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ABSTRACT

Background: Schizophrenia (SZ) and bipolar disorders (BD) are often correctly
diagnosed only years after the initial manifestations. Brain imaging may provide
support for early differential diagnosis, but is complicated by marked heterogeneity
of results between studies. Obesity, dyslipidemia and insulin resistance (IR) are
frequent in  psychiatric disorders and may contribute to brain
alterations/heterogeneity. We studied BD and SZ in different stages of illness and
specifically investigated the effects of metabolic parameters on brain structure and
function. Methods: In Study 1 we used machine learning algorithm to estimate the
individual brain age from MRI scans of 120 participants with first episode
schizophrenia (FES) and 114 controls. We calculated the brain age gap
(BrainAGE) score by subtracting the chronological age from the brain age. We
also performed voxel-based morphometry (VBM) study to localize obesity or
psychosis related pathology. In Study 2, we acquired biochemical and cognitive
measures from 100 euthymic BD patients and explored the association between IR
and memory. In Study 3, we explored differences in BrainAGE in early stages of
SZ (43 participants) or BD (96 offspring of BD parents) and healthy controls (HC).
In Study 4, we performed MRI cerebellar volume analyses on 648 participants with
SZ, BD and HC. Results: In Study 1, the diagnosis of FES and obesity/overweight
were each additively associated with higher BrainAGE scores. VBM confirmed
association between FES, higher BMI and lower GM volume. In Study 2, BD
participants with IR displayed worse composite verbal memory score, while
composite working memory scores were comparable in patients with or without
IR. In Study 3, brain age of FES was on average 2.64 years greater than their
chronological age. In contrast, participants at risk or in the early stages of BD
showed comparable BrainAGE scores to HC and to their chronological age. In
Study 4 patients with SZ had smaller global cerebellar GM volume compared to
HC, while patients with BD did not differ from HC. Conclusions:
Overweight/obesity may be an independent risk factor for diffuse brain alterations
manifesting as advanced brain age as well as for local lower GM volumes already
early in the course of psychosis. IR may contribute to worse cognitive functions in
BD. These findings raise the possibility that targeting metabolic health and
intervening already at the level of overweight/obesity or IR could slow
neurostructural alteration and preserve brain function in SZ or BD. BrainAGE
method and cerebellar volume measurements could aid in early differential
diagnosis between BD and SZ.



ABSTRAKT

Uvod: Schizofrenie (SZ) a bipolarni afektivni porucha (BD) jsou &asto spravng
diagnostikovany az nékolik let po prvnich projevech psychické poruchy.
Neurozobrazovaci techniky by mohly poskytnout podporu pfi ¢asné diferencialni
diagnostice, nicmén¢ SirSi vyuziti v klinické praxi je komplikovano vyraznou
heterogenitou vysledki mezi jednotlivymi studiemi. Obezita, dyslipidémie a
inzulinova rezistence (IR) jsou Cast¢é komorbidity psychickych poruch, které
mohou piispivat k heterogenité nalezti/mozkovym zménam. Studovali jsme BD a
SZ v raznych stadiich onemocnéni a zkoumali jsme U¢inky metabolickych
parametrti na struktury a funkce mozku. Metody: Ve Studii 1 jsme pomoci
algoritmu strojového uceni odhadovali individualni vék mozku ze snimku
magnetické rezonance u 120 pacientti s prvni epizodou schizofrenie (FES) a u 114
kontrol. Po¢itali jsme BrainAGE skore, jez tvofi rozdil mezi odhadovanym vékem
mozku a chronologickym vékem. Za Uc€elem lokalizace mozkovych abnormit
asociovanych s obezitou nebo psychézou, jsme provedli voxel-based morfometrii
(VBM). Ve Studii 2 jsme za pomoci biochemickych a kognitivni dat od 100
euthymnich pacienti s BD zkoumali souvislost mezi inzulinovou rezistenci (IR) a
paméti. Ve Studii 3 jsme se zaméfili na neurostrukturdlni rozdily mezi ¢asnymi
stadii SZ (43 pacient)), BD (96 potomki rodict s BD) a zdravymi kontrolami
(HC). Ve Studii 4 jsme provedli objemové analyzy mozecku z MRI dat u 648
ucastnikti s SZ, BD a HC. Vysledky: Ve Studii 1 byly diagnéza FES a stejné tak
obezita/nadvaha, nezavisle a aditivné asociovany s vy$$im BrainAGE skoérem.
VBM potvrdila asociaci mezi FES a vy$§im BMI na jedné strané¢ a niz§im
objemem GM na stran¢ druhé. Ve Studii 2 vykazovali BD pacienti s IR horsi skore
verbalni paméti. Studie 3 ukazala, Ze mozek pacientli s FES vypadal dle MRI
snimkd v priméru o 2,64 roku starSi, nez ve skuteCnosti byl. Naproti tomu
ucastnici v riziku nebo v ranych stddiich BD vykazovali BrainAGE skoére
srovnatelné s jejich chronologickym vékem a taky s HC. Ve Studii 4 méli pacienti
se SZ mensi globalni objem mozecku ve srovnani s HC, zatimco pacienti s BD se
od HC nelisili. Zavéry: Nadvaha/obezita miize byt jiz v vodnich stadiich psychéz
nezavislym rizikovym faktorem pro difizni zmény mozku projevujici se v MR
obrazu jako ptedCasné stdrnuti mozku. IR miize pfispivat k hor§im kognitivnim
funkcim u BD. NasSe vysledky naznacuji, Ze prevence nebo vc€asnda 1éCba
metabolickych komorbidit u psychdz by mohla zpomalit neurostrukturalni zmény a
snizit dopad na kognitivni funkce. Metoda BrainAGE a méfeni objemu mozecku
by mohly pomoci pfi v€éasné diferencialni diagnostice mezi BD a SZ.



LIST OF ABBREVIATIONS

BD - bipolar disorder

BMI — body-mass index

CI - confidence interval

CGI-BP - Clinical Global Impressions-Bipolar Scale

CRP - C-reactive protein

CVLT - California Verbal Learning Test

DS - Digit Span

DSM-IV - Diagnostic and Statistical Manual of Mental Disorders, 4th Edition

FWE - family-wise error

FES - first episode schizophrenia

FEP- first episode psychosis

GM - gray matter

HAM-D - Hamilton Rating Scale for Depression

HC - healthy controls

HDL - high-density lipoprotein cholesterol

HOMA-IR - Homeostatic Model Assessment of Insulin Resistance

HR- high-risk

ICD-10 - International Statistical Classification of Diseases and Related Health
Problems 10th Revision

IR- insulin resistance

IXI - Information eXtraction from Images

LDL - low-density lipoprotein cholesterol

MDD - major depressive disorder

MRI —magnetic resonance imaging

RVR - relevance vector regression

TFCE - Threshold-Free Cluster Enhancement

TG -triglycerides

T2DM —type 2 diabetes mellitus

SZ — schizophrenia

VBM - voxel-based morphometry

WM — white matter

YMRS - Young Mania Rating Scale



1. INTRODUCTION

Bipolar disorders (BD) and schizophrenia (SZ) are among the leading causes of
morbidity and mortality worldwide (Gustavsson et al., 2011; Whiteford et al., 2013).
SZ is often accompanied by affective symptomatology and BD may often present with
psychotic symptoms. (Dunayevich and Keck, 2000). Both SZ and BD are often
correctly diagnosed only years after the initial manifestations (Hirschfeld et al., 2003;
Penttila et al., 2014). Early differential diagnosis between BD and SZ is highly
important, as delayed treatment contributes to poor prognosis (Penttila et al., 2014;
Berk et al., 2011). This is where detailed studies of neurobiology/neuroanatomy may
play a prominent role.

SZ is frequently conceptualized as a neurodevelopmental disorder (Rapoport et al.,
2012), and lower GM volumes were reported already in medication-naive participants
(Shah et al., 2017). On the other hand, neurodevelopmental antecedents are mostly
absent in individuals in with BD (Sanches et al., 2008) and participants in early phases
of BD typically show preserved brain structure (Hajek et al., 2005; Hajek et al., 2009;
Hajek et al., 2013). But many of the brain changes progressively worsen in both SZ
and BD (Andreasen et al., 2011; Vita et al., 2012; Abé et al., 2020) and this is likely
related to accumulation of certain clinical variables (Zipursky, 2014). In later stages of
both disorders, abnormalities in grey matter become more widespread and start to show
a greater overlap between both diagnoses (van Erp et al., 2018; Hibar et al., 2018).
Another key characteristic of neuroimaging literature in BD or SZ is heterogeneity of
findings (Wang et al., 2019; Shah et al., 2017). Better understanding of the clinical
factors which contribute to brain alterations is important first step towards prevention
or treatment of neurobiological changes. One of the potential sources of neuroimaging
abnormalities in BD and SZ could be the comorbidity with medical conditions known
to affect the brain.

Overweight or obesity are disproportionately frequent in SZ and BD (Correll et al.,
2014; Foley and Morley, 2011; Galletly et al., 2012). The effects of metabolic
comorbidities on life expectancy and medical outcomes in SZ and BD are well
recognized (Correll et al., 2017; Firth et al., 2019; Angst et al., 2002). Long before the
metabolic disorders result in premature mortality, they may contribute to poor
neuropsychiatric outcomes in psychoses, possibly through their effects on brain
structure (Bora et al., 2017; Farruggia and Small, 2019; Godin et al., 2018; Rashid et
al., 2013; Fagiolini et al., 2004).

