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BRIEF REPORTS

Partial Volume Decrease of the Thalamus in Relatives
of Patients With Schizophrenia

Wouter G. Staal, M.D., Hilleke E. Hulshoff Pol, Ph.D., Hugo Schnack, Ph.D., 
Astrid C. van der Schot, M.S., and René S. Kahn, M.D., Ph.D.

Objective: The authors’ goal was to compare the thalamic, total brain, and intracranial
volumes of patients with schizophrenia, their healthy siblings, and normal comparison sub-
jects. Method: Magnetic resonance imaging (MRI) brain scans were obtained for 32 same-
sex siblings who were discordant for schizophrenia and 32 matched normal comparison
subjects. Results: Mean total thalamic volume, corrected for total brain volume, was signif-
icantly different among affected siblings, unaffected siblings, and comparison subjects.
Thalamic volume was smallest in the patients; thalamic volume in their siblings was smaller
than that of comparison subjects but larger than that of the patients with schizophrenia.
Conclusions: These results suggest that healthy siblings of patients with schizophrenia
partially share the thalamic abnormalities of their affected relatives. 

(Am J Psychiatry 1998; 155:1784–1786)

Schizophrenia is a chronic and prevalent psychiatric
disorder that is thought to have a genetic basis. Family
members of patients with schizophrenia have an ele-
vated risk of developing the disorder; this risk in-
creases proportionally to the degree of kinship (1).
Rates of schizophrenia are higher in children of moth-
ers with schizophrenia irrespective of whether they are
raised by their biological mothers. Moreover, the con-
cordance for schizophrenia in monozygotic twins is tri-
ple that in dizygotic twins, even in twins who are
raised apart (2).

An accumulating body of evidence suggests that
brain abnormalities are related to schizophrenia. The
most consistent morphological finding is ventricular
enlargement, which is indicative of decreased brain
volume (3). There is also evidence that the thalamus,
a nuclear complex with multiple connections to dif-
ferent parts of the brain, may be abnormal in schizo-
phrenia. Decreased volume of the thalamus, measured
with magnetic resonance imaging (MRI) (4–6), and
loss of thalamic neurons (7) have been reported con-
sistently in patients with schizophrenia. However,
whether the thalamic abnormalities are related to the
genotype or are secondary to environmental effects or
the disease process itself is unclear. We hypothesized

that the thalamic abnormalities in schizophrenia are
related to the genotype. To test this hypothesis, we
used MRI to measure thalamic volumes of patients
with schizophrenia, their healthy same-sex siblings,
and normal comparison subjects. Because healthy sib-
lings share no more than 50% of their genes with
their affected relative, we expected that thalamic ab-
normalities would be only partially present in the
healthy siblings.

METHOD

Thirty-two same-sex siblings (24 men and eight women) who
were discordant for schizophrenia and 32 normal comparison sub-
jects, matched for age, sex, and handedness, participated in this
study after written informed consent was obtained. Subjects with
any major medical or neurological illness were excluded, as were
patients with an IQ below 80 or a history of having received ECT.
Patients’ mean age at onset of illness was 21.9 years (SD=5.0), and
the mean duration of illness was 20.1 years (SD=8.0). All patients
were receiving antipsychotic medication (15 were receiving atypi-
cal medication and one was receiving typical medication). Four
patients were left-handed, and all healthy siblings were right-
handed.

The diagnosis of DSM-IV schizophrenia was determined by using
the Comprehensive Assessment of Symptoms and History and the
Schedule for Affective Disorders and Schizophrenia—Lifetime Ver-
sion. Personality disorders were ruled out in the healthy siblings by
using the Structured Interview for DSM-IV Personality Disorders.
All of the healthy siblings were at least 8 years older than the af-
fected sibling was when he or she developed the first symptoms of
schizophrenia, which implies that they were very unlikely to develop
schizophrenia in the future (8).

MRIs were obtained on a Philips 1.5 T scanner. For analysis of the
thalamus, total brain volume, and intracranial volume, T1-weighted
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scans with 1.2-mm contiguous coronal slices (TE=4.6 msec; TR=30
msec; flip angle=30º, field of view=256/80%) and T2-weighted scans
with 1.6 mm thick contiguous coronal slices (TE1=14 msec; TE2=80
msec; TR=6350 msec, field of view=256/80%) of the whole head
were acquired.

