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Structural Brain Differences Between Never-Treated
Patients With Schizophrenia, With and Without
Dyskinesia, and Normal Control Subjects
A Magnetic Resonance Imaging Study
Robin G. McCreadie, DSc, MD, FRCPsych; Rangaswamy Thara, MD, PhD; Ramachandran Padmavati, MD;
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Background: In south India, abnormal movements in-

distinguishable from tardive dyskinesia have been observed in chronically ill patients with schizophrenia who
have never received antipsychotic medication. The present study, using magnetic resonance imaging, examines
brain structure in such patients, in those without dyskinesia, and in normal control subjects.
Methods: Chronically ill patients with schizophrenia with
and without dyskinesia and controls were identified in
villages south of Chennai, India (each group, n=31). Patients’ mental state was assessed by the Positive and Negative Syndrome Scale for schizophrenia, dyskinesia by the
Abnormal Involuntary Movements Scale, and parkinsonism by the Simpson and Angus scale. In patients and
controls, magnetic resonance imaging measured the volume of the caudate and lentiform nuclei and the lateral
ventricle-hemisphere ratio.
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Results: The left lentiform nucleus was significantly
(11%) larger in patients with dyskinesia compared with
controls, and the right lateral ventricle-hemisphere ratio was significantly (33%) larger in patients without dyskinesia compared with controls. In all 3 groups, there were
significant positive correlations between age and ventriclehemisphere ratio. In controls, but not in patients, there
were significant negative correlations between age and
the volume of the caudate and lentiform nuclei.
Conclusions: Never-treated patients with dyskinesia may
have striatal pathologic conditions and may represent a
subgroup of patients with schizophrenia; in those without abnormal movements, cortical atrophy is more apparent. The schizophrenic process may interfere with normal age-related anatomical changes in the basal ganglia.
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abnormal movements indistinguishable from tardive dyskinesia (TD) are not uncommon in chronically ill patients
with schizophrenia who have
never received antipsychotic medication.1,2 We sought to determine whether
there are any differences in brain structure
between 2 patient groups with and without dyskinesia, and how the 2 groups compare with normal subjects. For the past 20
years, using computed tomography or magnetic resonance imaging (MRI), researchers on TD have measured cerebral atrophy
and the size of the basal ganglia in treated
patients, with inconsistent results.3-14 For
example, studies have shown no differences between patients with and without
TD in the size of the caudate3,4,7,10,12 or lentiform nucleus9,10,12,13; other studies in patients with TD have found a larger caudate nucleus14; and others have found a
smaller caudate5,9,13 or lentiform nucleus.5
In 5 reports15-19 of drug-naive first-episode
patients, 3 found a reduction in volume of
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the caudate nucleus in patients compared
with control subjects16,17,19; the other 2 found
no differences.15,18 In 2 of the studies, there
were no differences in the size of the lentiform nucleus.17,18
In the present MRI study, we report on
the volume of the caudate and lentiform nuclei and the lateral ventricle-hemisphere ratio in never-treated chronically ill patients
with and without dyskinesia, and in normal control subjects.
RESULTS

Thirty-one patients with dyskinesia (18
men and 13 women) were identified, with
the same number and sex distribution of
patients without dyskinesia and of controls. There were no significant differences between patients with and without
dyskinesia in age, age at onset of illness, and
severity of mental state, as assessed by the
PANSS total score and subscales, nor between patients with dyskinesia and controls in age ( Table 1 ). Patients with
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SUBJECTS AND METHODS

involved was provided to them before obtaining their
consent.

