brain group-level comparison, an independent samples t-test was applied. Activation
patterns for each contrast were investigated separately using SPM12. The results for the
two-samples t-test analysis were viewed using the xjview toolbox

(https://www.alivelearn.net/xjview) on MATLAB R2021b. We investigated the main

effect of each contrast and tasks at a threshold of p<0.001, a commonly used threshold
for fMRI whole brain analysis (Bennet, Wolford & Miller, 2009; Cremers, Wager &

Yarkoni, 2017).

A region of interest (ROI) analysis was conducted to investigate the activation
differences in the regions associated with working memory. Regions of interest are
defined using Brodmann areas predefined in the SPM library. The main ROIs are: right
dorsolateral prefrontal cortex Brodmann Area (BA) 46, dorsolateral prefrontal cortex
(BA9), and the parietal cortex (BA 40 & 39 &7 (Cieslik et al., 2013; Tan et al., 2012). A
mask for the right and left caudate was also used as a region of interest. Earlier research
showed signal abnormalities in these regions after exposure to Covid-19 (Kandemirliet

al., 2020). For the ROI analysis, the mean activation of two groups was compared.
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CHAPTER 3

RESULTS

3.1 Analysis of Demographic Data

No significant age difference was found between the non-infected group (M=18.17,
SD=1.96) and the infected group (M=17.25, SD=2.85) as a result of the independent
samples t-test (t(74)=1.61, p=0.111). We also found no significant difference between
the gender distribution of the two groups (X?(1, N=76)=0.71, p=0.68). No significant
difference in intelligence was found between the control group (M=100.93, SD=13.04)
and the infected group (M=98.82, SD=13.27) after we conducted an independent

samples t-test (t(69)=0.68, p=0.50).

3.2 Analysis of Behavioral Data

An independent samples t-test was executed to compare the means scores for behavioral
assessment. Individuals who were infected with SARS-Cov-2 scored significantly lower
in the phonetic category (M=17.15, SD=7.82 ) when compared to individuals who were
not exposed to the virus (M= 21.41, SD=9.45; t(65)=2.01, p<0.05). In addition, infected
individuals scored lower in the semantic category of the verbal fluency test (M=32.43,
SD=8.60) in comparison to the non-infected individuals (M=36.60, SD=7.85; t(64)=2.05,

p<0.05). We found no significant difference in CAPE total score between the infected
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group (M=74.57, SD=17.34) and non-infected group (M=74.06, SD=15.91) as a result of
independent samples t-test (t(68)=0.57, p=0.90). In addition, CAPE negative, positive and
depressive dimension scores did not differ significantly between groups. There was no

significant difference between groups in terms of working memory performance.

To further investigate the relationship between psychosis proneness and SARS-Cov-2
infection, we compared scores of two groups for eleven dimensions of SIS-R.
Individuals infected with Covid-19 (M=1.46, SD=0.90) scored higher in restricted affect
when compared to the non-infected group (M=0.96, SD=0.79; t(52)=-2.15, p<0.05). In
terms of referential thinking, the infected group scored higher on referential thought of
being watched (M=1.15, SD=1.16) when compared to the control group (M=0.65,
SD=0.77; t(58)=-2.03, p<0.05).In other dimensions of the SIS-R scale, the groups did
not differ significantly. An independent samples t-test was conducted for the total
environmental risk factors where two groups did not differ in any subscale for the ERS

(t(53)=-0.53, p=0.60).
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Table 3.1.1: Demographics and environmental risk factors