Neurostructural alterations are frequently reported in participants with obesity
(Cherbuin et al., 2015; Masouleh et al., 2016) and tend to be most pronounced in
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frontal, temporal and cerebellar regions, brain areas which are also implicated in SZ
and BD (Caunca et al.,, 2019; Dekkers et al., 2019; Garcia-Garcia et al., 2019;
Moberget et al., 2018; Shah et al., 2017; Willette and Kapogiannis, 2015; Wang et al.,
2019; Opel at al., 2020, van Erp et al., 2018; Hibar et al., 2018). Obesity-related
neurostructural alterations are not simply an artefact of atherosclerosis. They occur
even in participants free of vascular complications or other obesity-related pathology
(Yau et al., 2014), possibly as a result of systemic low-grade inflammation, which is
frequently associated with obesity (Wisse, 2004), as well as brain changes (Guillemot-
Legris and Muccioli, 2017). Interestingly, brain alterations in obesity, dyslipidemia or
IR may be preventable or treatable (Mueller et al., 2015; Tuulari et al., 2016; Mansur et
al., 2017b).

There is a replicated evidence showing that obesity is negatively associated also with
cognitive functions in non-psychiatric subjects (Prickett et al., 2015; Gunstad et al.,
2010). Similarly, obesity-related abnormalities, such as IR, have been associated with
impaired verbal memory and fluency, processing speed and executive functions
(Kullmann et al., 2016), reduced hippocampal volume (Ursache et al., 2012), and with
a higher risk for developing dementia in old age (Gudala et al., 2013; Norton et al.,
2014). Participants with IR display cognitive impairments similar to those found in
major psychiatric disorders.

Considering the high prevalence of IR in SZ and BD (Pillinger et al., 2017;
Vancampfort et al., 2013) and the similarity between cognitive impairments in both
conditions, it is possible that some of the cognitive changes in both diseases may be
related to the presence of comorbid metabolic alterations (Kolenic et al., 2016).
Perhaps the fact that only some patients with SZ or BD suffer from these comorbidities
could also help explain why only some patients show cognitive impairments.

2. AIMS, OBJECTIVES, HYPOTHESES

Brain imaging may provide potential support for early differential diagnosis between
SZ and BD. To achieve this, we need to better understand which brain imaging
alterations are related to the disorder itself and which may reflect the effects of
disproportionally frequent metabolic abnormalities in SZ and BD.

We studied brain structure in BD and SZ in different stages of disease and also
specifically investigated the effects of metabolic parameters on brain structure and
function. We generated four hypotheses:



a) Metabolic abnormalities are associated with smaller volume of gray matter,
independent of the effect of SZ

b) Individuals with SZ show smaller volume of gray matter compared to controls,
independent of metabolic abnormalities.

¢) Metabolic abnormalities are associated with cognitive functioning, independent of
the effect of psychiatric disorders.

d) Neurostructural alterations in the brain are more pronounced in SZ compared to BD.

3. METHODS

We diveded analyses in to 2 separate sections. In Section 1, we analyzed association
between metabolic factors and brain structural or functional abnormalities. For that
reason we performed 2 studies. In Study 1, we focused on the effects of psychosis and
obesity on a composite index of brain structure (BrainAGE). In Study 2, using VBM,
we investigated the localization of obesity-related neurostructural alterations and
whether these directly overlap with regions associated with psychosis. In Study 2, we
studied association between insulin resistance and cognition in subject with BD. In
Section 2, we analyzed brain structural differences between schizophrenia and bipolar
disorder. For that reason, we performed 2 additional studies. In Study 3, we used the
BrainAGE to capture multivariate neurostructural alterations in early stages of SZ or
BD. In Study 4 we studied both SZ and BD across different disease stages, and focused
on cerebellar anatomy. Brief overview of methods are decribed below.

3.1. Study 1: Effect of obesity and psychosis on brain structures

3.1.1. Sample description

We analyzed a sample of 120 participants with FES and 114 controls (Early Stages of
Schizophrenia study, Spaniel et al., 2016). We focused on individuals with first episode
schizophrenia (FES), who met the following inclusion criteria: 1) were undergoing
their first psychiatric hospitalization, 2) had the ICD-10 diagnosis of SZ (F20), or acute
and transient psychotic disorders (F23), 3) had <24 months of untreated psychosis, 4)
were 18-35 years old. Patients with psychotic mood disorders, were excluded from the
study. Healthy controls, 18—35 years old, were recruited using the following exclusion
criteria: 1) lifetime history of any psychiatric disorders, 2) psychotic disorders in first
or second-degree relatives.



3.1.2. Brain imaging analyses

3.1.2.1. Analysis 1: Brain age estimation. BrainAGE machine learning method
estimates the biological age of the brain from MRI (Franke et al., 2013; Koutsouleris et
al., 2014). The difference between brain age and chronological age, called BrainAGE
score, captures diffuse, multivariate neurostructural alterations into a single number
(Franke et al., 2010; Franke et al., 2012). We trained the model using an independent
sample of 504 healthy individuals from the IXI database. Our outcome measure was
the BrainAGE score (Franke et al., 2010).

3.1.2.2. Analysis 2: Voxel-based morphometry analyses. We conducted optimised
VBM protocol (Good et al., 2001). Voxel-wise general linear model was used to
compute associations between local GM volume and studied variables (status -
FES/controls, BMI, age, sex). Permutation-based non-parametric testing, correcting for
multiple comparisons across space, was applied. The threshold was set to p<0.05 using
threshold-free cluster enhancement (TFCE) and 5000 permutations.

3.1.3. Statistical analyses

3.1.3.1. Analysis 1, BrainAGE

1) we investigated associations between individual metabolic variables and BrainAGE
scores, using correlation coefficients for continuous and two-sample t-tests for
categorical variables; 2) we explored the effects of age and sex on BrainAGE scores, to
select, which nuisance variables to control for in multivariate analyses; 3) the variables
significantly associated with BrainAGE scores in step 1, were entered into multiple
linear regression analyses together with potential confounders from step 2. We also
explored the association between BrainAGE scores and relevant clinical variables.
3.1.3.2. Analysis 2, VBM

We performed primary VBM analysis with small volume corrections to regions which
have been previously associated with FES or obesity (Shah et al., 2017; Garcia-Garcia
et al., 2019). We assessed the association between FES, BMI as explanatory variables
and regional GM volumes as the dependent variable. Secondly, we performed whole
brain VBM analysis. Additionally, we explored the effects of clinical, treatment-related
or metabolic variables on our VBM results among the FES participants.

3.2. Study 2: Insulin resistance is associated with verbal memory impairment in
bipolar disorders

3.2.1. Sample description

This multicenter study enrolled outpatients with diagnosis of BD patients had to be in
euthymic state (HAM-D-17 < 7; YMRS < 5; CGI-BP < 3) and free from significant
mood symptoms at least two months before the index visit.
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3.2.2. Study procedures

During the study visit, a blood draw measuring basal insulin, glucose, total cholesterol,
HDL cholesterol and triglycerides (TG) was performed in fasting condition.
Participants underwent neuropsychological testing (California Verbal Learning Test -
CVLT and the Digit Span forward and backward - DS). Insulin resistance (IR) was
estimated with the homeostatic model assessment of insulin resistance (HOMA-IR =
[fasting plasma insulin (mU/L) x fasting plasma glucose (mmol/L)]/22.5).

3.2.3. Statistical analyses

Composite verbal and working memory scores were separately entered as dependent
variables into a general linear model with IR (yes, no) as predictor, age as covariate
and center as a random factor. We also explored associations between individual
biochemical, clinical, demographic predictors and individual composite cognitive
scores, while controlling for age and site. Variables, which were significantly
associated with cognitive performance were then included in a model together with IR.

3.3. Study 3: Brain Age in Early Stages of Bipolar Disorders or Schizophrenia

3.3.1. Sample description

We analyzed the data from two related studies and aimed at identifying neurobiological
alterations in the early stages bipolar disorder (BD) or schizophrenia (SZ).

Study 3A: This was a part of the ongoing Early Stages of Schizophrenia study (Spaniel
et al., 2016), for more details please see previous description from Study 1 above and
related article (Hajek et al., 2019). To limit the effects of medication and illness
burden, we focused on individuals with first episode schizophrenia who where
medication naive prior to the first admission.

Study 3B: Participants were recruited from an ongoing Offspring Risk for Bipolar
disorders Imaging Study in Halifax, Canada and from a parallel arm of the study
performed in Prague, Czech Republic. To isolate biological risk factors for BD, we
recruited offspring from families of well-characterized adult patients with BD, as
described previously (Hajek et al., 2013). We focused on individuals around the typical
age of onset, who remain at a substantial risk of future onset of BD (Duffy et al., 2009;
Immonen et al., 2017). The offspring of BD patients were divided into 2 subgroups. (1)
The high-risk (HR) unaffected group, which consisted of offspring with no lifetime
Axis I diagnosis of mood disorders. These individuals were at an increased risk for BD
because they had one parent affected with a primary mood disorder (Whiteford et al.,
2013). The affected familial group, which consisted of offspring who met criteria for a
lifetime Axis I diagnosis of mood disorders and had one parent affected with a primary
mood disorder. Control participants without any personal or family history of DSM-IV
Axis I psychiatric disorders, were recruited from similar socioeconomic background.
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3.3.2. Image processing

We applied a BrainAGE method, detailed description is provided in previous
BrainAGE estimation section (Study 1; Franke et al., 2010; Franke and Gaser, 2012).
3.3.3. Statistical analyses

Our primary outcome measure in both studies was the whole brain BrainAGE score. In
each study, we initially tested for association between age or sex and BrainAGE scores,
to select, which demographic variables to control for. In Study 3A we then performed
analysis of covariance with BrainAGE scores as the dependent variable, status (FEP,
control) as the grouping variable, while covarying for demographic variables, which
were significantly associated with BrainAGE scores. In Study 3B, we performed
analysis of covariance with BrainAGE scores as the dependent variable, status (HR
unaffected, affected familial, control groups) and site (Halifax, Prague) as the grouping
variables, while covarying for demographic variables, which were significantly
associated with BrainAGE scores. To compare brain and chronological age within
subjects, we used repeated measures ANOVA with site (Halifax, Prague) as the
grouping factor and type of age (chronological, brain) as the repeated measure.

