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Progressive brain changes in schizophrenia:
a 1-year follow-up study of diffusion tensor
imaging

Ota M, Obu S, Sato N, Mizukami K, Asada T. Progressive brain changes
in schizophrenia: a 1-year follow-up study of diffusion tensor imaging

Objective: Recent cross-sectional studies suggest that brain changes in
schizophrenia are progressive during the course of the disorder. However,
it remains unknown whether this is a global process or whether some brain
areas are affected to a greater degree. The aim of this study was to
examine the longitudinal brain changes in patients with chronic older
schizophrenia by magnetic resonance imaging (MRI).
Methods: Three-dimensional (3D) T1-weighted and diffusion tensor (DT)
MRI were performed twice on each of 16 chronic older schizophrenia
patients (mean age = 58.1 ± 6.7 years) with an interval of 1 year between
imaging sessions. To clarify the longitudinal morphological and white
matter changes, volume data and normalised diffusion tensor imaging
(DTI) metrics were compared between the first and follow-up studies
using a paired t-test.
Results: Focal cortical volume loss was observed in the left prefrontal
lobe and anterior cingulate on volumetric study. In addition, DTI metrics
changed significantly at the bilateral posterior superior temporal lobes, left
insula, genu of the corpus callosum and anterior cingulate.
Conclusion: There are ongoing changes in the brains of schizophrenic
patients during the course of the illness. Discrepancies between volume
data and DTI metrics may indicate that the pattern of progressive brain
changes varies according to brain region.
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Introduction

Schizophrenia is a severe and disabling psychi-
atric illness, affecting approximately 1% of the
population. It is a chronic condition in a high pro-
portion of cases. Although the underlying patho-
physiology remains unknown, it has been hypoth-
esised that abnormalities in brain white matter play a
key role in the pathophysiology of schizophrenia(1).
Postmortem studies have identified abnormalities in
the myelin sheath(2), oligodendroglia(3) and inter-
stitial neurons(4) in schizophrenic patients compared
with those of healthy volunteers. Kraepelin(5) pos-
tulates frontal and temporal lobe abnormalities to
be central to the pathology of the disease. Recent
postmortem(6) and neuroimaging studies(7–15) have
provided a considerable amount of evidence for brain

abnormalities in the frontal and temporal regions of
the brain in schizophrenia. If the pathophysiology of
schizophrenia reflects a disturbance in the white mat-
ter, then such abnormalities might be observed by
using diffusion tensor imaging (DTI) because DTI
metrics are sensitive to nerve fibre changes. To date,
the uncinate fasciculus and superior longitudinal fas-
ciculus, i.e. the pathways through the frontotemporal
lobes, have been well investigated(10,16,17). Sev-
eral previous studies have reported differences in DTI
metrics between schizophrenic patients and healthy
volunteers, but results have been inconsistent and dif-
ferences between patients and volunteers have been
observed not only in the frontotemporal lobes but
also in the corpus callosum(18,19) and cingulate cor-
tex(20,21), and more widespread abnormalities in the
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brain have also been reported(22–25). These dif-
ferences may be attributed, in part, to differences
between individual patients. Schizophrenia is charac-
terised as a progressive illness, and it is known that
there are structural changes in white matter between
patients with first-episode schizophrenia and those
with chronic schizophrenia(9). Differences in illness
duration, age at scan, full-scale intellectual quotient
(IQ) and image processing and analysis, including
the use of region-of-interest (ROI) versus voxelwise
approaches, may also account for discrepancies in
these various findings(26,27). In addition, a study by
Andreasen et al.(7) suggests that impairments of the
’neocortical and limbic network’ after frontal dys-
function may occur secondarily.