SUBJECTS

ASSESSMENT

Patients were identified predominantly in and around the
village of Thiroporur, 40 km south of Madras (Chennai), in
south India. Here there is an outreach center run by SCARF
(Schizophrenia Research Foundation, Chennai, India), a nongovernmental organization specializing in research and community care of patients with schizophrenia. Community
mental health workers, trained to recognize major mental
illness, bring to the center individuals from villages within
a 20-km radius for assessment and treatment.
Patients were recruited if they fulfilled DSM-IV20 criteria for schizophrenia and had never received antipsychotic medication. The diagnosis was made through mental state examination results (see “Assessment”) and a history
obtained from patients and relatives. The diagnosis was made
by 1 of 2 psychiatrists (R.T. or R.P.), each of whom has postgraduate qualifications in psychiatry and has been practicing clinicians for more than 15 years. Patients were excluded if there was a history of seizures. No patients were
abusing street drugs. Two male patients used alcohol once
or twice monthly. No patient had ever received psychotropic medication. Analgesics and antipyretics were taken
as needed for short periods.
The study was approved by the ethical review board
at SCARF. Written consent was inappropriate as almost all
subjects were illiterate. All patients gave informed oral consent, witnessed by their next of kin, who also gave informed oral assent, and a SCARF staff member. The oral
consent was recorded in the patient’s case record. Because
almost all patients and their family members had to travel
a long distance from their homes to the city for MRI, a detailed oral explanation of the study and the procedures

dyskinesia had higher scores on the Simpson and Angus
parkinsonism scale than did patients without dyskinesia.
Three patients with dyskinesia and 1 patient without dyskinesia refused to be scanned. Through a miscommunication between the clinicians and the radiologist, the latter failed to measure ventricle and hemisphere
volumes in the first 16 patients, 5 with dyskinesia and
11 without dyskinesia. Therefore, the number of matched
pairs was substantially less in the comparisons of ventricle and hemisphere volumes and basal ganglia-hemisphere ratios.
There were 2 statistically significant betweengroup differences in brain structure (Table 2). First, the
absolute size of the lentiform nucleus was largest in patients with dyskinesia, followed by patients without dyskinesia, and then controls. The difference between patients with dyskinesia and controls was statistically
significant for the left lentiform nucleus, with the former
11% larger than the latter. Second, the lateral ventriclehemisphere ratio was largest in patients without dyskinesia, followed by patients with dyskinesia, and then controls. The difference between patients without dyskinesia
and controls was statistically significant on the right side,
with the former 33% larger than the latter.
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Mental state was assessed by the Positive and Negative Syndrome Scale (PANSS) for schizophrenia.21 The ratings were
made by 2 psychiatrists (R.T. and R.P.) fluent in English
and Tamil (the local language) and trained in the use of
the PANSS. The interrater reliability of the 2 psychiatrists
in a previous unpublished study was high (=0.86). One
psychiatrist (R.G.M.) examined each patient for evidence
of dyskinesia, using the Abnormal Involuntary Movements Scale,22 and of parkinsonism, using the Simpson and
Angus scale.23 A patient was said to have probable dyskinesia if he or she fulfilled Schooler and Kane criteria,24
namely, movements were “mild” in at least 2 of 7 individual areas rated or “moderate” in at least 1 area.
For each patient thus identified, another patient who
did not have dyskinesia was recruited and matched for sex,
age (within 5 years), and age at onset of illness (also within
5 years). Also recruited for each patient with dyskinesia was
a normal control subject in the same village, matched for
sex and age (within 5 years). In addition to the controls
themselves, at least 1 other member of their families was
interviewed to exclude a history of psychiatric disorder in
the controls, using DSM-IV criteria. All subjects were villagers of low socioeconomic class.
MRI SCANNING
Magnetic resonance imaging scans were carried out using
a scanner with uniform protocol and software (MR Vectra
II, version 4.10, O.5T; GE Medical Systems, Milwaukee,
Wis). One neuroradiologist (S.D.J.), blinded to subject
Continued on next page