3.4. Study 4: Cerebellar parcellation in schizophrenia and bipolar disorder

3.4.1. Sample description

Patients with SZ spectrum disorder, BD and controls were recruited in Czech Republic,
USA, Germany, Italy and France. For more details about inclusion criteria, see original
article (Laidi et al., 2019).

3.4.2. Image processing, cerebellar grey matter volume analyses

All T1 MRI images were processed using the CERES pipeline that performs a fully
automated segmentation and parcellation of the cerebellum (Romero et al., 2017)
following the protocol described in Park et al. paper (Park et al., 2014). We extracted
the grey matter volume of 6 cerebellar regions of interest (ROIs) and the global
cerebellar grey matter volume.

3.4.3. Statistical analyses

To compare the size of the global cerebellar volume and ROIs in the cerebellum
between patients and controls, we performed a linear model with (i) age and ICV as
covariates and (ii) sex, diagnosis and site as cofactors. Results that survived correction
for multiple comparisons were considered as significant. We conducted our analyses
separately on the SZ and the BD sample. Similarly, we compared the size of the global
cerebellar volume and ROIs in patients with BD medicated vs not medicated with
lithium, with a linear model including (i) age and ICV as covariates and (ii) sex,
lithium status and site as cofactors. We studied the association between the severity of
schizophrenia and the regions of interest in the cerebellum.

9



4. RESULTS

4.1. SECTION 1. ASSOCIATION BETWEEN METABOLIC FACTORS AND
BRAIN STRUCTURAL ABNORMALITIES

4.1.1. Study 1: Effect of obesity and psychosis on brain structures

4.1.1.1. Analysis 1: Obesity, dyslipidemia and brain age in first-episode psychosis
We analyzed a sample of 120 participants with FES and 114 controls (Kolenic et al.,
2018). Relative to controls, FES participants had significantly higher LDL (t=3.52,
p=0.001), TG (t=2.7, p=0.008), lower HDL (t= -3.33; p=0.001) and a significantly
greater proportion of overweight/obese participants (X?(1)=4.01; p=0.045).

BrainAGE scores were significantly associated with diagnosis of FES (t(232)=2.82,
p=0.005), overweight/obesity category (t (232)=2.74, p=0.007) and BMI (r(232)=0.15,
p=0.02, Fig. 1A-C).
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Figure 1. Associations between BrainAGE scores and psychiatric diagnosis or metabolic factors.
BrainAGE scores were significantly associated with the diagnosis of first-episode psychosis (FES, panel A),
overweight/obesity (panel B), body mass index (BMI, panel C). Overweight/obesity was significantly
associated with BrainAGE scores additively to the effect of FES (panel D, - age adjusted mean and 95%
confidence intervals).
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BrainAGE scores were not associated with LDL-cholesterol, HDL-cholesterol, TG.

In multiple regression containing psychiatric diagnosis, overweight/obesity category,
and age as a nuisance factor, each of the predictors was significantly and additively
associated with BrainAGE scores, yielding a significant model (R2=0.22, F(3,
230)=21.92, p <0.001). There was no interaction between FES and overweight/obesity
(F(1, 229)=0.03, p=0.86). BrainAGE scores were highest in participants with a
combination of FES and overweight/obesity (3.83 years, 95% Confidence interval
(CI)=2.35-5.31) and lowest in normal weight controls (—0.27 years, 95%CI=—1.22-
0.69, Fig. 1D).

BrainAGE scores in previously medication naive participants (N=40) were greater than
in controls, comparable to previously medicated FES individuals and not associated
with cumulative exposure to antipsychotics. BrainAGE scores were not associated with
duration of illness, duration of untreated psychosis, current symptoms, systolic or
diastolic pressure, personal history of hypertension, glucose levels, substance
abuse/dependence, current cigarette smoking, or marijuana abuse.

4.1.1.2. Analysis 2: Higher body-mass index and lower grey matter volumes in
first episode of psychosis

Primary VBM analyses. When focusing on regions previously associated with FES or
obesity, we found an association between FES and lower GM volume, while
controlling for BMI, in a) cluster including left IFG-STG-temporal pole-insula-
operculum (d=0.55; tmax=4.19; pTFCE=0.008; 395 voxels), b) left postcentral gyrus
(d=0.43; tmax=3.34; pTFCE=0.043; 13 voxels). We also found an association between
higher BMI and lower GM volume, when controlling for FES, in the left cerebellum
(d=0.74; tmax=5.30; pTFCE<0.001, 144 voxels); see Fig.2. The results remained
unchanged, when using BMI as categorical predictor (normal weight vs.
overweight/obese).

Secondary VBM analyses. At the whole brain level and when controlling for BMI, we
found associations between FES and lower GM in the a) right cerebellum, b) left
cerebellum, c¢) cluster including left inferior frontal gyrus and superior temporal gyrus,
d) right temporal cortex. When controlling for FES, higher BMI was associated with
lower GM volume in the cerebellum. There was overlap between findings of primary
and secondary analyses. Both FES and BMI were negatively associated with GM in the
left cerebellum, see Fig.2.
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Panel 1: Association between FES and lower GM volumes

Panel 3: Association between FES, higher BMI and lower GM
volumes (secondary analyses only)

Figure 2. VBM analyses results. Panel 1: Associations between FES and lower GM volumes; primary
analyses (red), secondary whole brain analyses (yellow). Overlap between primary and secondary analyses
(orange). Panel 2: Associations between higher BMI and lower GM volumes; primary analyses (dark blue),
secondary whole brain analyses (light blue). Panel 3: Associations between FES, higher BMI and lower GM
volumes from secondary analyses only; association with FES (yellow), association with BMI (light blue),
overlap between FES and BMI (green). TFCE corr. p<0.05.

Additional VBM analyses. Average GM values from voxels associated with BMI
from primary analyses were negatively correlated with LDL (re= -0.255, p=0.030),
CRP (1= -0.327, p=0.0006), positively correlated with high HDL (r&= 0.269, p=0.021).
None of the other clinical/treatment-related/metabolic variables were associated with
average GM values from the voxels within the regions associated with BMI or FES.

BMI was negatively associated with CRP (rs= 0.586, p<0.001). CRP was also
positively associated with LDL (r&= 0.252, p=0.039) and TG (r= 0.392, p=0.001).
There was no association between treatment-related variables (duration of
antipsychotic treatment, medication status prior to hospitalization, chlorpromazine
equivalent antipsychotic dose at MRI, cumulative medication exposure until MRI) and
BMI, HDL, LDL, TG or CRP.
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4.1.2. Study 2: Insulin resistance is associated with verbal memory impairment in
bipolar disorders

We analyzed data from 100 euthymic BD participants (Salvi et al., 2020). When
controlling for age and center, participants with IR displayed worse composite verbal
memory score (-0.38 vs 0.17; F(1, 8.23)=17.90; p=0.003, partial eta squared=0.69).
Among the individual subtests, short delayed free recall showed the largest effect size
(partial eta squared=0.73), whereas CVLT long delayed free recall showed the lowest
effect size (partial eta squared=0.48) for differences between those with and without
IR. Composite working memory scores were comparable in patients with or without IR
(-0.20 vs 0.07; F(1,6.05)=1.64; p=0.25, partial eta squared=0.21).

Exploratory analyses

Composite verbal memory scores were nominally associated with TG, HDL, but not
with total cholesterol, BMI, exposure to antipsychotics, mood stabilizers, or years of
education. In the model, which controlled for age, site, TG and HDL, IR remained
significantly associated with composite verbal memory scores, whereas the association
between TG or HDL and composite memory scores became non-significant.

4.2. SECTION 2. BRAIN IMAGING DIFFERENCES BETWEEN BD AND SZ

4.2.1.Study 3: Brain Age in Early Stages of Bipolar Disorders or Schizophrenia

4.2.1.1. Study 3A: BrainAGE in early stages of schizophrenia

For Study 3A, we recruited 86 participants, including 43 previously unmedicated
individuals with FES and 43 age and sex matched controls. Participants with FES had
higher BrainAGE scores relative to controls (F(1, 83) = 8.79, corrected P = .008,
Cohen’s d = 0.64). The brain age in participants with FES was higher than their
chronological age by an average of 2.64 + 4.15 years (matched t(42) = 4.36, P <.001).
When we controlled for both age and sex, the differences in BrainAGE scores between
FES and controls remained significant (F(1, 82) = 8.70, P =.004).

4.1.1.2. Study 3B: BrainAGE in early stages of bipolar disorder

We recruited 156 participants, including 48 HR unaffected, 48 affected familial and 60
control subjects, see Tab.6. BrainAGE scores were comparable between HR
unaffected, affected familial and control participants (F(2,149)=1.04, corrected
P=.70, n2=0.01), with no differences between the 2 acquisition sites
(F(1,149) = 0.39, P = .53) and no site by group interaction (F(2,149) =0.04, P = .96).
The brain age in the HR unaffected or in the affected familial participants was
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comparable to their chronological age. BrainAGE scores were not associated with
number of episodes, number of hospitalizations or duration of illness, when controlling
for age.

4.2.2. Study 4: Cerebellar parcellation in schizophrenia and bipolar disorder

4.2.2.1. Total cerebellar volume and lobular analysis in schizophrenia

182 patients with SZ and 198 controls were included. The global cerebellar volume,
Crus II and lobule VIIb were significantly smaller in patients compared to controls (
Fig.3).