Changes in the DTI metrics of patients with first-
episode schizophrenia might be less pronounced than
those in chronic patients(14,28), suggesting that the
changes in DTI metrics observed in schizophrenics
might be attributed, at least in part, to progressive and
exaggerated age-dependent rather than to neurodevel-
opmental abnormalities in the white matter. There
have been a few cross-sectional studies showing a
decrease in age-related fractional anisotropy (FA) in
schizophrenics(29) but, to the best of our knowledge,
there has been no longitudinal study on neurode-
generative change in schizophrenia to date. On the
other hand, Jones et al. mentioned that the previ-
ous studies including older schizophrenia patients are
less likely to find differences between schizophrenic
patients and control than studies including very
young subjects, and results may differ depending on
the age range of the subjects(10). So, this is in need
to examine the neurodegenerative change in older
schizophrenics as well as the neurodevelopmental
abnormalities in younger patients.

The purpose of the present longitudinal study was
to examine whether the older patients with chronic
schizophrenia show changed DTI metrics as well
as morphometric changes during the course of the
disorder, and whether the progress of these changes
is affected by other factors such as age at scan, illness
duration or the daily dose of antipsychotic drugs, and
so on.

Materials and methods

Subjects

Sixteen males with schizophrenia, defined according
to the criteria described in the fourth edition of the
Diagnostic and Statistical Manual of Mental Disor-
ders (DSM-IV), were recruited from inpatients at
Hospital Bando (Ibaraki, Japan). Their mean age was
58.1 ± 6.7 years (ranging from 47 to 69 years) and
their clinical characteristics are presented in Table 1.
The psychopathology was assessed using the positive

Table 1. Clinical characteristics of our 16 patients

Age 58.1 ± 6.7
Duration of illness (years) 34.9 ± 7.8
Scan interval (years) 1.0 ± 0.1
PANSS positive 11.7 ± 3.2
PANSS negative 16.6 ± 2.8
PANSS general 30.3 ± 5.3
TIQ 75.4 ± 16.2
Chlorpromazine equivalent dose of medication 1113.2 ± 610

TIQ, total intelligence quotient.

and negative syndrome scale (PANSS)(30), and clin-
ical evaluation included full-scale IQ of the Wech-
sler adult intelligence scale(31). All patients were
treated with antipsychotic medication. Exclusion cri-
teria included history of head injury, neurological
symptoms, speech or hearing difficulties, significant
cerebrovascular diseases (cortical infarctions, multi-
ple lacunar lesions or leukoaraiosis) and fulfillment
of DSM-IV criteria for abuse of illicit drugs or alco-
hol at any point during their lifetime. All participants
provided their written informed consent and the local
ethics committee approved the study protocol. The
interval between the initial and follow-up magnetic
resonance imaging (MRI) studies was approximately
1 year.

Data acquisition and processing

MRI was performed on a 1.5 Tesla Siemens Magne-
tom Harmony (Erlangen Germany). DTI was carried
out on the axial plane [echo time (TE)/repetition
time (TR) = 100/7000 ms; field of view (FOV),
262 × 262 mm; matrix 128 × 128; 40 continuous
transverse slices; slice thickness, 4 mm with no slice
gap]. To enhance the signal-to-noise ratio, acquisi-
tion was repeated four times. Diffusion was measured
along 12 non-collinear directions with the use of
a diffusion-weighted factor b in each direction of
1000 s/mm2, and one image was acquired without
the use of a diffusion gradient. High spatial reso-
lution three-dimensional (3D) T1-weighted images
of the brain were obtained for morphometric study.
3D T1-weighted images were scanned on the sagittal
plane [TE/TR, 3.93/1460 ms; flip angle, 15◦; effec-
tive section thickness, 1.5 mm; matrix, 512 × 416;
FOV, 250 × 203; one number of excitations (NEX)],
yielding 112 contiguous slices through the head. In
addition to DTI and 3D T1-weighted images, we
also acquired axial T2-weighted turbo spin echo
images (TE/TR, 95/3800 ms; slice thickness, 6 mm;
intersection gap, 1.2 mm; matrix, 384 × 288; FOV,
220 × 175 mm; acquisition, 1) and fluid attenuation
inversion recovery (FLAIR) images on the axial
plane (TE/TR, 104/9000 ms; flip angle, 170◦; slice
thickness, 6 mm; intersection gap, 1.2 mm; matrix,
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256 × 192; FOV, 220 × 175 mm; acquisition, 1) to
rule out cerebral vascular disease.