Control Covid
N M SD % N M SD % X? F p

Participants 36 40
Age 18.17 1.96 1725  2.85 439 .11
Gender 171 .68

Female 17 47.22 17 42.50

Male 19 52.78 57.50

23
Education 3.144 .08
Middle 10 27.78 16 51.52
school
Highschool 26 72.22 17 48.48

Ethnicity 1.059 .30

Turkish 35 97.22 33 91.67

Other 1 2.78 3 8.33
Paternal Age 32.61 542 31.89 6.12 1.16 .60
Cannabis 3.877 14

No exposure 24 85.71 33 3.57

Moderate 1 3.57 1 2.97
exposure

High 3 10.71 0 0
exposure
Psychosis 1.471 48
Proneness

No proneness 28.57 28.57

Moderate 54.29 42.86
proneness

High 17.14 28.57
proneness
Years in Urban 15.07 3.90 15.97 1.34
Upbringing
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Table 3.2.1: Descriptive statistics and results for behavioral data

Control Covid
N M SD N M SD F p
Participants 35 35
CAPE-42
Total 74.06 15.91 74.57 17.34 329 .90
CAPE Score
Positive 30.60 6.04 30.09 7.24 1.476 .85
Dimension
Negative 28.11 8.37 28.06 7.68 152 .98
Dimension
Depressive 13.71 3.73 14.97 491 2.777 23
dimension
Verbal
Fluency
Phonetic 21.41 9.45 17.15 7.82 .837 05%*
Semantic 36.59 7.85 32.44 8.59 .010 04%*
Working 87.92 6.14 84.87 9.42 2.766 A1
memory
performance
Perceptual 100.94 13.04 98.82 13.27 .006 .50
Reasoning
Composite
Score

*:p<0.05, **:p<0.01
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Table 3.2.2: Descriptive Statistics and results for SIS-R scores

Control Covid
N M SD N M SD F P
Participants 34 26
Social Isolation A7 .61 .81 90 1.448 .09
Introversion 74 .86 1.04 92 .004 .19
Hypersensitivity 1.26 .93 1.23 1.07 1.99 90
Referential Thinking (Being .65 7 1.15 1.16 9.85 05*
watched)
Referential Thinking (Being 1.06 .60 1.15 92 11.89 .63
talked about)
Suspiciousness 1.35 .69 1.56 71 .000 27
Restricted Affect 91 75 1.46 .90 2496 .01%
Magical Ideation 1.11 .84 1.13 .80 .000 97
lusions 1.06 .60 1.36 75 6.773 .09
Psychotic Phenomena 74 75 .96 91 794 31
Derealization/Depersonalization 24 .61 31 .62 587 .65
Missing 2

*:p<0.05, **:p<0.01
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Figure 3.2.1: The comparative bar chart illustrates the SIS-Restricted Affect Scores
between two groups

Estimated Marginal Means of SIS_Referential Thinking 1 (Being Watched)
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Figure 3.2.2: The comparative bar chart illustrates the SIS-Referential Thinking (Being
Watched) Scores between two groups
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Figure 3.2.3: The comparative plot demonstrates phonetic verbal fluency scores between

two groups
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Figure 3.2.4: The comparative plot demonstrates the semantic verbal fluency scores
between two groups
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3.3 Task-Based Activation Results

In order to investigate differences in activation during the working memory task
between two groups (infected with SARS-Cov-2 vs. non-infected), an unpaired two-
samples t-test was conducted for each contrast. During numerical size judgment (J-M
contrast), individuals who were not exposed to the SARS-Cov-2 virus showed greater
activation in the parietal region when compared to the individuals who were infected
(peak 34 -38 50; t=3.59, p<0.001, uncorrected). In addition, greater activation in the
right temporal region was associated with numerical size judgment in the control group
(peak 62 -24 -10; t=3.81, p<0.001). No significant differences were found for activation
during computation without working memory across groups (CJ-J contrast). During
retrieval from working memory (E_RJ-M contrast), greater activation in the inferior
parietal region was seen in individuals who were not infected when compared to
individuals who were exposed to SARS-Cov-2 (peak 42 -34 32; t=3.30, p<0.001,
uncorrected). During numerical computation in working memory (E_CJ-E_RJ contrast),
activation patterns did not differ significantly across groups. Manipulation of
information in working memory (E_CJ-CJ contrast) was associated with greater
activation in the left parietal region in the control group when compared to the group
exposed to the virus (peak -52 -52 44; t=3.41, p<0.001). During encoding (E), the
control group showed greater activation in the left medial frontal gyrus when compared

to the infected group (peak -4 8 52, t=3.51, p<0.001, uncorrected).