Cerebellar total grey matter volume

Studentized residuals

Figure 3: Grey matter volume of the cerebellum in patients with SZ and controls: partial residual plot.
Legends: hs, healthy subjects; sz, patients with schizophrenia; comparison of studentized residuals after
regressing the effect of site, age, sex and intra cranial volume. Hashed lines delineate quartiles of the
distribution; the central hashed line refer to the mean of the distribution

4.2.2.2. Total cerebellar volume and lobular analysis in bipolar disorder

144 patients with type I BD and 176 controls were included. We did not find any
significant difference between patients and controls for any of the regions of interest.
BD participants treated with Li at the time of scanning (n=56) had significantly larger
volume of the left anterior cerebellum grey matter volume than participants not treated
with Li (n = 86). We found a negative correlation between the volume of Crus I and the
PANSS general psychopathology score (p = 0.007). In addition, we found a negative
correlation between the volume of Crus I and the PANSS total score (p = 0.047).

We compared patients with BD with and without psychotic features. We did not find
any significant difference between the two groups for any of our regions of interest.
There was no significant effect of medication load on the volume of the total
cerebellar, Crus II and lobule VIIb volumes.
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5. DISCUSSION

We confirmed that overweight/obesity was more frequent in patients with FES than in
controls. The study also for the first time suggested that overweight/obesity, may
contribute to neurostructural changes already early in the course of illness. BrainAGE
scores were highest in participants with a combination of FES and overweight/obesity,
where the average discrepancy between brain and chronological age reached 3.83
years. Importantly, the effect of overweight/obesity on brain structure was additive to
the effect of FES. We also found that both FES and BMI were negatively associated
with local grey matter volumes. Some regions of lower GM volumes were found only
in FES (frontotemporal areas, right cerebellum) or only in participants with higher BMI
(areas in the left cerebellum), whereas a cluster of lower GM volumes in the left
cerebellum was additively associated with both FES and BMI.

Previous studies have reported neurostructural alterations and advanced brain age
already in FES (Koutsouleris et al., 2014), as well as in participants with high BMI
(Tiehuis et al., 2014; Masouleh et al., 2016). Furthermore, overweight/obesity is a risk
factor for advanced brain ageing, as found in neurodegenerative disorders (Xu et al.,
2015). The findings of association between FES and lower GM in fronto-temporal
areas and the association between BMI and cerebellar regions are in line with previous
meta-analyses (Garcia-Garcia et al., 2019; Shah et al., 2017). Perhaps, the uncontrolled
presence of overweight/obesity may contribute to heterogeneity in cerebellar volumes
between studies in FES.

VBM analyses showed that among FES participants, LDL levels were negatively and
HDL levels positively associated with GM within the cluster showing association with
BMI. Dyslipidemia is a known risk factor for cerebrovascular disease (Pikula et al.,
2015) and has pathoplastic effects on brain structure in participants with manifest
atherosclerosis (Tiehuis et al., 2014).

Abdominal visceral obesity is one of the main potential contributors to the low-chronic
inflammatory state, which is often found in FES (Fontana et al., 2007; Minichino et al.,
2017). In keeping with this, we found a positive correlation between CRP and BMI,
LDL or TG in FES participants. Importantly, CRP was also negatively correlated with
average GM values from the cerebellar cluster associated with BMI (r&= -0.327,
p=0.000).

Additional alternative explanations pertain to the multifactorial etiology of obesity in
psychosis. Aside from effects of medications, genetics, lifestyle factors, including
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high-fat diets, alcohol, smoking, and lack of exercise, psychosocial factors, including
poverty and disparities in health care/monitoring may all play a role (Newcomer, 2007;
Manu et al., 2015). We cannot rule out spurious associations between the more distal
factors, brain health and metabolic alterations (Pajonk et al., 2010; Zipursky et al.,
2013). Some of these factors, including diet, exercise or chronic stressors are difficult
to quantify. Others, such as history of substance abuse, were not associated with
BrainAGE scores or GM volumes. The interpretation is also complicated by the
unclear direction of association between brain and metabolic alterations.

We demonstrated that among remitted BD participants without diabetes mellitus, IR
was significantly associated with verbal memory performance, even when we
controlled for other relevant metabolic or treatment variables. Importantly, the
association between IR and verbal memory was not confounded by exposure to
antipsychotics, which were not associated with worse cognitive performance. Our
study is also in keeping with previous reports documenting the negative association
between IR and cognitive functioning in participants without psychiatric disorders
(Wijtenburg et al., 2019; Bruehl et al., 2010). We did not find association between IR
and working memory. This observation is in line with a previous study, where the
effects of IR on declarative memory were three times higher than the effects of IR on
working memory (Bruehl et al., 2010).

The effects of IR on brain function are not surprising. Insulin is actively transported
through the blood-brain barrier and binds to its receptors, which are widely distributed
throughout the brain (Kullmann et al., 2016). The mechanisms underlying the
connection between IR and cognition could include withdrawal of trophic factors,
inhibition of insulin-responsive gene expression and impaired mitochondrial energy
metabolism, which causes oxidative stress through increased production of reactive
oxygen species (Andreazza et al.,2010; Brietzke et al., 2011). In addition, insulin
signaling appears to increase NMDA-mediated glutamatergic transmission in
hippocampus, thus enhancing processes of long-term potentiation (Ferrario and
Reagan, 2018). In line with previous research (Kolenic et al., 2016), our findings put
more emphasis on clinical screening of insulin metabolism in BD.

We found that participants with FES showed greater, whereas individuals at risk or in
the early stages of BD showed comparable BrainAGE scores to controls. The higher
BrainAGE scores in participants with FES were associated with smaller GM volume
diffusely throughout the brain. Our findings are congruent with previous investigations
using a range of techniques (Koutsouleris et al., 2014; Nenadi¢ et al., 2017). In contrast
to FES, the brain age in participants early in the course of BD was nonsignificantly
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lower than their chronological age. No previous study investigated BrainAGE scores in
early stages of BD. Our results are also congruent with structural brain imaging studies
(Hajek et al.,2009; Hajek et al.,2013; Fusar-Poli et al., 2012) and suggested that
accelerated brain maturation may have diagnostic specificity for schizophrenia and is
not found in participants who later develop BD (Gogtay et al., 2010).

In Study 4 (Laidi et al., 2019), we found a decreased volume of the total cerebellar
volume, Crus II and the lobule VIIb in patients with SZ compared to controls. There
was no significant difference between patients with BD and controls per se, but BD
patients treated with lithium had a larger anterior cerebellar volume compared to
controls. To date, this is the first multicenter study probing cerebellar differences at a
lobular level in both patients with SZ and BD. Our results are in line with findings
from the previous studies (Moberget et al., 2018; Laidi et al., 2015). We found a
decreased volume in two cerebellar lobules (Crus II and lobule VIIb, adjacent to Crus
IT) located in the cognitive part of the cerebellum. The Crus II region is connected to
the prefrontal cortex, a region that has been linked to schizophrenia. Our result
supports the hypothesis of a cognitive dysmetria in schizophrenia, where the cortical-
subcortical circuit between the cerebellum and the prefrontal cortex might be altered
(Andreasen and Pierson, 2008). A disruption in this circuit may lead to difficulty in
prioritizing, processing and responding to information, which could account for the
wide range of symptoms.

When interpreting the findings, we need to carefully consider the effects of
antipsychotic medications on brain and metabolic markers (Andreasen et al., 2013;
Jorgensen et al., 2017). Although BMI increased during hospitalization, BrainAGE
scores were associated even with BMI from the time of admission. Thus, the
contribution of medications to our findings is less likely. Furthermore, even
participants who were medication naive prior to admission had greater BrainAGE
scores than controls and BrainAGE scores were not associated with cumulative or
current antipsychotic exposure. Also VBM analyses did not find associations between
antipsychotic treatment and GM volumes. Previous studies described associations
between cumulative exposure of antipsychotic medication and GM volumes (Vita et
al., 2012) as well as pro-adipogenic effect of antipsychotics (Spertus et al., 2018). But
at the same time, participants in our study had on average only 1.99 month of
antipsychotic treatment and BMI was not associated with cumulative antipsychotic
exposure. We cannot rule out that following a longer antipsychotic treatment, their
metabolic side effects would become more relevant for association between
antipsychotics and GM volumes or BrainAGE scores.
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Only prospective studies could establish the causality of the association between
metabolic alterations and brain structure and functions. It is possible that obesity or IR
are not the cause, but rather the consequence of brain imaging changes, which may
render participants more impulsive (Miquel et al., 2016; Opel et al., 2015; Schilling et
al., 2013).

The evidence for additive contribution of overweight/obesity to brain structural
alterations in FES emphasizes the need to improve cardiovascular risk factor
optimization in psychosis, intervene early and integrate psychiatric and medical
management (Unutzer et al., 2006; Miller et al., 2013). Lifestyle interventions focused
on psychological well-being and weight management have proven to be effective in
improving cognitive, clinical and functional outcomes in many psychiatric syndromes
(Fava, 2012; Goracci et al., 2016; Minichino et al., 2017). Importantly, obesity-related
structural brain abnormalities might be reversible with dietary, lifestyle, surgical or
medication interventions fostering weight loss (Gomez-Pinilla, 2011; Haltia et al.,
2007; Mueller et al., 2015; Shan et al., 2019; Tuulari et al., 2016). Also medications
targeting obesity may have neuroprotective effects. Promising results have been
described using antidiabetic liraglutide (Gejl et al,, 2016),(Mansur et al., 2017a,
2017b). Other potential therapeutic options for future research include
antiglucocorticoid mifepristone, (Watson et al., 2012), adjuvant antiinflammatory
agents (Cho et al., 2019) or protein deacetylase sirtuinl (Sirtl; Wyman and Atamas,
2018).

