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Abstract

T1 and T2 relaxation times were examined in four pairs of monozygotic (MZ) twins discordant and concordant for schizophrenia with low
and high genetic loading for the illness and five healthy control MZ twin pairs. Patients with schizophrenia (n = 11) showed significant
prolongation in T1 relaxation times in the globus pallidus (GP) bilaterally (P < 0.005, Bonferroni corrected) when compared to 14 healthy MZ
twins.
© 2004 Elsevier SAS. All rights reserved.
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1. Introduction

In order to assess physical and chemical deviations in the
brain tissue in schizophrenia, we examined T1 and T2 relax-
ation times within the caudate nucleus, globus pallidus (GP),
thalamus, and frontal white matter in a group of monozy-
gotic (MZ) twins concordant and discordant for schizophre-
nia with presence and absence of familial loading of the ill-
ness and healthy controls. The study subjects were recruited
as representative of high and low risk subjects in terms of
their genetic preponderance towards schizophrenia. Our ini-
tial intention was to explore possible differences in brain meta-
bolic changes between sporadic and more “genetic” subjects.

2. Methods

2.1. Subjects

The study sample consisted of 13 MZ twin pairs. Four MZ
pairs were discordant and four were concordant for schizo-

phrenia while five were healthy twin pairs without personal
or psychiatric history. Valid data were obtained from three
affected subjects and four healthy of their healthy co-twins
of the four discordant pairs. None of the discordant pairs had
a family history of schizophrenia or other major psychiatric
disorder. Of the four concordant MZ twin pairs, three of them
had a family history of schizophrenia or schizophrenia spec-
trum disorder in their first-degree relatives. Discordant
affected twins and concordant twins thus represented groups
with lower and higher genetic loading for schizophrenia. All
twin pairs were reared together. Relevant clinical data are sum-
marized in Table 1.

Schizophrenic subjects were stabilized on their medica-
tion for at least 20 months prior to the study. None of the
subjects received medical treatment that might affect T1 and
T2 (e.g. diuretics) during the study procedure.

The study was approved by the Ethics Committee of the
Prague Psychiatric Center. The procedure was fully explained
to participants and written consent was obtained. Diagnosis
of schizophrenia was made by two experienced psychiatrists
according to the Structured Clinical Interview for DSM-
III-R. Monozygosity was confirmed with genetic analysis (the
concordance in 16 short tandem repeats markers) (Power-
Plex® 16 System, Promega, Madison, USA [10]).
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2.2. T1 and T2 measurement

We used a 1.5 T whole body imager Siemens Magnetom-
Vision (Siemens, Erlangen, Germany) equipped with a com-
mercially available CP head coil. After a standard localiza-
tion procedure by turbo spin echo sequences (5-mm
transversal and coronal slices: repetition time TR = 5.4 s, echo
time TE = 99 ms, flip angle = 180°, field of view FOV = 300
× 300 mm, matrix size: 154 × 256; 5-mm sagittal slices: TR
= 700 ms, TE = 12 ms, flip angle = 180°, FOV = 260 ×
260 mm, matrix size: 216 × 256) a 5-mm thick tilt-corrected
axial slice at the level of the basal ganglia was measured using
the following sequences:
• For T1 measurement a series of T1 weighted images (satu-

ration recovery) with repetition time TR varying from 100,
200, 400, 600, 800, 1000 and 1500 ms, and an echo time
TE = 22 ms were used with a field of view FOV 195 ×
260 mm and a matrix 154 × 256.

• For T2 measurement a standard 16-echo CPMG sequence
with TR = 3 s and echo spacing TE = 22.5 ms was used,
with field of view and matrix size the same as in T1 mea-
surement.
T1 and T2 maps were obtained by a three-parameter fitting

for each image pixel by an in-house software [7]. Values of
T1 and T2 were obtained from regions of interest (ROI)
selected in the caudate nucleus, putamen, GP, thalamus and
frontal white matter bilaterally. The sizes of the ROI were
approximately: caudate nucleus – 100 mm2, putamen –
190 mm2, GP – 90 mm2, thalamus – 240 mm2, frontal white
matter – 280 mm2.