We further investigated activation differences across individual tasks. During estimation
without working memory task (J), greater activation in the medial frontal gyrus was seen

in the control group when compared to the infected group (peak -4 8 52; t=3.55,
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p<0.001, uncorr.). In addition, greater activation in the middle temporal gyrus in the
control group was associated with the estimation without working memory task (peak 58
-20 -14; t=3.41, p<0.001). During computation and estimation without working memory
(CJ task), greater activation in the middle frontal gyrus was seen in the control group
when compared to the infected group (peak -36 12 32; t=3.91, p<0.001). Similarly,
computation and estimation after encoding (E_CJ task) is associated to greater activation
in the left middle frontal gyrus in the control group when compared to the infected group
(peak -42 10 32; t=3.81, p<0.001). In addition, greater activation is associated to
encoding in the left temporal region in the control group compared to the infected group
(peak -22 -66 18; t=3.43, p<0.001). Computation during encoding (CdE) was associated
to greater activation in the middle frontal gyrus in the control group when compared to

the infected group (peak -32 12 34; t=4.24, p<0.001, uncorrected).

The region of interest analysis revealed that during manipulation of information in
working memory, activation in the prefrontal cortex (BA9) did not differ across groups
(t(60)=0.20, SD=2.65, p=0.84). Activation difference across groups during encoding in
the left caudate (t(59)=1.82, SD=0.96, p=0.07) and the right caudate were not significant
(t(59)=1.43, SD=0.87, p=0.16). On the other hand, integration of information within
working memory is associated with increased activation in the prefrontal cortex in the
control group compared to the infected group (BA9) (t(60)=2.53, SD=1.86, p=0.01). The
ROI analysis also revealed that during retrieval of information from working memory,
activation patterns did not differ significantly in the parietal region (BA 39&40)

(t(60)=1.50, SD=1.52, p=0.14).
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To control for the effect of environmental risk factors, analysis of covariance was
conducted. We found that, there is a significant effect of Covid-19 infection on
activation during numerical size judgment controlling for paternal age, F(1,55)=13.0.5,
p=0.001, ethnicity, F(1,55)=12.31, p=0.001, cannabis exposure, F(1,49)=8.69, p=0.005,
and years of urban upbringing, F(1,49)=20.14, p<0.001. Covariance analysis revealed
that there was a significant effect of infection on retrieval from working memory when
we controlled for paternal age, F(1,55)=4.57, p=0.04, ethnicity, F(1,55)=5.44, p=0.02,
cannabis exposure, F(1,49)=5.54, p=0.02, and years of urban upbringing, F(1,49)=9.21,
p=0.004. We also found a significant effect of infection on computation during encoding

when we controlled for environmental risk factors, F(1,34)=7.97, p=0.008.

In order to investigate whether the differences in activation during working memory
between the groups reflect the difference in verbal fluency performance, we conducted a
linear regression analysis. We found that performance in semantic verbal fluency

significantly predicted activation in computation during encoding, F(1,59)=4.19, p<0.05.
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Figure 3.3.1: Increased activation in the right middle temporal gyrus in the control group
during estimation without working memory (J task)

z =30mm z = 34mm T value

Figure 3.3.2: Increased activation in the middle frontal gyrus in the control group during
computation and estimation without working memory (CJ task)
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z =30mm

z =34mm T value

Figure 3.3.3: Increased activation in the left middle frontal gyrus during computation
and estimation after encoding (E_CJ task) in the control group

Figure 3.3.4: Increased activation in the inferior parietal lobule in controls during
manipulation of information in working memory (E_CJ-CJ contrast)
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Z=32mm Z = 34mm Z =36mm T value

Figure 3.3.5: Increased activation in the middle frontal gyrus in individuals who are not
exposed to SARS-Cov-2 when compared to control participants during computation

during encoding (CdE contrast)