BD and SCH are often correctly diagnosed only years after the initial manifestations
(Hirschfeld et al., 2003; Penttila et al, 2014) which leads to delayed treatment and
contributes to poor prognosis (Penttila et al., 2014; Berk et al., 2011). We showed that
BrainAGE scores and cerebellar volume measurement could aid in differential
diagnosis between BD and SZ early in the course of illness.

Besides the clinical/functional implications, our results are relevant for methodological
reasons. BMI is not usually collected or controlled for in VBM studies of SZ, although
the negative effects of obesity on brain structure are robust and replicated in both
psychiatric and non-psychiatric participants (Cox et al., 2019; Dekkers et al., 2019;
Garcia-Garcia et al.,, 2019; Hamer and Batty, 2019). Identification of relevant
contributors to GM abnormalities in SZ is an important step toward the better
understanding and interpretation of neurostructural studies.
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6. CONCLUSIONS

To conclude, we confirmed the assumption that metabolic disorders are more frequent
in patients with psychosis already in the early stages of the disease and that they
contribute negatively to the structural changes of the brain independently of the effect
of the psychosis. Higher BMI and overweight/obesity were associated with lower
regional GM volumes and with diffuse brain alterations manifesting as accelerated
brain age. The effects of psychosis were most pronounced in frontotemporal regions,
whereas both psychosis and higher BMI were additively associated with lower GM in
the cerebellum. Importantly, higher BrainAGE scores and lower GM volumes in FES
appeared unrelated to treatment with antipsychotic medications. This is highly
clinically relevant, as FES participants have an increased risk of metabolic disorders
and brain structural alterations. The additive effects of FES and BMI also suggest that
comorbidity with overweight/obesity could contribute to heterogeneity of
neuroimaging findings in psychosis. Our exploratory analyses showed that
dyslipidemia and elevated CRP could contribute to obesity-related neurostructural
alterations. We also demonstrated that among BD participants without diabetes
mellitus, IR was significantly associated with verbal memory performance, even when
we controlled for other relevant metabolic or treatment variables. This is highly
clinically relevant, as IR is currently not screened for. Our findings raise the possibility
that early detection and treatment of metabolic disturbances, which are reversible,
might improve or preserve brain structure and function in major psychiatric disorders.

Additionally, when focusing on differences between BD and SZ, we found
neurostructural changes in participants with FES, which made their brains appear
2.64 years older than their chronological age. In contrast, participants in the early
stages of BD had comparable BrainAGE scores to controls and comparable brain and
chronological age. These findings are congruent with previous cognitive,
developmental and brain imaging studies and lend further support to the model of
greater neurodevelopmental contributions to schizophrenia than BD. Results were
congruent with our next study, where we found lower cerebellar grey matter volume in
SZ, but not in BD. Cerebellar volume reduction in SZ was located within the cognitive,
posterior parts of the cerebellum including Crus II and lobule VIIb. Association
between SZ and smaller cerebellar volumes is one of the most robust and replicated
brain imaging findings in this disorder. Our studies support a distinct pattern of brain
alterations in SZ and BD. BrainAGE method and cerebellar volume measurements
could aid in early differential diagnosis between BD and SZ.

19



7. REFERENCES

Abé, C., Liberg, B., Song, J., Bergen, S. E., Petrovic, P., Ekman, C. J., ... & Landén, M. (2020). Longitudinal
cortical thickness changes in bipolar disorder and the relationship to genetic risk, mania, and lithium
use. Biological Psychiatry, 87(3), 271-281.

Andreasen, N. C., Liu, D., Ziebell, S., Vora, A., & Ho, B.-C. (2013). Relapse duration, treatment intensity,
and brain tissue loss in schizophrenia: A prospective longitudinal MRI study. The American Journal
of Psychiatry, 170(6), 609—615. https://doi.org/10.1176/appi.ajp.2013.12050674

Andreasen, N. C., Nopoulos, P., Magnotta, V., Pierson, R., Ziebell, S., & Ho, B. C. (2011). Progressive brain
change in schizophrenia: a prospective longitudinal study of first-episode schizophrenia. Biological
psychiatry, 70(7), 672-679.

Andreasen, N. C., & Pierson, R. (2008). The role of the cerebellum in schizophrenia. Biological Psychiatry,
64(2), 81-88. https://doi.org/10.1016/j.biopsych.2008.01.003

Andreazza, A. C., Shao, L., Wang, J. F., & Young, L. T. (2010). Mitochondrial complex I activity and
oxidative damage to mitochondrial proteins in the prefrontal cortex of patients with bipolar disorder.
Archives of general psychiatry, 67(4), 360-368.

Angst, F., Stassen, H. H., Clayton, P. J., & Angst, J. (2002). Mortality of patients with mood disorders:
follow-up over 34-38 years. Journal of affective disorders, 68(2-3), 167-181.

Berk, M., Brnabic, A., Dodd, S., Kelin, K., Tohen, M., Malhi, G. S., ... & McGorry, P. D. (2011). Does stage
of illness impact treatment response in bipolar disorder? Empirical treatment data and their
implication for the staging model and early intervention. Bipolar disorders, 13(1), 87-98.

Bora, E., Akdede, B. B., & Alptekin, K. (2017). The relationship between cognitive impairment in
schizophrenia and metabolic syndrome: A systematic review and meta-analysis. Psychological
Medicine, 47(6), 1030-1040. https://doi.org/10.1017/S0033291716003366

Brietzke, E., Kapczinski, F., Grassi-Oliveira, R., Grande, 1., Vieta, E., & McIntyre, R. S. (2011). Insulin
dysfunction and allostatic load in bipolar disorder. Expert review of neurotherapeutics, 11(7), 1017-
1028.

Bruehl, H., Sweat, V., Hassenstab, J., Polyakov, V., & Convit, A. (2010). Cognitive impairment in
nondiabetic middle-aged and older adults is associated with insulin resistance. Journal of clinical and
experimental neuropsychology, 32(5), 487-493.

Caunca, M. R., Gardener, H., Simonetto, M., Cheung, Y. K., Alperin, N., Yoshita, M., ... Rundek, T. (2019).
Measures of obesity are associated with MRI markers of brain aging: The Northern Manhattan Study.
Neurology, 93(8), €791-e803. https://doi.org/10.1212/WNL.0000000000007966

Cherbuin, N., Sargent-Cox, K., Fraser, M., Sachdev, P., & Anstey, K. J. (2015). Being overweight is
associated with hippocampal atrophy: the PATH Through Life Study. International Journal of
Obesity, 39(10), 1509-1514.

Cho, M., Lee, T. Y., Kwak, Y. B., Yoon, Y. B., Kim, M., & Kwon, J. S. (2019). Adjunctive use of anti-
inflammatory drugs for schizophrenia: a meta-analytic investigation of randomized controlled trials.
Australian & New Zealand Journal of Psychiatry, 53(8), 742-759.

Correll, C. U., Robinson, D. G., Schooler, N. R., Brunette, M. F., Mueser, K. T., Rosenheck, R. A., ... Kane,
J. M. (2014). Cardiometabolic risk in patients with first-episode schizophrenia spectrum disorders:
Baseline results from the RAISE-ETP study. JAMA Psychiatry, 71(12), 1350-1363.
https://doi.org/10.1001/jamapsychiatry.2014.1314

Correll, C. U., Solmi, M., Veronese, N., Bortolato, B., Rosson, S., Santonastaso, P., ... Stubbs, B. (2017).
Prevalence, incidence and mortality from cardiovascular disease in patients with pooled and specific
severe mental illness: A large-scale meta-analysis of 3,211,768 patients and 113,383,368 controls.
World Psychiatry: Official Journal of the World Psychiatric Association (WPA), 16(2), 163—180.
https://doi.org/10.1002/wps.20420

20



Cox, S. R., Lyall, D. M., Ritchie, S. J., Bastin, M. E., Harris, M. A., Buchanan, C. R., ... Deary, L J. (2019).
Associations between vascular risk factors and brain MRI indices in UK Biobank. European Heart
Journal, 40(28), 2290-2300. https://doi.org/10.1093/eurheartj/ehz100

Dekkers, 1. A., Jansen, P. R., & Lamb, H. J. (2019). Obesity, Brain Volume, and White Matter
Microstructure at MRI: A Cross-sectional UK Biobank Study. Radiology, 291(3), 763-771.
https://doi.org/10.1148/radiol.2019181012

Duffy, A., Alda, M., Hajek, T., & Grof, P. (2009). Early course of bipolar disorder in high-risk offspring:
prospective study. The British Journal of Psychiatry, 195(5), 457-458.

Dunayevich, E., & Keck, P. E. (2000). Prevalence and description of psychotic features in bipolar mania.
Current psychiatry reports, 2(4), 286-290.

Fagiolini, A., Kupfer, D. J., Rucci, P., Scott, J. A., Novick, D. M., & Frank, E. (2004). Suicide attempts and
ideation in patients with bipolar I disorder. The Journal of clinical psychiatry, 65(4), 509-514.
Farruggia, M. C., & Small, D. M. (2019). Effects of adiposity and metabolic dysfunction on cognition: A
review. Physiology & Behavior, 208, 112578. https://doi.org/10.1016/j.physbeh.2019.112578

Fava, G. A. (2012). The clinical role of psychological well-being. World Psychiatry, 11(2), 102.

Ferrario, C. R., & Reagan, L. P. (2018). Insulin-mediated synaptic plasticity in the CNS: anatomical,
functional and temporal contexts. Neuropharmacology, 136, 182-191.