The raw diffusion tensor and 3D T1-weighted
volume data were transferred to the workstation and
the DTI data sets were analysed using DtiStudio(32).
The diffusion tensor parameters were calculated on a
pixel-by-pixel basis, and FA, mean diffusivity (MD)
and b = 0 images were then calculated.

Before analysis, we made a customised anatomical
T1 template from the 3D-T1 images of 32 partici-
pants(33). We then processed the images using Sta-
tistical Parametric Mapping 5 software (SPM5; Well-
come Department of Imaging Neuroscience, London,
UK) running on MATLAB 7.0 (Math Works, Nat-
ick, MA, USA). Optimised voxel-based morphom-
etry (VBM) was processed using the appropriate
SPM5 tool. Details of this process were previously
described by Good et al.(33). Briefly, we first nor-
malised the 3D-T1 images of 32 participants to
default SPM5 template using optimised VBM. Then,
we calculated the original 3D-T1 template image by
averaging 3D-T1 images of 32 participants. Second,
we normalised the 3D-T1 images of 32 participants to
original 3D-T1 template using optimised VBM once
again. Normalised segmented 3D-T1 images were
modulated by multiplication with Jacobian determi-
nants of the spatial normalisation function to encode
the deformation field for each subject as tissue den-
sity changes in normal space. Images were smoothed
using a 12-mm full-width half maximum of an
isotropic Gaussian kernel. We also normalised the
DTI metrics. First, each individual 3D-T1 image was
coregistered and resliced to its own b = 0 image.
Next, the coregistered 3D-T1 image was normalised
to the customised anatomical T1 template mentioned
above using optimised VBM method. And finally,
the transformation matrix was applied to the FA and
MD maps. Furthermore, to eliminate the effect of
the diffusivity of cerebrospinal fluid (CSF), the FA
and MD images were masked with the CSF image
derived from the segmented customised anatomical
T1 template. Each map was then spatially smoothed
by an 8-mm full-width half-maximum Gaussian ker-
nel in order to decrease spatial noise and compensate
for the inexact nature of normalisation following the
‘rule of thumb’ developed for functional MRI and
positron emission tomography studies(34).

Images of change rate were obtained in all three
factors (volume, FA and MD values) to examine the
relationship with variable clinical data. They were
processed as follow-up normalised scan image minus
baseline normalised scan image, divided by baseline
normalised scan image(35).

Statistical analysis

To clarify the longitudinal changes in schizophre-
nia, volume data and normalised DTI metrics were
compared between the initial and follow-up magnetic
resonance (MR) studies using a paired t-test with
Statistical Parametric Mapping 2 software (SPM2;
Wellcome Department of Imaging Neuroscience)
running on MATLAB 6.5 (Math Works). The rela-
tionships among the rate of regional brain change
per year and disease duration, full-scale IQ, daily
dose of antipsychotic drugs and age at scan date were
evaluated using a single-regression model.

To identify significant voxel clusters and to
minimise type II error, only correlations that met
these criteria were deemed statistically significant.
In this case, we selected a seed and cluster level of
p < 0.001 (uncorrected).

Results

There were significant changes in cortical volume,
FA and MD values in the space of a year, respec-
tively. Specifically, a loss of regional cortical volume
was observed in the anterior cingulate cortex (ACC)
and left prefrontal lobe (Fig. 1; Table 2), a decrease
in FA values was seen in the bilateral posterior supe-
rior temporal lobe, the genu of the corpus callosum
and the ACC (Fig. 2; Table 2), and an increase in MD
values was observed in the bilateral posterior superior
temporal lobe and left insula (Fig. 3; Table 2).

No correlations were found between the change
rate of the scan images of these three factors and
disease duration, age at scan, full-scale IQ or daily
dose of antipsychotic drugs (data not shown).