The MRI data were processed on a Unix 9000 series workstation.
Total brain volumes and intracranial volumes were automatically
measured after correction for scanner nonuniformity by using a se-
ries of operations based on intensity histogram analysis (9, 10) in the
T1- and T2-weighted scans. The left and right thalamus were identi-
fied and delineated in the T1-weighted scans by one rater, using AN-
ALYZE (Mayo Clinic, Rochester, Minn.). All scans were blinded
with respect to diagnosis and any identifying characteristics. The re-
liability of the rater, measured by intraclass correlation coefficient,
was 0.84 for the total thalamus, 0.77 for the left thalamus, and 0.86
for the right thalamus.

All variables were normally distributed within groups. Differences
in left and right (side) thalamic volume and differences in brain vol-
ume between groups were analyzed by using two-tailed repeated
measures analysis of covariance, with a diagnosis-by-side design and
with total brain volume and intracranial volume as covariants. Two-
tailed t tests were used to determine between-group differences. Be-
cause it can be argued that the patients and their siblings are paired,
differences in thalamic volume between patients and their siblings
were analyzed by using paired t tests, whereas differences between
patients and comparison subjects and differences between healthy
siblings and comparison subjects were analyzed by using indepen-
dent t tests.

RESULTS

In 14 of 16 patients with schizophrenia, thalamic
volumes were smaller than those of their individually
matched comparison subjects (χ2=9, df=1, p<0.005),
and in 12 of the 16 patients thalamic volumes were
smaller than those of their healthy siblings (χ2=4, df=
1, p<0.05). In 14 of the 16 healthy siblings the tha-
lamic volumes were smaller than those of their indi-
vidually matched comparison subjects (χ2=9, df=1,
p<0.005).

A significant between-group effect for thalamic
volume was found with total brain volume as covari-
ant (figure 1). Thalamic volumes in the affected sib-
lings were smaller than those in the comparison
group (t=4.1, df=46, p<0.001, independent t test).
Moreover, thalamic volumes of the healthy siblings
were smaller than those in the comparison group (t=
2.1, df=46, p<0.05, independent t test) but larger
than those in their affected siblings (t=2.6, df=15, p=
0.02, paired t test). The left thalamus was smaller
than the right (F=63.8, df=1, 61, p<0.001), but no
significant interaction effect between group and side
was found. There were no effects of sex on the tha-
lamic volume measurements.

A significant difference in total brain volume was
found by using intracranial volume as covariant (F=
4.8, df=2, 60, p=0.01): the patients had significantly
smaller volumes than their healthy siblings (t=2.3, df=
60, p=0.03) and the comparison subjects (t=3.0, df=
60, p=0.01). No difference in brain volume was found
between healthy siblings and the normal comparison
subjects (t=0.4, df=60, p=0.70).

DISCUSSION

This study reports an abnormal decrease in thalamic
volume in schizophrenic patients, which was also
found to a lesser extent in their healthy siblings. The
smallest thalamic volumes were found in the siblings
affected with schizophrenia. The thalamic volumes
of their healthy siblings, who are at greater risk for de-
veloping schizophrenia, were of intermediate size,
whereas the largest thalamic volumes were found in
the normal comparison group. This suggests that tha-
lamic volume may be related to a genetic liability to de-
velop schizophrenia. After correction for intracranial
volume, differences in total brain volumes were also
found. However, in contrast to the differences in tha-
lamic volumes, brain volumes of the healthy siblings
were similar to those of normal comparison subjects;
only the affected siblings showed smaller brain vol-
umes. Perhaps the decreased brain volume in our pa-
tients may be secondary to the pathophysiology of
schizophrenia or the result of additional environmen-
tal effects rather than related to genotype.

Several explanations for the partial decrease in tha-
lamic volume in the healthy siblings of schizophrenic
patients may be contemplated. If an interaction of sev-
eral genes is necessary to develop schizophrenia (2),
then an incomplete number of such genes might result
in partial thalamic volume decrease. Alternatively, en-
vironmental factors (e.g., obstetric complications or vi-
ral infections) combined with a genetic constitution for
developing schizophrenia may be necessary to result in
a complete thalamic volume loss that would not have
been present without these risk factors.

The strength of this study is that it relates thalamic
volume decrease to kinship with schizophrenic patients

FIGURE 1. Thalamic Volumes in 32 Same-Sex Siblings Discor-
dant for Schizophrenia and 32 Matched Normal Comparison
Subjectsa

a Significant group effect for thalamic volume (F=8.64, df=2, 60, p=
0.001). Horizontal lines indicate mean thalamic volumes for pa-
tients, siblings, and normal comparison subjects.
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in healthy siblings. However, a larger number of sub-
jects is required to draw more definitive conclusions.
Future family studies with larger numbers of subjects
may provide the necessary statistical power to confirm
our findings.
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