Figure 3.3.6: Greater activation in inferior parietal lobule in individuals who were not
exposed to SARS-Cov-2 in numerical size judgement outside working memory (J-M

contrast
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z = 50mm Z=52mm Z = 54mm T value

Figure 3.3.7: Greater activation in the medial frontal gyrus associated to encoding of
information in the control participants (E task)
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Table 3.3: Peak coordinates and results for Working Memory Task

Contrast X y z t P
Numerical Size Control>Covid 34 -38 50 3.81 <0.001
Judgement

Control>Covid 62 -24 -10 3.81 <0.001
Retrieval from Control>Covid 42 -34 32 3.30 <0.001
Working Memory
Manipulation of Control>Covid -52 -52 44 341 <0.001
Information in
Working Memory
Encoding Control>Covid -4 8 52 3.51 <0.001
Computation Control>Covid -32 12 34 4.24 <0.001
During Encoding
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CHAPTER 4

CONCLUSION AND DISCUSSION

This thesis aimed to explore whether individuals exposed to the SARS-Cov-2 virus in
the peak period of brain development, between the ages of 14 and 23, have altered brain
activation patterns during a working memory task in the regions known to be critical in
executive function, such as the dorsolateral prefrontal cortex, parietal lobule, and the
basal ganglia. Earlier research showed signal abnormalities in these regions after
exposure to Covid-19 (Kandemirliet al., 2020). A secondary aim was to inspect whether
there is an association between exposure to the virus and psychosis proneness. We
predicted that individuals infected with SARS-Cov-2 would have lower performance in
executive functions such as verbal fluency and working memory and lower brain

activation across several working memory tasks.

Previous studies have found that individuals infected with the SARS-Cov-2 virus
experienced cognitive impairment and psychotic-like symptoms in addition to the
clinical features of Covid-19 such as fatigue, brain fog, and respiratory system failure
(Hellmuth et al., 2021; Mendez et al., 2021). Even though there is evidence that Covid-
19 could lead to cognitive impairment and be a risk factor for psychosis, previous

studies focused on hospitalized and middle-aged individuals. We aimed to present
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evidence that the infection could be a risk for the developing brain, thus, we focused on

non-hospitalized adolescents and young adults.

Building on previous work investigating the psychological and neurological effects of
Covid-19, in the scope of this thesis, we aimed to investigate whether Covid-19 infection
could be an environmental risk factor in the emergence of psychosis. To present
evidence, we investigated brain activation under functional magnetic resonance imaging
during a well-known working memory task. We measured cognitive impairment using a
simple yet effective task, verbal fluency test that requires executive function. In addition,
we also investigated other environmental factors of psychosis such as ethnicity, paternal
age, and years of urban upbringing. The psychosis proneness of participants was

measured using reliable and valid measures such as CAPE-42 and SIS-R.

After conducting functional magnetic resonance imaging, we found activation
differences in the middle frontal gyrus, medial temporal region, prefrontal cortex, and
parietal region. Despite the shortage of studies focusing on task-based functional
imaging, previous studies have found signal abnormalities and hypometabolism in these
regions after the infection (Hosp et al., 2020; Kandemirli et al., 2020; Kremer et al.,
2020.) We found that individuals exposed to the virus showed decreased brain activation
in tasks requiring numerical size judgment, computation, and manipulation compared to
those who were never exposed to the virus. Although we did not find a significant
difference between groups for working memory performance, this could be related to the

design of the task. The working memory task is designed to measure the cortical
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activation as much as possible, thus merely pointing out the activation differences rather

than performance (Tan et al., 2007).

Although groups did not differ in intelligence, we found that individuals exposed to the
SARS-Cov-2 virus performed worse in both phonetic and semantic categories of the
verbal fluency task, and performance in verbal fluency is correlated with cortical
activation during working memory. Similarly, Mendenz and colleagues (2021) revealed
that after infection, a significant percentage of the patients showed impairment in verbal
fluency. Zhou and colleagues (2020) investigated the effects of Covid-19 on cognitive
functioning in recovered patients using several cognitive tasks measuring attention,
memory function, executive function, and perception. They found that even after

recovery, Covid-19 infection affects cognitive functioning.

