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A Follow-up Magnetic Resonance Imaging

Study of Schizophrenia

Relationship of Neuroanatomical Changes to Clinical

and Neurobehavioral Measures

Ragquel E. Gur, MD, PhD:; Patricia Cowell, PhD; Bruce I. Turetsky, MD; Fiona Gallacher, MS;

Tyrone Cannon, PhD; Warren Bilker, PhD; Ruben C.

Background: Cross-sectional neuroanatomical stud-
ies have reported abnormalities in schizophrenia that re-
late to disease variables. Longitudinal neuroimaging in-
vestigations that integrate anatomical, clinical, and
neurobehavioral measures may help clarify the patho-
genesis of schizophrenia.

Methods: Magnetic resonance brain imaging and
neurobehavioral studies were conducted at baseline
and after 30.63£12.92 months (mean+SD) in 40
patients with schizophrenia (23 men and 17 women)
and 17 healthy controls (13 men and 4 women). The
schizophrenia group included 20 first-episode and 20
previously treated subjects. Volumes of whole-brain,
cerebrospinal [luid, and frontal and temporal lobes
were measured. The severity of negative and positive
Symploms was assessed, medications were monitored,
and neurobehavioral functioning in 8 domains was
evaluated.

Gur, PhD

Results: Both first-episode and previously treated patients
had smaller brains and frontal and temporal lobes than con-
trolsatintake. Longitudinally, reduction in frontal lobe vol-
ume was found only in patients, whereas temporal lobe re-
duction wasalso seen in controls. The association between
volume reduction and symptom changes differed between
patient groups, but volume reduction was associated with
decline in some neurobehavioral functions in both groups,
Exploratory analysis suggested that neuroleptic dose is cor-
related with changes in all 3 domains.

Conclusions: The existence of neuroanatomical and neu-
robehavioral abnormalities in patients with first-
episode schizophrenia indicates that the brain dysfunc-
tion occurred before clinical presentation. However, there
is also evidence of progression, in which anatomical
changes may affect some clinical and neurobehavioral fea-
tures of the illness in some patients.

Arch Gen Psychiatry. 1998;55:145-152

ROSS-SECTIONAL com-
puted tomographic! and
magnetic resonance imag-
ing (MRI)?*® studies have
reported decreased brain

tricular size in 16 FE patients and 5 con-
trols 2 years after intake. Decreased right
temporal lobe volume was found in FE pa-
tients, but did not persist in a larger
sample.’® A report on 20 of these patients

From the Mental Health
Clinical Research Center,
Neuropsychiatry Section,
Department of Psychiatry,
University of Pennsylvania
School of Medicine,
Philadelphia.

volume in schizophrenia, affecting fron-
tal** and temporal*® regions. Abnormali-
ties in patients with first-episode (FE)
schizophrenia support a neurodevelopmen-
tal hypothesis because brain dysfunction pre-
cedes clinical presentation. However, a lon-
gitudinal design is necessary to examine the
progressive deterioration suggested by the
neurodegenerative hypothesis.
Computed tomographic follow-up
studies reported no changes in neuro-
anatomy”!! or increased cerebrospinal fluid
(CSF) in some patients.'!3 These studies
had small samples of patients with chronic
illness and limited scanning and measure-

- ment procedures. An MRI follow-up scan

(at 1-2 years) of 13 FE patients and 8 con-
trols** found no ventricular changes. DeL isi
etal'” found no consistent change in ven-
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and 5 controls who underwent rescan-
ning during the next 4 years noted de-
creases in whole-brain (WB) volume and
enlargement in left ventricular volume in
FE patients.'” The limited number of lon-
gitudinal MRI studies leaves unresolved the
question of progression and precludes the
distinction of disease-related changes from
those associated with normal aging. '
We have applied areliable and validated
MRImethod for measuring brain volume, 2
yielding parameters related to sex differences
and aging'®'® and to clinical features in
schizophrenia.”>*" We reported an age-
related reduction infrontal and temporal lobe
volumes in healthy men, and lower frontal
and temporal lobe volumes in patients with
schizophrenia. Temporal lobe volume cor-
related with impairment in memory and se-




SUBJECTS AND METHODS

SUBJECTS

Forty patients (20 FE and 20 previously treated [PT]; 24 in-
patients, 16 outpatients) and 17 healthy controls (Table 1),
whose intake data has been previously reported, partici-
pated in the longitudinal MRI study.’®1*%? Two women were
excluded because of movement during the MRI procedure.
Subjects had the same clinical, neurobehavioral, and neuro-
anatomical measures at intake and follow-up.