We then considered hemisphere size in comparing
the size of the left lentiform nucleus in the patients with
dyskinesia and controls by using the lentiform-hemisphere ratio. There were only 23 matched pairs in whom
both the lentiform nucleus and hemisphere measurements were available. In this smaller group, the mean absolute value of the lentiform nucleus was not significantly higher in the patients with dyskinesia (mean [SD],
3.37 [0.60] vs 3.10 [0.79] mL), nor was the lentiformhemisphere ratio greater.
In the dyskinesia group, the scores on the PANSS
subscales and parkinsonism scale did not correlate significantly with the size of the left lentiform nucleus. In
the group without dyskinesia, the scores on the PANSS
subscales and parkinsonism scale did not correlate significantly with the lateral ventricle-hemisphere ratio.
When within-group correlations were calculated between age, the size of the caudate and lentiform nuclei,
and the ventricle-hemisphere ratio, in all 3 groups there
were significant positive correlations between age and ventricle-hemisphere ratio (Pearson r range, 0.44-0.73). In
the controls, but not in the patients, there were significant negative correlations between age and the size of the
caudate and lentiform nuclei (r range, −0.48 to −0.49).
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and dyskinesia status, made all the measurements. The subject’s head was positioned in a head coil fixation device,
centered at the orbitomeatal line with no angulation. A spin
echo sequence was used to obtain T2-weighted images in
the axial plane.
For a volumetric study of the basal ganglia, lateral
ventricles, and cerebral hemispheres at the level of the
caudate nucleus, a fast inversion recovery sequence was
used. Transaxial images were obtained using the following
sequence: repetition time, 5000 milliseconds; echo time,
13 milliseconds; inversion time, 600 milliseconds; number
of excitations, 2; matrix size, 192⫻256; slice thickness, 3
mm; number of contiguous slices with no gap, 24; field of
view, 30 cm; and imaging options, rectangular-pixel, no
phase wrap saturation–head first. All the axial images were
aligned along the canthomeatal orientation.
The head of the caudate nucleus was defined in the
transaxial plane as the mass of grey matter bounded inferolaterally by the anterior limb of the internal capsule,
superolaterally by the external capsule, and medially by the
lateral walls of the lateral ventricles. The superior extent
of the caudate nucleus was defined up to the confluence
of anterior and posterior horns of the lateral ventricles.
The lentiform nucleus was defined as the grey matter
bounded by the internal and external capsules. Region tracing for the superior extent of the lentiform nucleus (putamen) was done until the thalamus disappeared and the body
and the tail of the caudate nucleus became continuous. The
third ventricle was used to identify the inferior extent of
the lentiform nucleus.
All measurements were in cubic centimeters. The caudate nucleus and the lentiform nucleus were separately defined on the left and right side for each subject for volumetric measurements.
An image was displayed on the screen from the set of
inversion recovery sequences. The area of interest (ie, cau-

In the patients, there were no significant correlations between duration of illness and size of the caudate and lentiform nuclei, or between duration of illness and ventriclehemisphere ratio.
COMMENT

We recruited to our study chronically ill, never-treated
patients with schizophrenia. They were, on average,
middle-aged and had been ill for about 10 years. The late
age at onset of illness reflects the difficulty with our rural Indian patients in retrospectively assessing the exact
age at onset. We considered this to be the first appearance of positive schizophrenic symptoms, as estimated
by the patient or family, and obviously not first contact
with psychiatric services or hospital admission. The apparent late onset of illness raises the possibility that some
of our patients had an organic psychotic illness. However, we excluded from the study patients who had a history of seizures or alcohol or other drug abuse.
We are confident that the patients, although ill for
many years, had not been exposed to antipsychotic medication. The SCARF team has been working in the Thiropuror area for more than 6 years, and the health work(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 59, APR 2002
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date nucleus or lentiform nucleus) was defined by 2 sets of
fixed intensities within a cursor-defined region. A minimal
pixel intensity of 50 and a maximum pixel intensity of 150
were given. The cursor was positioned over the area of interest (caudate or lentiform nucleus) and its size adjusted.
Trace function was used to draw the area of interest. The
area in square centimeters was posted on the screen. A manual
mode was used to collect data from each image within the
selected range for the accurate definition of the area of interest. This was repeated separately for the caudate nucleus
and lentiform nucleus on either side. The volume was calculated by the MRI software by summing the areas.
Cerebral hemisphere volume and the lateral ventricular volumes were measured in 2 contiguous sections. The
inferior section was selected where both Monro foramina
were seen. The sulcal spaces were excluded for volume measurements.
Not all scan measurements were available on all patients and control subjects (see the “Results” section).
STATISTICAL ANALYSIS
As a result of the methods used, we recruited 3 sets of matched
pairs: patients with and without dyskinesia, patients with dyskinesia and controls, and patients without dyskinesia and
controls. Between-group differences in the size of brain structures were measured by paired t tests. We compared not only
differences in absolute size of the caudate and lentiform nuclei but also the caudate-hemisphere volume and lentiformhemisphere volume ratios.
Within-group correlations between age and the size
of different brain structures were measured by Pearson product moment correlation coefficient. As there were many correlations, we used the Scheffé multiple comparison test to
assess the level of significance. A 5% level of significance
was used. All tests were 2-tailed.