Firth, J., Siddiqi, N., Koyanagi, A., Siskind, D., Rosenbaum, S., Galletly, C., ... Stubbs, B. (2019). The
Lancet Psychiatry Commission: A blueprint for protecting physical health in people with mental
illness. The Lancet. Psychiatry, 6(8), 675-712. https://doi.org/10.1016/S2215-0366(19)30132-4

Foley, D. L., & Morley, K. L. (2011). Systematic review of early cardiometabolic outcomes of the first
treated episode of psychosis. Archives of General Psychiatry, 68(6), 609-616.
https://doi.org/10.1001/archgenpsychiatry.2011.2

Fontana, L., Eagon, J. C., Trujillo, M. E., Scherer, P. E., & Klein, S. (2007). Visceral fat adipokine secretion
is associated with systemic inflammation in obese humans. Diabetes, 56(4), 1010-1013.
https://doi.org/10.2337/db06-1656

Franke, K., & Gaser, C. (2012). Longitudinal changes in individual BrainAGE in healthy aging, mild
cognitive impairment, and Alzheimer’s disease. GeroPsych: The Journal of Gerontopsychology and
Geriatric Psychiatry, 25(4), 235.

Franke, K., Gaser, C., Manor, B., & Novak, V. (2013). Advanced BrainAGE in older adults with type 2
diabetes mellitus. Frontiers in aging neuroscience, 5, 90.

Franke, K., Luders, E., May, A., Wilke, M., & Gaser, C. (2012). Brain maturation: predicting individual
BrainAGE in children and adolescents using structural MRI. Neuroimage, 63(3), 1305-1312.

Franke, K., Ziegler, G., Kloppel, S., Gaser, C., & Alzheimer's Disease Neuroimaging Initiative. (2010).
Estimating the age of healthy subjects from T1-weighted MRI scans using kernel methods: exploring
the influence of various parameters. Neuroimage, 50(3), 883-892.

Fusar-Poli, P., Howes, O., Bechdolf, A., & Borgwardt, S. (2012). Mapping vulnerability to bipolar disorder:
a systematic review and meta-analysis of neuroimaging studies. Journal of psychiatry &
neuroscience: JPN, 37(3), 170.

Galletly, C. A., Foley, D. L., Waterreus, A., Watts, G. F., Castle, D. J., McGrath, J. J., ... Morgan, V. A.
(2012). Cardiometabolic risk factors in people with psychotic disorders: The second Australian
national survey of psychosis. The Australian and New Zealand Journal of Psychiatry, 46(8), 753—
761. https://doi.org/10.1177/0004867412453089

Garcia-Garcia, 1., Michaud, A., Dadar, M., Zeighami, Y., Neseliler, S., Collins, D. L., ... Dagher, A. (2019).
Neuroanatomical differences in obesity: Meta-analytic findings and their validation in an independent
dataset. International Journal of Obesity (2005), 43(5), 943-951. https://doi.org/10.1038/s41366-
018-0164-4

21



Gaser, C., Franke, K., Kloppel, S., Koutsouleris, N., Sauer, H., & Alzheimer's Disease Neuroimaging
Initiative. (2013). BrainAGE in mild cognitive impaired patients: predicting the conversion to
Alzheimer’s disease. PloS one, 8(6).

Gejl, M., Gjedde, A., Egefjord, L., Meller, A., Hansen, S. B., Vang, K., ... Rungby, J. (2016). In
Alzheimer’s Disease, 6-Month Treatment with GLP-1 Analog Prevents Decline of Brain Glucose
Metabolism: Randomized, Placebo-Controlled, Double-Blind Clinical Trial. Frontiers in Aging
Neuroscience, 8, 108. https://doi.org/10.3389/fnagi.2016.00108

Godin, O., Leboyer, M., Schiirhoff, F., Llorca, P.-M., Boyer, L., Andre, M., ... FACE-SZ (FondaMental
Academic Centers of Expertise for Schizophrenia) Group. (2018). Metabolic Syndrome and Illness
Severity Predict Relapse at 1-Year Follow-Up in Schizophrenia: The FACE-SZ Cohort. The Journal
of Clinical Psychiatry, 79(6). https://doi.org/10.4088/JCP.17m12007

Gogtay, N., & Thompson, P. M. (2010). Mapping gray matter development: implications for typical
development and vulnerability to psychopathology. Brain and cognition, 72(1), 6-15.

Gomez-Pinilla, F. (2011). The combined effects of exercise and foods in preventing neurological and
cognitive disorders. Preventive Medicine, 52 Suppl 1, S75-80.
https://doi.org/10.1016/j.ypmed.2011.01.023

Good, C. D., Johnsrude, 1. S., Ashburner, J., Henson, R. N., Friston, K. J., & Frackowiak, R. S. (2001). A
voxel-based morphometric study of ageing in 465 normal adult human brains. Neurolmage, 14(1 Pt
1), 21-36. https://doi.org/10.1006/nimg.2001.0786

Goracci, A., Rucci, P., Forgione, R. N., Campinoti, G., Valdagno, M., Casolaro, I., ... Fagiolini, A. (2016).
Development, acceptability and efficacy of a standardized healthy lifestyle intervention in recurrent
depression. Journal of Affective Disorders, 196, 20-31. https://doi.org/10.1016/j.jad.2016.02.034

Gudala, K., Bansal, D., Schifano, F., & Bhansali, A. (2013). Diabetes mellitus and risk of dementia: A
meta-analysis of prospective observational studies. Journal of diabetes investigation, 4(6), 640-650.

Guillemot-Legris, O., Masquelier, J., Everard, A., Cani, P. D., Alhouayek, M., & Muccioli, G. G. (2016).
High-fat diet feeding differentially affects the development of inflammation in the central nervous
system. Journal of Neuroinflammation, 13(1), 206. https://doi.org/10.1186/s12974-016-0666-8

Gunstad, J., Lhotsky, A., Wendell, C. R., Ferrucci, L., & Zonderman, A. B. (2010). Longitudinal
examination of obesity and cognitive function: results from the Baltimore longitudinal study of
aging. Neuroepidemiology, 34(4), 222-229.

Gustavsson, A., Svensson, M., Jacobi, F., Allgulander, C., Alonso, J., Beghi, E., ... & Gannon, B. (2011).
Cost of disorders of the brain in Europe 2010. European neuropsychopharmacology, 21(10), 718-
779.

Hajek, T., Calkin, C., Blagdon, R., Slaney, C., & Alda, M. (2015). Type 2 diabetes mellitus: a potentially
modifiable risk factor for neurochemical brain changes in bipolar disorders. Biological psychiatry,
77(3), 295-303.

Hajek, T., Calkin, C., Blagdon, R., Slaney, C., Uher, R., & Alda, M. (2014). Insulin resistance, diabetes
mellitus, and brain structure in bipolar disorders. Neuropsychopharmacology, 39(12), 2910-2918.

Hajek, T., Carrey, N., & Alda, M. (2005). Neuroanatomical abnormalities as risk factors for bipolar disorder.
Bipolar disorders, 7(5), 393-403.

Hajek, T., Cullis, J., Novak, T., Kopecek, M., Blagdon, R., Propper, L., ... & Paus, T. (2013). Brain structural
signature of familial predisposition for bipolar disorder: replicable evidence for involvement of the
right inferior frontal gyrus. Biological psychiatry, 73(2), 144-152.

Hajek, T., Franke, K., Kolenic, M., Capkova, J., Matejka, M., Propper, L., ... & Kopecek, M. (2019). Brain
age in early stages of bipolar disorders or schizophrenia. Schizophrenia bulletin, 45(1), 190-198.

Hajek, T., Gunde, E., Slaney, C., Propper, L., MacQueen, G., Dufty, A., & Alda, M. (2009). Striatal volumes
in affected and unaffected relatives of bipolar patients—high-risk study. Journal of psychiatric
research, 43(7), 724-729.

22



Hajek, T., Novak, T., Kopecek, M., Gunde, E., Alda, M., & Hoschl, C. (2010). Subgenual cingulate volumes
in offspring of bipolar parents and in sporadic bipolar patients. European archives of psychiatry and
clinical neuroscience, 260(4), 297-304.

Hajek, T., & W Weiner, M. (2016). Neuroprotective effects of lithium in human brain? Food for thought.
Current Alzheimer Research, 13(8), 862-872.

Haltia, L. T., Viljanen, A., Parkkola, R., Kemppainen, N., Rinne, J. O., Nuutila, P., & Kaasinen, V. (2007).
Brain white matter expansion in human obesity and the recovering effect of dieting. The Journal of
Clinical Endocrinology and Metabolism, 92(8), 3278-3284. https://doi.org/10.1210/jc.2006-2495

Hamer, M., & Batty, G. D. (2019). Association of body mass index and waist-to-hip ratio with brain
structure: UK Biobank study. Neurology, 92(6), €594-e600.
https://doi.org/10.1212/WNL.0000000000006879

Hibar, D. P., Westlye, L. T., Doan, N. T., Jahanshad, N., Cheung, J. W., Ching, C. R., ... & Krdmer, B.
(2018). Cortical abnormalities in bipolar disorder: an MRI analysis of 6503 individuals from the
ENIGMA Bipolar Disorder Working Group. Molecular psychiatry, 23(4), 932-942.

Hirschfeld, R., Lewis, L., & Vornik, L. A. (2003). Perceptions and impact of bipolar disorder: how far have
we really come? Results of the national depressive and manic-depressive association 2000 survey of
individuals with bipolar disorder. The Journal of clinical psychiatry.

Immonen, J., Jadaskeldinen, E., Korpela, H., & Miettunen, J. (2017). Age at onset and the outcomes of
schizophrenia: A systematic review and meta-analysis. Early intervention in psychiatry, 11(6), 453-
460.