Parra and colleagues (2020) indicated that the most prevalent symptoms after Covid-19
infection were delusions, prejudice, and referential beliefs. They reported that the
manifestation of these symptoms could correspond to a secondary psychotic episode
because of the absence of predisposing factors such as a family history of severe mental
illness, and substance abuse. Similarly, in the current study, although the environmental
risk factors of psychosis, such as cannabis use, paternal age, and urban upbringing, did
not differ across groups, individuals who were infected scored higher in restricted affect
and referential thoughts of being watched. Even though the two groups did not differ
significantly in terms of positive, negative and depressive symptomatology for psychosis
proneness, the difference between groups in restricted affect and referential thoughts

should be approached with caution.
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In previous literature, exposure to a virus is related to increased psychosis proneness.
There are several explanations for the relationship. There is evidence that the changes in
the genetic expression that increase the psychosis risk also led to changes in the blood-
brain barrier permeability, thus inducing increased vulnerability of the brain tissue to the
virus. Another related explanation is that an infection that affects the central nervous
system by affecting the synthesis of proteins related to schizophrenia, such as the N-
methyl-D-aspartate receptor, could increase the risk for psychosis (Kepinska et al.,
2020). In addition, it has been stated that the altered gene expression underlying
psychosis and schizophrenia might lead to a decreased ability of the blood-brain barrier
to isolate the virus, thus harming the central nervous system. Post-mortem studies
revealed signal intensity abnormalities in regions critical for executive function
(Kandemirli et al., 2020). Kremer and colleagues (2020) found that the most frequent
signal intensity abnormalities were located in the middle temporal lobe after infection
with Covid-19. We also found that infected participants had decreased activation in the

middle temporal gyrus during numerical size judgment.

On the other hand, Hosp and colleagues (2021) have stated that the cognitive decline
experienced by Covid-19 patients might not be due to cortical damage but might be
related to hypometabolism in the frontoparietal regions. In addition, Zhou and
colleagues (2020) indicated that the cognitive impairment in the recovered Covid-19
patients is significantly correlated to the CRP level, the protein which signals
inflammation in the body. These findings suggest that the inflammatory reaction is
closely related to both functional and structural damage to the brain and contributes to

understanding the effects of a disease that has worldwide effects.
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The current study investigated the changes in the developing brain due to Covid-19
infection by focusing on adolescents and young adults, using functional magnetic
resonance imaging. To our knowledge, most of the literature focused on structural
changes in hospitalized older adults. Several studies center on behavioral data, whereas
our study focuses on neuroimaging data which can broaden the knowledge about the
changes in the brain after infection. In addition, we examined more than one cognitive

function and included environmental risk factors for psychosis proneness.

The current study also has limitations. The small number of participants due to the strict
exclusion criteria and the case-control design of the study makes it difficult to draw a
strong causal relationship between Covid-19 and psychosis. It needs to be pointed out
that there is still a need for further investigation to discover the direction of the
relationship between Covid-19 infection and psychosis proneness. Future research might
need to explore how high genetic risk and Covid-19 infection interact when explaining

psychosis risk by investigating healthy relatives of individuals diagnosed with psychosis.