Fig. 1. Regions of grey matter atrophy in schizophrenic
patients upon 1-year follow-up (paired t -test, SPM2). Signifi-
cant volume losses were detected in the left prefrontal cortex
and bilateral ACC.
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Table 2. The voxel-based analysis showing significant difference in schizophrenic
patients upon 1-year follow-up

MNI coordinates

Metrics Structure name
Cluster voxel

number
Peak

T value X Y Z

3D-T1 Frontal (L) and 2745 5.68 −14 30 34
anterior cingulate 5.44 8 32 32

4.50 −30 14 24
FA Genu of corpus callosum 538 7.43 0 20 18

and anterior cingulate 5.56 −10 30 10
5.20 −2 26 10

Temporal WM (L) 231 6.80 −48 −34 12
Temporal WM (R) 470 7.99 48 −30 12

MD Insula (L) 145 7.27 −46 10 −2
Temporal WM (L) 141 6.56 −56 −28 10
Temporal WM (R) 202 6.19 52 −20 4

L, left side; MNI, Montreal Neurological Institute; R, right side; WM, white matter.

Fig. 2. Regions of decreased FA values in schizophrenic
patients upon 1-year follow-up (paired t -test, SPM2). Signifi-
cant decreases in FA values were detected in the genu of the
corpus callosum, the ACC and the bilateral temporal area.

Fig. 3. Regions of increased MD values in schizophrenic
patients upon 1-year follow-up (paired t -test, SPM2). Signif-
icant increases in MD values were detected in the left insula
and bilateral temporal area.

Discussion

To the best of our knowledge, this is the first study
that provides a longitudinal evaluation of follow-
up white matter changes in chronic schizophrenia.

Using MRI and DTI, we found that there were
ongoing changes in the brains of schizophrenic
patients during the course of the illness. We also
detected discrepancies between the results of volume
study and DTI analysis.

We observed a volume loss in the left pre-
frontal cortex. Volumetric, DTI and postmortem
studies(4,14,15,36) have shown that left prefrontal
impairment occurs in schizophrenia; our results from
volumetric data were consistent with these obser-
vations. With respect to DTI metrics, however, we
did not detect any changes in this region. A pre-
vious study showed that difference in FA between
schizophrenic patients and comparison controls was
detected in left superior longitudinal fasciculus, but
the difference was pronounced in the younger sub-
jects only and tended to disappear with increasing
age(10). In other words, the age-related change of
FA in controls caught up with the FA change caused
by the illness at the older groups. Some DTI stud-
ies have shown that FA and MD changes in white
matter can be detected earlier than changes in the
cortex in the same region in neurodegenerative ill-
ness(37,38). The inconsistencies in the present DTI
metrics and volumetric data in the left prefrontal cor-
tex may result from the cessation of the DTI metrics
change, which precedes a volume loss of the cortex,
and from the continuous robust shrinkage of the left
prefrontal cortex after the completion of the white
matter change. The relatively low mean full-scale IQ
of the participants (75.4 ± 16.2) may be a reflection
of this frontal dysfunction.

The present DTI study also showed white matter
abnormalities in the bilateral temporal area. Some
schizophrenia studies have shown left temporal
impairment(11,14,15), whereas the others indicate
disruptions of the bilateral temporal area(7,12,22,29).
The present study found changes in MD value in the
bilateral temporal areas and left insula, and volume
changes in the left prefrontal cortex. In a previous
study, Jones et al.(10) identified a disturbance of
the superior longitudinal fasciculus, which forms a
connection from the frontal to the temporal lobe
in schizophrenia, and also projects to the insula.
Taking these results into consideration, the present
results indicate a progressive disruption in the left
dominant bilateral temporal areas in schizophrenia.
In the present study, FA change of the left insula was
unclear, possibly because of predominant subcortical
connections and only weak or diffuse cortical
connections in the insula. Directionality of diffusion
was obscured by certain connections, and we were
unable to detect any changes in the FA value.

