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Abstract

ere is increasing evidence for whitematter pathology in schizophrenia.
e aim of this study was to examine whether white matter abnormali-
ties found with diffusion tensor imaging (DTI) in previous schizophrenia
studies are present in the early phase of the illness.

DTI was performed at  Tesla of ten male patients with a rst () or
second () psychotic episode of schizophrenia or schizo-affective disor-
der, ten male patients at ultra-high risk for psychosis with (pre)psychotic
symptoms, and ten healthy controls. Fibertracts found abnormal in other
DTI studies (uncinate and arcuate fasciculus, anterior and dorsal cingu-
lum, subdivisions of the corpus callosum) were calculated and visualized;
tract-speci c measurements (fractional anisotropy and trace) were per-
formed.

No differences were found between the healthy subjects and two pa-
tient groups.

ese preliminary ndings suggest that there is no white matter
pathology of these association tracts detectable with DTI in the early
stages of schizophrenic illness in males. Our ndings are in contrast with
DTI abnormalities found in some other rst-episode studies. is dis-
crepancy in ndings may be related to differences in subject character-
istics and DTI methodology. Possible effects of age, gender, level of edu-
cation and illicit substance use on DTI ndings in schizophrenia are dis-
cussed.
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2.1.1 Introduction

Abnormal brain development in schizophrenia is thought to lead to
’dysconnectivity’ between brain areas associated with positive and nega-
tive symptom dimensions and cognitive dysfunctioning [, , ].e neu-
roanatomical substrate for this dysconnectivity may be dysplastic white
matter tracts as a result from abnormal development in utero [], de-
myelination during adolescence [, ] and adulthood [], or an arrest in
the normal process of myelination during brain maturation in adoles-
cence and middle age [].

With diffusion tensor imaging (DTI), brain white matter structure
can be assessed in a more detailed manner in vivo than with conven-
tional MRI []. In DTI the magnetic resonance signal is made sensitive
to the movement (or diffusion) of water molecules. A DTI index called
fractional anisotropy is increased by myelination [, ], coherence of b-
ertracts [], and by the structural integrity of bers, their diameter and
packing density [].

Subjects at ultra high-risk (UHR) for conversion to psychosis are char-
acterized by de ned trait or state factors including attenuated or brief
limited psychotic symptoms [, , ]. Studies in UHR subjects and rst
psychotic episode patients can provide insight in the early pathophysio-
logical mechanisms in schizophrenia-like disorder. Eight DTI studies in
patients with a recent onset of schizophrenia have been reported so far
[, , , , , , , ] and have reported abnormalities in sev-
eral white matter areas. To our knowledge, no DTI studies in UHR pa-
tients have been reported. One diffusion weighted study in rst-degree
relatives of schizophrenia patients found diffusion abnormalities in gray
matter structures not detectable with conventional MRI []. In chronic
schizophrenia patients, several DTI studies found reduced anisotropy in
numerous brain regions [, , , ]. One study found also increased
anisotropy in a subgroup of patients [].

Many DTI studies in schizophrenia examined regions of interest
(ROI) or used a voxel-by-voxel approach in gray-scale anisotropy images,
in which it can be difficult to locate abnormalities to speci c bertracts.
Advanced applications of DTI make it possible to calculate and visualize
the probable trajectories of white matter ber bundles (referred to as ‘ b-
ertracking‘; []) and allow tract-speci c measurements. To our knowl-
edge, this is the rst DTI study, which applies bertracking to examine
white matter tracts in UHR patients as well as patients with a rst or
second psychotic episode of schizophrenia or related disorder. Associ-
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ation bertracts connecting cortical regions may be primarily involved
in schizophrenia [] and we hypothesized that fractional anisotropy of
association bertracts, previously found to be abnormal in schizophre-
nia, would be altered in both patient groups compared to healthy con-
trols. Furthermore, antipsychotic medication use is a major confounder
in schizophrenia research andwe hypothesized that therewould be a pos-
itive correlation between duration and dose of antipsychotic treatment
andwhitematter fractional anisotropy, as found previously [, ,]. Such
a relation would be consistent with possible pro-myelination effects of
some atypical antipsychotics, which have been found to increase brain
neurosteroid and apolipoprotein D levels and blood lipid levels, which in
turn are thought to stimulate myelination in the brain [].