Reproducibility of the relaxation time measurements was
ensured by regularly performed quality control [5]. The con-
trol was performed using gelatine phantoms both for T1 and
T2 measurements. Long-term reproducibility of the average
values of the relaxation time T2 obtained by a standard
16-echo CPMG pulse sequence on gelatine phantoms (with
T2 values close to those found in the brain, i.e. approxi-
mately 80 ms) is represented by a standard deviation below
10%. Similar results were obtained for reproducibility of T1.
The dispersion of in vivo T1 data may be slightly higher
because the phantoms did not have the same T1 relaxation
times as those found in the brain, nevertheless our quality
control excludes a systematic error.

2.3. Statistical analysis

Group differences in T1 and T2 relaxation times were
tested with the Kolmogorov–Smirnov test, Monte Carlo esti-
mation of exact P < 0.05 based on 30,000 sampled tables. A
Bonferroni correction was applied to take into account the
large number of comparisons (�/number of ROI = 0.05/10).
Therefore, T1 and T2 relaxation time differences were con-
sidered significant at P < 0.005. Statistical power was assessed
for two-tailed Mann–Whitney test, P = 0.005, assuming nor-
mal distribution of relaxation times.

3. Results

No statistically significant differences were found between
affected twins from discordant pairs and concordant twins.

Table 1
Clinical description of the groups of schizophrenic patients and controls

MZ twins
Discordant unaffected
mean (S.D.)

Discordant affected mean
(S.D.)

Concordant mean
(S.D.)

Controls mean
(S.D.)

Subjects n = 4 n = 3 n = 8 n = 10
Gender male/female 2/2 2/1 4/4 4/6
Age 32.7 (11.8) 32.7 (11.8) 30.3 (6.5) 30.2 (4.0)
Schizophrenia subtype Three paranoid type in

remission
Six paranoid type
(five chronic, one in
remission) two residual
type

Handedness 0 left 0 left 0 left 1 left
Education (years) 13.2 (2.2) 12.2 (0.4) 10.0 (1.5) 13.0 (1.4)
Duration of illness (years) 8.1 (5.3) 8.1 (4.3)
PANSS (P) 11.5 (1.8) 12.2 (3.9)
PANSS (N) 20.0 (10.6) 25.4 (5.5)
PANSS (G) 33.5 (11.9) 44.0 (13.2)
Type of medication Two risperidone,

flupenthixol
Two olanzapine,
two clozapine,
two haloperidol,
thioridazine,
fluphenazine

PANSS (total) 65.0 (23.8) 81.6 (21.5)
Current antipsychotic
exposure (years)

Typicals 7.0 (1.0) 15.2 (3.3)

Atypicals 2.1 (0.4) 5.7 (0.2)
Total antipsychotic exposure (years) 7.7 (4.4) 10.8 (5.3)
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However, given the group sample sizes of eight and three,
achieved power of the study ranged from 0.6% to 26%.

Post hoc exploratory analyses showed significant bilateral
prolongation in T1 relaxation times in the GP (Kolmogorov–
Smirnov test, Monte Carlo estimation of exact P < 0.005 based
on 30,000 sampled tables, Bonferroni corrected—5%
experiment-wise error rate, two-sided) in patients with schizo-
phrenia (pooled data from affected discordant MZ twins and
concordant twin pairs, n = 11) in comparison to healthy sub-
jects (pooled data from healthy controls and unaffected twins
from discordant MZ pairs, n = 14). Mean T1 for the right GP
was 941.6 ms, S.D. 64.3, and the left GP = 939.2 ms, S.D.
96.0 in the group with schizophrenia and for the right GP
789.3 ms, S.D. 80.7, and the left GP = 798.5 ms, S.D. 84.1 in
healthy subjects, respectively. Given the fact that healthy twins
from discordant pairs may represent an intermediate pheno-
type and thus bias the results, those subjects were subse-
quently excluded from the analysis. Nevertheless, the results
remained significant (P < 0.005, Bonferroni corrected). In
this case, group sample sizes of 11 and 10 achieved power
97% for the right and 76% for the left GP, respectively.