Previous DTI studies have shown abnormalities
in the ACC(21,22,39). The cingulate cortex has
profound reciprocal connections with many other
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regions, and functional, anatomical and histopatho-
logical studies provide considerable evidence that
the connections between subregions of the cingulate
cortex and other brain regions are disturbed in
schizophrenia(40,41). Consistent with the findings of
previous studies that used not only DTI but also other
methodologies, the present study supplies direct in
vivo evidence of structural disconnections between
the ACC and other brain regions in schizophrenia.
Nevertheless, our study did not show any increase
in MD in the ACC, possibly because of the par-
tial volume effect derived from the volume loss of
the ACC.

In the present study, we confirmed the abnormality
of the genu of the corpus callosum; this is con-
sistent with the results of previous studies(42–44).
As the largest commissure of the human brain, the
corpus callosum plays a central role in the hypocon-
nectivity(45,46) and misconnection(47) models of
schizophrenia. Some studies, however, have found
decreased FA values only in the splenium(18,19,22).
It is difficult to compare these studies as they dif-
fer not only in terms of the sample (first-episode
vs. chronic schizophrenia patients) but also in their
methods of analysis, which range from a whole-brain
voxelwise approach to the extraction of diffusion val-
ues from small ROIs, which again vary across studies
with respect to position and size. It is known that
the FA and MD values of corpus callosum subre-
gions can serve as indices of disturbance across their
respective projection areas(48), and that changes in
the genu where the projection fibre to the prefrontal
cortices runs through it may reflect changes in the
prefrontal cortex where there is cortical volume loss
was seen in schizophrenic patients(9,12,15). In the
present study, only the left prefrontal cortex, and not
the other cortices, decreased in volume during the
1-year test period, suggesting that the genu of the
corpus callosum may show only secondary change.
Our study found no increase in MD values in either
the genu or the ACC; however, this may result from
the partial volume effect because of the volume loss
of the ACC, which lies next to the corpus callosum.

There were several limitations to the present study.
First, we analysed only for patients. Volume loss
of the brain is known to accelerate with age and
the aging effect on white matter occurs relatively
slowly compared to cortical changes(34). It is also
known that 1-year follow-up studies show no age-
related change in DTI metrics in healthy older vol-
unteers(49,50). The present results indicate no cor-
relation between the rate of change of the brain
and age at scan, and may therefore be regarded as
showing a progressive disruption during the course
of the disorder that is almost free of the effects of

aging. Furthermore, it is known that there are no age-
related changes in FA in the temporal area in healthy
males(51,52).

Second, it is possible that there may be an effect of
long-term medication with antipsychotics. Although
daily dose of antipsychotics was not correlated with
DTI values in our study, we were unable to esti-
mate accurately the cumulative doses of antipsy-
chotics during each patient’s illness. Several mor-
phological MRI studies and animal studies suggest
that the administration of antipsychotics could affect
brain morphology(39,53). It is possible that long-
term medication with antipsychotics also affects the
microstructure of white matter in schizophrenics; lon-
gitudinal animal studies may clarify this issue.

Third, in the present study, we found no correla-
tion between the rate of regional brain change per
year and disease duration, full-scale IQ, daily dose
of antipsychotic drugs or age at scan date; however,
it must be kept in mind that our scan interval was
short. Further studies with longer scan intervals may
elucidate these points.

In summary, the present study confirms that there
are ongoing changes in the brains of schizophrenic
patients during the course of illness. Cortical vol-
ume loss was observed in the left prefrontal lobe,
but changes in the DTI metrics of the left frontal
white matter area were not, while there were changes
in the DTI metrics of the bilateral temporal areas,
but no shrinkage in these areas. These discrepan-
cies between the volume data and DTI metrics in
schizophrenic patients around age 60 suggest that the
pattern of progressive brain changes in schizophre-
nia varies by brain region. The present observations
remain to be replicated with a larger study population
and with healthy controls.
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