Jorgensen, K. N., Nesvég, R., Nerland, S., Merch-Johnsen, L., Westlye, L. T., Lange, E. H., ... & Agartz, L.
(2017). Brain volume change in first-episode psychosis: an effect of antipsychotic medication
independent of BMI change. Acta Psychiatrica Scandinavica, 135(2), 117-126.

Kolenic, M., Capkova, J., Hajek, T. (2016). Insulin resistance, type 2 diabetes mellitus and bipolar disorders.
Psychiatrie. 20(3), 147-152.

Kolenic, M., Franke, K., Hlinka, J., Matejka, M., Capkova, J., Pausova, Z., ... Hajek, T. (2018). Obesity,
dyslipidemia and brain age in first-episode psychosis. Journal of Psychiatric Research, 99, 151-158.
https://doi.org/10.1016/j.jpsychires.2018.02.012

Koutsouleris, N., Davatzikos, C., Borgwardt, S., Gaser, C., Bottlender, R., Frodl, T, ... & Pantelis, C. (2014).
Accelerated brain aging in schizophrenia and beyond: a neuroanatomical marker of psychiatric
disorders. Schizophrenia bulletin, 40(5), 1140-1153.

Kullmann, S., Heni, M., Hallschmid, M., Fritsche, A., Preissl, H., & Héring, H. U. (2016). Brain insulin
resistance at the crossroads of metabolic and cognitive disorders in humans. Physiological reviews,
96(4), 1169-12009.

Laidi, C., d’Albis, M.-A., Wessa, M., Linke, J., Phillips, M. L., Delavest, M., ... Houenou, J. (2015).
Cerebellar volume in schizophrenia and bipolar I disorder with and without psychotic features. Acta
Psychiatrica Scandinavica, 131(3), 223-233. https://doi.org/10.1111/acps.12363

Laidi, Charles, Hajek, T., Spaniel, F., Kolenic, M., d’Albis, M.-A., Sarrazin, S., ... Houenou, J. (2019).
Cerebellar parcellation in schizophrenia and bipolar disorder. Acta Psychiatrica Scandinavica.
https://doi.org/10.1111/acps.13087

Mansur, R. B., Ahmed, J., Cha, D. S., Woldeyohannes, H. O., Subramaniapillai, M., Lovshin, J., ...
Mclntyre, R. S. (2017a). Liraglutide promotes improvements in objective measures of cognitive
dysfunction in individuals with mood disorders: A pilot, open-label study. Journal of Affective
Disorders, 207, 114—120. https://doi.org/10.1016/j.jad.2016.09.056

Mansur, R. B., Zugman, A., Ahmed, J., Cha, D. S., Subramaniapillai, M., Lee, Y., ... Mclntyre, R. S.
(2017b). Treatment with a GLP-1R agonist over four weeks promotes weight loss-moderated
changes in frontal-striatal brain structures in individuals with mood disorders. FEuropean
Neuropsychopharmacology: The Journal of the European College of Neuropsychopharmacology,
27(11), 1153-1162. https://doi.org/10.1016/j.euroneuro.2017.08.433

23



Manu, P., Dima, L., Shulman, M., Vancampfort, D., De Hert, M., & Correll, C. U. (2015). Weight gain and
obesity in schizophrenia: epidemiology, pathobiology, and management. Acta Psychiatrica
Scandinavica, 132(2), 97-108.

Masouleh, S. K., Arélin, K., Horstmann, A., Lampe, L., Kipping, J. A., Luck, T., ... & Witte, A. V. (2016).
Higher body mass index in older adults is associated with lower gray matter volume: implications for
memory performance. Neurobiology of aging, 40, 1-10.

Miller, C. J., Grogan-Kaylor, A., Perron, B. E., Kilbourne, A. M., Woltmann, E., & Bauer, M. S. (2013).
Collaborative chronic care models for mental health conditions: cumulative meta-analysis and meta-
regression to guide future research and implementation. Medical care, 51(10), 922.

Minichino, A., Ando’, A., Francesconi, M., Salatino, A., Delle Chiaie, R., & Cadenhead, K. (2017).
Investigating the link between drug-naive first episode psychoses (FEPs), weight gain abnormalities
and brain structural damages: Relevance and implications for therapy. Progress in Neuro-
Psychopharmacology & Biological Psychiatry, 77, 9-22.
https://doi.org/10.1016/j.pnpbp.2017.03.020

Miquel, M., Vazquez-Sanroman, D., Carbo-Gas, M., Gil-Miravet, 1., Sanchis-Segura, C., Carulli, D., ...
Coria-Avila, G. A. (2016). Have we been ignoring the elephant in the room? Seven arguments for
considering the cerebellum as part of addiction circuitry. Neuroscience and Biobehavioral Reviews,
60, 1-11. https://doi.org/10.1016/j.neubiorev.2015.11.005

Moberget, T., Doan, N. T., Alnas, D., Kaufmann, T., Cérdova-Palomera, A., Lagerberg, T. V., ... Westlye,
L. T. (2018). Cerebellar volume and cerebellocerebral structural covariance in schizophrenia: A
multisite mega-analysis of 983 patients and 1349 healthy controls. Molecular Psychiatry, 23(6),
1512—-1520. https://doi.org/10.1038/mp.2017.106

Mueller, K., Méller, H. E., Horstmann, A., Busse, F., Lepsien, J., Blither, M., ... Pleger, B. (2015). Physical
exercise in overweight to obese individuals induces metabolic- and neurotrophic-related structural
brain plasticity. Frontiers in Human Neuroscience, 9, 372.
https://doi.org/10.3389/fnhum.2015.00372

Mueller, K., Méller, H. E., Horstmann, A., Busse, F., Lepsien, J., Blither, M., ... & Pleger, B. (2015).
Physical exercise in overweight to obese individuals induces metabolic-and neurotrophic-related
structural brain plasticity. Frontiers in human neuroscience, 9, 372.

Nenadi¢, L, Dietzek, M., Langbein, K., Sauer, H., & Gaser, C. (2017). BrainAGE score indicates accelerated
brain aging in schizophrenia, but not bipolar disorder. Psychiatry Research: Neuroimaging, 266, 86-
89.

Newcomer, J. W. (2007). Metabolic syndrome and mental illness. American Journal of managed care, 13(7),
S170.

Norton, S., Matthews, F. E., Bames, D. E., Yaffe, K., & Brayne, C. (2014). Potential for primary prevention
of Alzheimer's disease: an analysis of population-based data. The Lancet Neurology, 13(8), 788-794.

Opel, N., Thalamuthu, A., Milaneschi, Y., Grotegerd, D., Flint, C., Leenings, R., ... & Berger, K. (2020).
Brain structural abnormalities in obesity: relation to age, genetic risk, and common psychiatric
disorders. Molecular Psychiatry, 1-14.

Opel, N., Redlich, R., Grotegerd, D., Dohm, K., Heindel, W., Kugel, H., ... Dannlowski, U. (2015). Obesity
and major depression: Body-mass index (BMI) is associated with a severe course of disease and
specific neurostructural alterations. Psychoneuroendocrinology, 51, 219-226.
https://doi.org/10.1016/j.psyneuen.2014.10.001

Pajonk, F.-G., Wobrock, T., Gruber, O., Scherk, H., Berner, D., Kaizl, L, ... Falkai, P. (2010). Hippocampal
plasticity in response to exercise in schizophrenia. Archives of General Psychiatry, 67(2), 133—-143.
https://doi.org/10.1001/archgenpsychiatry.2009.193

Park, M. T. M., Pipitone, J., Baer, L. H., Winterburn, J. L., Shah, Y., Chavez, S., ... & Chakravarty, M. M.
(2014). Derivation of high-resolution MRI atlases of the human cerebellum at 3 T and segmentation
using multiple automatically generated templates. Neuroimage, 95,217-231.

24



Penttild, M., Jaaskeldinen, E., Hirvonen, N., Isohanni, M., & Miettunen, J. (2014). Duration of untreated
psychosis as predictor of long-term outcome in schizophrenia: systematic review and meta-analysis.
The British Journal of Psychiatry, 205(2), 88-94.

Pikula, A., Beiser, A. S., Wang, J., Himali, J. J., Kelly-Hayes, M., Kase, C. S., ... & Wolf, P. A. (2015). Lipid
and lipoprotein measurements and the risk of ischemic vascular events: Framingham Study.
Neurology, 84(5), 472-479.

Pillinger, T., Beck, K., Gobjila, C., Donocik, J. G., Jauhar, S., & Howes, O. D. (2017). Impaired glucose
homeostasis in first-episode schizophrenia: a systematic review and meta-analysis. JAMA psychiatry,
74(3), 261-269.

Prickett, C., Brennan, L., & Stolwyk, R. (2015). Examining the relationship between obesity and cognitive
function: a systematic literature review. Obesity research & clinical practice, 9(2), 93-113.

Rapoport, J. L., Giedd, J. N., & Gogtay, N. (2012). Neurodevelopmental model of schizophrenia: update
2012. Molecular psychiatry, 17(12), 1228-1238.

Rashid, N. A. A., Lim, J.,, Lam, M., Chong, S.-A., Keefe, R. S. E., & Lee, J. (2013). Unraveling the
relationship between obesity, schizophrenia and cognition. Schizophrenia Research, 151(1-3), 107—
112. https://doi.org/10.1016/j.schres.2013.09.020

Romero, J. E., Coupé, P., Giraud, R., Ta, V. T., Fonov, V., Park, M. T. M., ... & Manjon, J. V. (2017).
CERES: a new cerebellum lobule segmentation method. Neurolmage, 147, 916-924.

Salvi, V., Di Salvo, G., Kor¢akova, J., Torriero, S., Aragno, E., Koleni¢, M., ... & Hajek, T. (2020). Insulin
resistance is associated with verbal memory impairment in bipolar disorders. Journal of Affective
Disorders, 266, 610-614.