The mean values of T1 in each ROI bilaterally are summa-
rized in Table 2. No significant differences between the groups
were found in T2 relaxation times.

4. Discussion

We did not find significant differences in T1 and T2 relax-
ation times between the groups considered at lower and higher
genetic predisposition to schizophrenia. However, the study
was underpowered and the possibility of false negative results
needs to be considered. Pooled data from all patients with
schizophrenia, both from discordant and concordant pairs,
demonstrated prolongation of the T1 relaxation time com-
pared to healthy subjects in the GP bilaterally.

The finding suggest a relatively increased amount of
weakly bound water in patients with schizophrenia within this
subregion of the basal ganglia compared to healthy subjects.
As all patients were receiving antipsychotic treatment it is
unclear whether the observed prolongation of T1 value was

associated with antipsychotic medication or with the patho-
physiology of schizophrenia. Both neuroimaging and histo-
logical studies have repeatedly shown that antipsychotics
affect the basal ganglia. It is hypothesized that a volume
increase in basal ganglia nuclei observed in antipsychotic-
treated patients [4,9] together with aberrant histological find-
ings within the area [8] are mediated through sustained
D2 receptor antagonism [2].

The impact of anitpsychotics on relaxation times remains
unresolved. One animal study that initially suggested that
haloperidol may prolong T1 relaxation time [3] was not
proved replicable and have subsequent studies have failed to
find any effect of antipsychotics on relaxation times [6]. Sev-
eral studies examined relaxation times in the basal ganglia of
patients with schizophrenia in relation to the presence or
absence of tardive dyskinesia following long-term antipsy-
chotic treatment. However, the results have been inconclu-
sive [1].

5. Conclusion

We found prolonged T1 relaxation times in the GP of
patients with schizophrenia compared to healthy controls. This
is probably due to the effect of antipsychotics although the
precise nature of the changes in brain tissue characteristics of
the patients cannot be specifically inferred from our data. To
examine whether prolongation of the T1 relaxation time
reflects specific tissue changes attributable to the long-term
antipsychotic medication requires further studies using MR
relaxometry in both medicated and unmedicated schizophre-
nia patients.
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Table 2
Mean T1 values (ms) and standard deviations for different brain regions

Discordant unaffected
mean (S.D.)

Discordant affected mean
(S.D.)

Concordant mean
(S.D.)

Controls mean
(S.D.)

Subjects n = 4 n = 3 n = 8 n = 10
GP Right 843.1 (41.3) 963.2 (77.0) 932.3 (62.4) 758.6 (83.5)

Left 851.0 (30.0) 1001.8 (162.1) 912.5 (47.8) 768.6 (92.0)
Putamen Right 1129.1 (55.8) 1408.2 (261.3) 1163.8 (58.9) 986.5 (130.2)

Left 1137.7 (97.7) 1324.3 (272.7) 1150.4 (75.1) 988.8 (148.3)
Caudate nucleus Right 1162.6 (110.3) 1449.3 (113.1) 1270.6 (153.7) 1108.6 (154.6)

Left 1202.6 (68.5) 1500.1 (209.6) 1293.1 (83.9) 1106.1 (169.1)
Thalamus Right 1001.6 (79.2) 1220.1 (88.0) 968.7 (62.2.) 887.5 (68.6)

Left 994.4 (104.8) 1244.6 (40.8) 1006.3 (31.4) 913.9 (77.7)
White matter Right 735.6 (65.1) 871.6 (94.5) 769.8 (65.7) 677.3 (51.9)

Left 739.2 (55.5) 855.5 (105.4) 749.4 (53.4) 685.1 (52.5)

GP: globus pallidus
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