2.1.2 Methods

Subjects

is study was approved by the local and national medical ethics com-
mittees. Male patients diagnosed with a rst or second psychotic episode
of schizophrenia, schizo-affective disorder or schizophreniform disorder
(referred to next as schizophrenia-like disorders) were recruited from the
open-ward inpatient and day-care units of the Adolescent Clinic of the
Academic Medical Center. ese patients were approached when they
were deemed clinically able to give informed consent. Ultra-high-risk pa-
tients were recruited from a naturalistic, longitudinal study program re-
lated to the Adolescent Clinic, with an  month follow-up. ese pa-
tients are referred by mental health services. Inclusion criteria for these
patients were de ned according to criteria used in other studies [, , ]:
attenuated psychotic symptoms (e.g. odd beliefs, paranoid ideation) or
brief psychotic moments with spontaneous remission in less than one
week; and/or a decline in functioning in the past year ( reduction in
Global Assessment of Functioning scale) plus a genetic risk (e degree
relative with schizophrenia-like disorder or a schizotypal personality dis-
order); or two  ‘basic symptoms’ (cognitive, perceptual, emotional and
social disturbances; []).We included only males as white matter abnor-
malities may be gender-speci c []. Male healthy control subjects were
recruited through local advertisements andwerematched for educational
level, age and handedness.
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Table 2.1.2: White Matter Diffusion Tensor Measurements in Four Association Fibertracts

First-episode
Patients
(N=)

Ultra-High-
Risk Patients

(N=)

Healthy
Controls
(N=)

mean ± SD mean ± SD mean ± SD F df p

Uncinatus
Fractional anisotropy .  .
left . ±. . ±. . ±.
right . ±. . ±. . ±.

Trace .  .
left . ±. . ±. . ±.
right . ±. . ±. . ±.

Arcuatus
Fractional anisotropy (analyzed with uncinatus)
left . ±. . ±. . ±.
right . ±. . ±. . ±.

Trace (analyzed with uncinatus)
left . ±. . ±. . ±.
right . ±. . ±. . ±.

Cingulum
Fractional anisotropy .  .
dorsal left . ±. . ±. . ±.
dorsal right . ±. . ±. . ±.
anterior left . ±. . ±. . ±.
anterior right . ±. . ±. . ±.

Trace .  .
dorsal left . ±. . ±. . ±.
dorsal right . ±. . ±. . ±.
anterior left . ±. . ±. . ±.
anterior right . ±. . ±. . ±.

the FA distribution along the tract was skewed in the patients, which is
thought to represent reduced FA in the core of the tract. In accordance
with another rst-episode study [] we found no abnormalities in the
genu or splenium of the corpus callosum. In contrast, Cheung et al. did
nd reduced FA in the splenium of the corpus callosum in medication-

naive rst-episode patients [].
eremay be several explanations for this discrepancy in ndings be-

tween DTI studies in young-adult patients with schizophrenia-like disor-
der. First, the lack of differences between patients and controls in our
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Table 2.1.2: (continued)

First-episode
Patients
(N=)

Ultra-High-
Risk Patients

(N=)

Healthy
Controls
(N=)

mean ± SD mean ± SD mean ± SD F df p

Corpus Callosum
Fractional anisotropy .  .
splenium . ±. . ±. . ±.
posterior
truncus

. ±. . ±. . ±.

anterior
truncus

. ±. . ±. . ±.

genu . ±. . ±. . ±.
Trace .  .
splenium . ±. . ±. . ±.
posterior
truncus

. ±. . . . ±.

anterior
truncus

. ±. . ±. . ±.

genu . ±. . ±. . ±.

study may result from lack of power due to the small sample size. How-
ever, one rst-episode study nding differences included ten patients
[], whereas the study nding no differences included twenty patients
[].

Secondly, level of education of the subjects may be an important con-
founder, although subjects were matched carefully on educational level.
In our study, seven out of ten rst-episode patients and seven out of ten
UHR patients had received education at a Bachelor’s or Master’s level. A
structural MRI study in rst-episode patients with a high level of edu-
cation found no differences compared with healthy controls in cerebral
white matter volume [], while other rst-episode studies did [, ].
High educational level has been associated with good outcome [, ],
which in turn has been associated with a relative lack of brain abnormal-
ities at illness presentation [] and in the course of the illness []. Ed-
ucational level was not mentioned in four of the rst-episode or recent-
onset DTI studies [, , , ], and was somewhat higher in controls
in one study []. Parental socio-economic status or years of education
was matched in three studies [, , ].

ird, a gender effect may be involved. We included males only and
the sevenDTI studies showing abnormalities included bothmales and fe-
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