Patients had a DSM-IV diagnosis of schizophrenia that
had been established by measures detailed eartier % Healthy
controls underwent standard evaluations.?**! Subjects had
no disorder that might affect brain function. Informed con-
sent was obtained prior to participation.

PROCEDURES

Studies were conducted at intake and amean+SD 0f 29.8+12.2
(range,12-63) and 32.6+14.7 (zange, 15-68) months later for

while similarin both groups, varied across subjects. The MRI
follow-up was planned for about 2 years after intake. How-

- toclinical status. Qutpatient follow-up, with ratings at 6-month
intervals, permitted assessment of the course of illness and
ensured the absence of any new patholugical process that might
affect brain function. Patients with schizophreniform disor-
der met criteria for schizophrenia at follow-up.

At intake, FE patients were neuroleptic-naive, and PT
patients had not received neuroleptics for at least 2 weeks.*
Therapeutic interventions were clinically based, starting with
typical neuroleptics and introducing atypical ones as in-
dicated (Table 1). The medication record was updated

patients and controls, respectively. The range of follow-up,.

ever, logistics produced variability in scheduling unrelated -

between intake and follow-up using informatdon from patients,
caregivers, and medical records. Compliance was assessed by
monitoring ingestion, supply, and visits, but not blood ley-
els. Average daily dose was quantified as chlorpromazine-
equivalent milligrams per kilogram of body weight units.?

MRI MEASUREMENTS
Acquisition

Scans were acquired on the same, daily calibrated Signa 1.5-
tesla scanner (General Electric, Milwaukee, Wis) with uni-
form protocol and software. Scanning was over the same
epoch, with no relationship between scan date and vol-
ume estimates. Transaxial images were obtained in planes
parallel to the orbitomeatal line. A multiecho acquisition
sequence (TR=3000, TE=30, 80 milliseconds) was used,
and slices were 5 mm thick without gaps.

Volumetric Measures

A segmentation algorithm? used proton densities and T,-
weighted values of pixels within operator-defined regions
of interest, and volumetric calculations in milliliters were
performed for WB, CSF, and the frontal and temporal lobes.
Brains were realigned in 3 dimensions and resliced along
the anterior commissure/posterior commissure axis to cor-
rect for head tilt.’* The borders of the frontal and temporal
lobes were drawn by 2 investigators using standardized re-
liable (intraclass correlation >0.85) procedures.!* The
scans were blinded and mixed.

CLINICAL RATINGS

Assessments were conducted by trained investigators with
established (intraclass correlation >0.85) procedures.>?

verity of negative symptoms. These were observed in FE
patients, but the cross-sectional design is inadequate for es-
tablishing progression. The purpose of this prospective study
was to assess changes in MRI parameters and relate them
to clinical and neurobehavioral measures. Two hypotheses
were tested. Patients with schizophrenia show a decline in
frontaland temporal lobe volume that exceeds the age-related
decline observed in controls. The degree of decline is cor-
related with worsening of negative symptoms, improvement
of positive symptoms, and deteriorating neuropsychologi-
cal performance. We also examined the association of medi-
cation dose with neuroanatomical changes.

MAGNETIC RESONANCE IMAGING

WB and CSF Volumes

Mean+SD volume estimates (in milliliters) for WB at in-
take were 1201.2+£131.0, 1100.8+121.9, and 1079.4+121.3
for controls, FE patients, and PT patients, respectively. Vol-
umes from the 2 sessions were highly intercorrelated for
controls (0.98, 0.91, 0.85, 0.93 for WB, CSF, frontal lobe,

‘and temporal lobe, respectively) and patients (0.94, 0.87,

0.76,and 0.82) (P<<.001). The diagnosis X session X hemi-
sphere MANOVA for WB showed a significant main effect
for diagnosis (F[1,53] = 9.64; P=.003), patients having lower
volumes than controls. No other main effect or interac-
tion was significant. No effects or interactions were sig-
nificant for CSF. The MANOVAs comparing FE patients
with PT patients showed no main effects or interactions.