Sanches, M., Keshavan, M. S., Brambilla, P., & Soares, J. C. (2008). Neurodevelopmental basis of bipolar
disorder: a critical appraisal. Progress in Neuro-Psychopharmacology and Biological Psychiatry,
32(7), 1617-1627.

Schilling, C., Kiihn, S., Paus, T., Romanowski, A., Banaschewski, T., Barbot, A., ... & Dalley, J. W. (2013).
Cortical thickness of superior frontal cortex predicts impulsiveness and perceptual reasoning in
adolescence. Molecular Psychiatry, 18(5), 624-630.

Shah, C., Zhang, W., Xiao, Y., Yao, L., Zhao, Y., Gao, X,, ... Lui, S. (2017). Common pattern of gray-
matter abnormalities in drug-naive and medicated first-episode schizophrenia: A multimodal meta-
analysis. Psychological Medicine, 47(3), 401-413. https://doi.org/10.1017/S0033291716002683

Shan, H., Li, P., Liu, H., Nie, B., Yin, X., Zhang, T., ... Shan, B. (2019). Gray matter reduction related to
decreased serum creatinine and increased triglyceride, Hemoglobin A1C, and low-density lipoprotein
in subjects with obesity. Neuroradiology, 61(6), 703-710. https://doi.org/10.1007/s00234-019-
02202-3

Spaniel, F., Tintera, J., Rydlo, J., Ibrahim, L., Kasparek, T., Horacek, J., ... Hajek, T. (2016). Altered Neural
Correlate of the Self-Agency Experience in First-Episode Schizophrenia-Spectrum Patients: An
fMRI Study. Schizophrenia Bulletin, 42(4), 916-925. https://doi.org/10.1093/schbul/sbv188

Spertus, J., Horvitz-Lennon, M., Abing, H., & Normand, S.-L. (2018). Risk of weight gain for specific
antipsychotic drugs: A meta-analysis. NPJ Schizophrenia, 4(1), 12. https://doi.org/10.1038/s41537-
018-0053-9

Tiehuis, A. M., Van Der Graaf, Y., Mali, W. P., Vincken, K., Muller, M., & Geerlings, M. 1. (2014).
Metabolic syndrome, prediabetes, and brain abnormalities on MRI in patients with manifest arterial
disease: the SMART-MR study. Diabetes care, 37(9), 2515-2521.

Tuulari, J. J., Karlsson, H. K., Antikainen, O., Hirvonen, J., Pham, T., Salminen, P., ... Nummenmaa, L.
(2016). Bariatric Surgery Induces White and Grey Matter Density Recovery in the Morbidly Obese:
A Voxel-Based Morphometric Study. Human brain mapping, 37(11), 3745-3756.

Uniitzer, J., Schoenbaum, M., Druss, B. G., & Katon, W. J. (2006). Transforming mental health care at the
interface with general medicine: report for the presidents commission. Psychiatric services, 57(1),
37-47.

25



Ursache, A., Wedin, W., Tirsi, A., & Convit, A. (2012). Preliminary evidence for obesity and elevations in
fasting insulin mediating associations between cortisol awakening response and hippocampal
volumes and frontal atrophy. Psychoneuroendocrinology, 37(8), 1270-1276.

Vancampfort, D., Vansteelandt, K., Correll, C. U., Mitchell, A. J., De Herdt, A., Sienaert, P., ... & De Hert,
M. (2013). Metabolic syndrome and metabolic abnormalities in bipolar disorder: a meta-analysis of
prevalence rates and moderators. American Journal of Psychiatry, 170(3), 265-274.

Van Erp, T. G., Walton, E., Hibar, D. P., Schmaal, L., Jiang, W., Glahn, D. C., ... & Okada, N. (2018).
Cortical brain abnormalities in 4474 individuals with schizophrenia and 5098 control subjects via the
Enhancing Neuro Imaging Genetics Through Meta Analysis (ENIGMA) Consortium. Biological
psychiatry, 84(9), 644-654.

Vita, A., De Peri, L., Deste, G., & Sacchetti, E. (2012). Progressive loss of cortical gray matter in
schizophrenia: A meta-analysis and meta-regression of longitudinal MRI studies. Translational
Psychiatry, 2, €190. https://doi.org/10.1038/tp.2012.116

Wang, X., Luo, Q., Tian, F., Cheng, B., Qiu, L., Wang, S., ... & Jia, Z. (2019). Brain grey-matter volume
alteration in adult patients with bipolar disorder under different conditions: a voxel-based meta-
analysis. Journal of psychiatry & neuroscience: JPN, 44(2), 89.

Watson, S., Gallagher, P., Porter, R. J., Smith, M. S., Herron, L. J., Bulmer, S., ... Ferrier, I. N. (2012). A
randomized trial to examine the effect of mifepristone on neuropsychological performance and mood
in patients with bipolar  depression.  Biological  Psychiatry,  72(11), 943-949.
https://doi.org/10.1016/j.biopsych.2012.05.029

Whiteford, H. A., Degenhardt, L., Rehm, J., Baxter, A. J., Ferrari, A. J., Erskine, H. E., ... & Burstein, R.
(2013). Global burden of disease attributable to mental and substance use disorders: findings from
the Global Burden of Disease Study 2010. The lancet, 382(9904), 1575-1586.

Wijtenburg, S. A., Kapogiannis, D., Korenic, S. A., Mullins, R. J., Tran, J., Gaston, F. E., ... & Rowland, L.
M. (2019). Brain insulin resistance and altered brain glucose are related to memory impairments in
schizophrenia. Schizophrenia research, 208, 324-330.

Willette, A. A., & Kapogiannis, D. (2015). Does the brain shrink as the waist expands? Ageing Research
Reviews, 20, 86-97. https://doi.org/10.1016/j.arr.2014.03.007

Wisse, B. E. (2004). The Inflammatory Syndrome: The Role of Adipose Tissue Cytokines in Metabolic
Disorders Linked to Obesity. Journal of the American Society of Nephrology, 15(11), 2792-2800.
https://doi.org/10.1097/01.ASN.0000141966.69934.21

Wyman, A. E., & Atamas, S. P. (2018). Sirtuins and Accelerated Aging in Scleroderma. Current
rheumatology reports, 20(4), 16. https://doi.org/10.1007/s11926-018-0724-6

Xu, W., Tan, L., Wang, H. F,, Jiang, T., Tan, M. S., Tan, L., ... & Yu, J. T. (2015). Meta-analysis of
modifiable risk factors for Alzheimer's disease. Journal of Neurology, Neurosurgery & Psychiatry,
86(12), 1299-1306.

Yau, Po Lai, Kang, E. H., Javier, D. C., & Convit, A. (2014). Preliminary Evidence of Cognitive and Brain
Abnormalities in Uncomplicated Adolescent Obesity. Obesity (Silver Spring, Md.), 22(8), 1865—
1871. https://doi.org/10.1002/0by.20801

Zipursky, R. B. (2014). Why are the outcomes in patients with schizophrenia so poor?. The Journal of
clinical psychiatry, 75, 20-24.

Zipursky, R. B., Reilly, T. J., & Murray, R. M. (2013). The myth of schizophrenia as a progressive brain
disease. Schizophrenia bulletin, 39(6), 1363-1372.

26



8. PUBLICATIONS

Publications in extenso, that constitute the basis of the PhD thesis:
a) with impact factor

Kolenic, M., Franke, K., Hlinka, J., Matejka, M., Capkova, J., Pausova, Z., ... & Hajek,
T. (2018). Obesity, dyslipidemia and brain age in first-episode psychosis. Journal of
psychiatric research, 99, 151-158. (IF 3.917)

Hajek, T., Franke, K., Kolenic, M., Capkova, J., Matejka, M., Propper, L., ... &
Kopecek, M. (2019). Brain age in early stages of bipolar disorders or schizophrenia.
Schizophrenia bulletin, 45(1), 190-198. (IF 7.575)

Salvi, V., Di Salvo, G., Kor¢akova, J., Torriero, S., Aragno, E., Koleni¢, M., ... &
Hajek, T. (2020). Insulin resistance is associated with verbal memory impairment in
bipolar disorders. Journal of Affective Disorders, 266, 610-614. (IF 4.084)

Laidi, C., Hajek, T., Spaniel, F., Kolenic, M., d'Albis, M. A., Sarrazin, S., ... & Linke,
J. (2019). Cerebellar parcellation in schizophrenia and bipolar disorder. Acta
Psychiatrica Scandinavica, 140(5), 468-476. (IF 4.694)

b) without impact factor

Koleni¢ M., Capkova J., Hajek T. Insulin resistance, type 2 diabetes mellitus and
bipolar disorders; Psychiatrie, 2016 (3)

2. Other publications
a) with impact factor

Sebela, A., Kolenic, M., Farkova, E., Novak, T., & Goetz, M. (2019). Decreased need
for sleep as an endophenotype of bipolar disorder: an actigraphy study. Chronobiology
international, 36(9), 1227-1239. (IF 2.562)

Bakstein, E., Mlada, K., Farkova, E., Koleni¢, M., gpaniel, F., Mankova, D., ... &
Hajek, T. (2019). Cross-sectional and within-subject seasonality and regularity of

27



hospitalizations—a population study in mood disorders and schizophrenia. Bipolar
Disorders. (IF 4.936)

de Pierrefeu, A., Lofstedt, T., Laidi, C., Hadj-Selem, F., Bourgin, J., Hajek, T., ... &
Leboyer, M. (2018). Identifying a neuroanatomical signature of schizophrenia,
reproducible across sites and stages, using machine learning with structured sparsity.
Acta Psychiatrica Scandinavica, 138(6), 571-580. (IF 4.694)

b) without impact factor

28