To conclude, the current thesis investigated whether Covid-19 infection could be a risk
factor for psychosis in the period of brain development. We investigated whether
infection is associated to activation changes in the brain and executive function
performance in addition to psychosis proneness in individuals between the ages of 14
and 23. The current study revealed that infection is related to activation changes in the
regions associated with working memory such as prefrontal cortex, medial frontal gyrus,

medial temporal gyrus, and inferior parietal lobule. Covid-19 infection was also
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associated to lower verbal fluency performance and higher psychotic-like experiences.
The findings of this thesis are in line with previous research pointing out that Covid-19

could pose a risk for later conversion to psychosis.
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APPENDIX

[J-M]Con>Cov

contrast
- < -—r
{Teol
0.5 1 1.5 2 2.5
Design matrix
Statistics: p-values adjusted for search volume

set-level cluster-level > peak-level > mm mm mm

P ¢ P FWE-corr qFDR-corr E puncorr pFWE-corr qFDR-corr ( E) P uncorr
0.018 9 0.259 0.349 69 0.078 0.395 0.691 4.07 3.81 0.000 62 -24 -10
0.033 0.077 175 0.009 0.631 0.691 3.81 3.59 0.000 34 -38 50
0.724 0.691 3.71 3.50 0.000 44 -28 42
0.916 0.859 5 0.641 0.857 0.711 3.54 3.36 0.000 10 -28 36
0.964 0.859 1 0.859 0.871 0.711 3.51 3.34 0.000 -28 -48 34
0.964 0.859 1 0.859 0.876 0.711 3.51 3.33 0.000 -34 -18 36
0.904 0.859 6 0.605 0.899 0.711 3.47 3.30 0.000 -22 -30 58
0.940 0.859 3 0.729 0.932 0.780 3.40 3.24 0.001 -8 -14 66
0.916 0.859 5 0.641 0.959 0.843 3.32 3.17 0.001 6 -4 42
0.964 0.859 1 0.859 0.962 0.843 3.31 3.16 0.001 22 -64 14
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Statistics: p-values adjusted for search volume
set-level cluster-level peak-level > mm mm mm
P ¢ P FWE-corr qFDR-corr puncorr pFWE-corr qFDR-corr ( E) puncorr
0.896 2 0.825 0.860 0.453 0.893 0.819 3.47 3.30 0.000 42 -34 32
0.963 0.860 0.860 0.937 0.819 3.38 3.22 0.001 -32 -46 32
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Statistics: p-values adjusted for search volume
cluster-level peak-level mm mm mm
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0.670 0.389 22 0.389 0.705 0.429 3.60 3.41 0.000 -52 -52 44
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Design matrix
Statistics: p-values adjusted for search volume
set-level cluster-level - peal;- level > MM Mmm mm
P ¢ pFWE—corr qFDR»corr puncorr pFWE—corr qFDR»corr ( E) puncorr
0.008 9 0.199 0.438 89 0.066 0.031 0.085 4.97 4.53 0.000 -32 12 32
0.388 0.438 53 0.146 0.345 0.380 4.08 3.82 0.000 -18 2 58
0.340 0.438 60 0.124 0.346 0.380 4.08 3.81 0.000 -4 852
0.857 0.872 8 0.579 0.866 0.816 3.46 3.29 0.000 14 -52 46
0.895 0.872 5 0.671 0.889 0.816 3.42 3.26 0.001 -18 -54 30
0.920 0.872 3 0.753 0.911 0.816 3.38 3.22 0.001 30 -34 32
0.947 0.872 1 0.872 0.929 0.816 3.34 3.19 0.001 -22 -62 16
0.947 0.872 1 0.872 0.935 0.816 3.33 3.17 0.001 36 -32 38
0.933 0.872 2 0.805 0.936 0.816 3.32 3.17 0.001 34 -32 30
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Design matrix
Statistics: p-values adjusted for search volume
set-level cluster-level ) peak-level > MM mm mm
P ¢ pFWE-corr qFDR-corr puncorr pFWE-corr qFDR-corr ( E) puncorr
0.398 4 0.489 0.812 41 0.209 0.516 0.548 3.86 3.63 0.000 -4 852
0.913 0.812 3 0.761 0.585 0.548 3.78 3.57 0.000 14 -52 48
0.837 0.812 9 0.566 0.829 0.574 3.50 3.32 0.000 -22 -66 20
0.926 0.812 2 0.812 0.841 0.574 3.48 3.31 0.000 16 18 32
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