ers drawn from the villages know the families well,
especially details about health conditions and treatment. Also, there are no mental health services in this
region except for the outreach program of SCARF. Antipsychotics are not available in any of the local stores; therefore, it is improbable that any of these patients would have
received any antipsychotic medication.
We are also satisfied that the abnormal movements
rated were indistinguishable from TD. The rater (R.G.M.)
has had extensive experience in the use of the Abnormal Involuntary Movements Scale2 in TD and has made
more than 1500 ratings using this scale.
There are, however, limitations to our study. Patients who were eventually recruited to the study had first
to agree to come with outreach workers to the SCARF
center for assessment. They had to agree to be examined by clinicians and then travel with their relatives to
the city (up to 100 km) for an MRI scan. All this demanded a high degree of cooperation from the patients
and their families. We cannot be certain, therefore, that
those patients are representative of the large numbers of
never-treated patients in and around Thiropuror.
Another limitation is that the diagnosis of schizophrenia was made on clinical grounds, albeit by experiWWW.ARCHGENPSYCHIATRY.COM
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Table 1. Demographic and Clinical Data*
Patients With Dyskinesia
(n = 31)
Mean (SD) [range] age, y
Mean (SD) [range] age at onset of illness, y
Mean (SD) PANSS21 score
Positive scale
Negative scale
General psychopathology scale
Total
Mean (SD) dyskinesia AIMS22 score
Mean (SD) parkinsonism score23

43 (16) [18-70]
32 (12) [15-60]

Patients Without Dyskinesia
(n = 31)
44 (15) [17-70]
35 (13) [16-67]

19 (9)
17 (11)
29 (10)
65 (19)
7.1 (2.9)†
2.13 (2.5)‡

Control Subjects
(n = 31)
43 (16) [17-73]
...

19 (6)
17 (9)
28 (9)
64 (14)
0.5 (0.9)†
0.68 (1.1)‡

...
...
...
...
...
...

*PANSS indicates Positive and Negative Syndrome Scale; AIMS, Abnormal Involuntary Movements Scale; and ellipses, data not applicable.
†Mean difference (95% confidence interval): 6.58 (5.42-7.75), t 30 = 11.59, P⬍.001.
‡Mean difference (95% confidence interval): 1.45 (0.41-2.49), t30 = 2.86, P = .007.

Table 2. Magnetic Resonance Imaging Measurements*

Caudate nucleus
Left
Right
Lentiform nucleus
Left
Right
Hemisphere
Left
Right
Ventricle
Left
Right
Ventricle-hemisphere ratio
Left
Right

No.

Patients With
Dyskinesia

No.

Patients Without
Dyskinesia

No.

Control Subjects

28
28

1.13 (0.31)
1.07 (0.35)

30
30

1.12 (0.30)
1.08 (0.30)

31
31

1.27 (0.37)
1.16 (0.39)

28
28

3.44 (0.59)†
3.28 (0.64)

30
30

3.23 (1.20)
3.23 (0.77)

31
31

3.10 (0.73)†
3.02 (0.86)

23
23

22.34 (7.56)
22.02 (7.83)

19
19

22.85 (9.14)
23.04 (9.29)

31
31

21.80 (6.06)
21.72 (6.35)

23
23

1.67 (0.65)
1.56 (0.84)

19
19

1.93 (0.85)
1.77 (0.66)

31
31

1.51 (0.77)
1.36 (0.61)

23
23

0.08 (0.03)
0.08 (0.05)

19
19

0.09 (0.04)
0.08 (0.03)‡

31
31

0.07 (0.03)
0.06 (0.02)‡

*Values are given as mean (SD) milliliters unless otherwise indicated.
†Mean difference (95% confidence interval): 0.37 (0.04-0.70), t27 = 2.32, P = .02.
‡Mean difference (95% confidence interval): 0.02 (0.01-0.03), t18 = 2.76, P = .01.

enced clinicians, using the PANSS assessment and history from the patients and their families. A structured
diagnostic interview was not carried out.
There were several radiological limitations. First, the
imager had a low field-strength. Second, through a miscommunication, ventricle and hemisphere volumes were
not measured in the first 16 patients. Third, one radiologist alone was responsible for all MRI measurements. Fourth, there was only partial coverage of the brain
for the hemisphere values.
Compared with normal subjects, never-treated patients with dyskinesia had a larger lentiform nucleus, especially on the left side, and never-treated patients without dyskinesia had a larger lateral ventricle-hemisphere
ratio, especially on the right side. This suggests that the
patients with dyskinesia may have striatal pathologic conditions and may represent a subgroup of schizophrenia.
In those without abnormal movements, cortical atrophy
was more apparent. However, these results should be interpreted with caution. When we attempted to consider
the effect of hemisphere volume, the number of matched
pairs fell to 23. In this smaller group, although the differ(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 59, APR 2002
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ence in mean absolute lentiform nucleus volume between the patients with dyskinesia and the controls was
the same as in the total group, the difference was no longer
statistically significant, nor was the difference in mean lentiform-hemisphere ratio. Another note of caution is that
the significant differences were between patients and controls; there were no statistically significant differences between patients with and without dyskinesia.
Our findings suggest that the structure in the basal
ganglia of patients with dyskinesia that differs from that
of controls is the lentiform nucleus, not the caudate
nucleus. As stated in the introduction, most studies of
TD in treated patients and of spontaneous dyskinesia in
first-episode patients have found differences in the caudate nucleus rather than the lentiform nucleus. However, differences in the lentiform nucleus have also been
seen in studies in which patients not classified by TD status have been compared with normal controls.25,26 For
example, one study25 found an increased lentiform nucleus
in patients with chronic schizophrenia compared with
controls; as in our study, the increase was greater on the
left side. This study also found that the earlier the age of
WWW.ARCHGENPSYCHIATRY.COM
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onset of illness, the greater was the increase in lentiform
nucleus volume. The authors speculated that an increased lentiform nucleus volume in patients with schizophrenia could be related to the failure of late processes
of maturation that normally would result in its volume
reduction.
Longitudinal studies of drug-naive, then treated patients, or comparisons of drug-naive and treated patients, suggest that antipsychotic medication may enlarge the basal ganglia.15,16,27,28 Our study suggests that
chronically ill patients who have never received medication may also have an enlarged lentiform nucleus.
In the controls, there was an association between
age and the size of the basal ganglia and the ventriclehemisphere ratio: the older the person, the smaller the
basal ganglia and the larger the ventricle-hemisphere ratio. These age-related changes have been described previously in controls.29,30 In the patients, the relationship
between age and the ventricle-hemisphere ratio held; this
also has been demonstrated previously.31 However, there
was no relationship between age and the size of the basal
ganglia. This suggests that the schizophrenic process interferes with normal age-related anatomical changes in
the basal ganglia. One possible explanation is that age
and illness duration have opposing effects on basal ganglia volumes (ie, increased lentiform nucleus volume with
longer duration of illness). However, we found no correlation between duration of illness and size of the basal
ganglia.
We are further examining the differences between
the never-treated patients with and without movement
disorders. It has recently been shown that there may be
a dopamine D3 receptor gene variation in patients with
schizophrenia with TD.32 This does not seem to be the
case in our patients with spontaneous dyskinesia.33
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