Frontal and Temporal Lobe Volumes

The diagnosis X session X hemisphere MANGVA for fron-
tallobe volumes showed main effects for diagnosis (F[1,53] =
5.67,P=.02), patients having lower volumes than controls,
and hemisphere (T=0.31,F[1,53]= 16.51, P<.001), higher
volumes on the right. There was a diagnosis X session X
hemisphere interaction (T=0.13,F[1,53]=6.71,P=.01). De-
composition of this interaction indicated that the reduction
1in patients was more pronounced in the left (4.2% reduc-
tion) than the right hemisphere (2.8% reduction). ‘

The same analysis for temporal lobe yielded signifi-
cant main effects for diagnosis (F[1, 53]1=6.94, P=.01, pa-
tients had lower volumes), session (T=0.52, F[1,531=27.61,
P<.001, lower volume for follow-up), and hemisphere
(T=0.08,F[1,53]=4.14, P=.05, higher values in the right).
There was also a diagnosis X session interaction (T=0.08,
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CORRELATIONS OF CHANGE INDEXES
WITH MEDICATION DOSE

For FE patients, higher medication dose was associated with
greater reductionin frontal and temporal volume (r=-0.75
and —0.66, respectively; P<.00 1). The corresponding cor-
relations for PT patients were nil (0.03 and 0.16). For FE
patients, higher dose was also associated with less improve-
ment inaffect (r=0.38),alogia (r=0.38),and avolition (r=0.40)
(all P<.05) and in the positive symptom of bizarre behav-
jor (r=0.66, P<.01),but with better improvement in delu-

*SANS indicates Scale for Assessment of Negative Symptoms®; SAPS,
Scale for Assessment of Positive Symptoms.* See Figure 2 legend for an
explanation of the subscale abbreviations.

sions (r=-0.35) and thought disorder (r=-0.46) (both
P<.05). These correlations were negligible in PT patients
except for hallucinations (r=0.50,P<.05), higher dose be-
ing associated with less improvement. The correlations be-
tween neuroleptic dose and change in neuropsychological
measures were generally negative for FE padents, higher dose
being associated with relative worsening of neuropsycho-
logical functioning. These reached significance for abstrac-
tion-flexibility (r=-0.45), spatial memory (r=-0.53),and
verbal (r=-0.53) and spatial (r=-0.41) abilities. The corre-
sponding correlations for PT patients were not significant.

We also examined whether correlations between vol-
ume change and clinical change were mediated by dose. The
partial correlations between volume and symptom change
(neuroleptic dose partialled ou t) did not change significance.
For example, the correlation between volume reduction in
temporal lobe and improvement in thought disorder in the
FE group was r=0.77, and partialling out the dose resulted
in a partial correlation g X Sympll,m_d(,._m=0 .71, both P<.01. An-
other potential source of variability is compliance with the
medication regimen. This was quantified as the number of
months in which medication was taken during the follow-
up period (Table 1). No correlation was found between this
measure and the average daily dosage of medication (r=0.14,
P=.41) nor was the correlation significant when the mea-
sure of months receiving medication was divided by thelength
of follow-up (r=-0.01, P=.95). Thus, itdoes notappear that
less compliant patients were given higher doses. We per-
formed regression analyses predicting regi onal brain volume
change based on neuroleptic dose after controlling for com-
pliance. The dose effects remained significant for both fron-
tal (P<.001) and temporal (P= .005) volumes in FE patients,
with no compliance or dose effects for the PT group.
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Figure 2. Correlations between brain volume change and clinical change. Frontal and temporal lobe brain tissue volumes are presented for first-episode and
previously treated patients. Clinical change was measured by the Scale for the Assessment of Negative Symptoms subscales (AF indicates affective flattening or

blunting; AL, alogia; AY,

(HA indicates hallucinations; DE, delusions; Bl, bizarre behavior; and TH, positive
(follow-up minus intake) reflect more improvement. For volumetric change measures,

severity ratings at follow-up, lower (and more negative) change scores

avolition-apathy; AN, anhedonia-asociality; and AT, attention) and by the Scale for the Assessment of Positive Symptoms subscales

formal thought disorder). Since clinical improvement is reflected in lower

Jower values reflect more tissue loss. Therefore, positive correlations indicate that higher rates of tissue loss are associated with higher rates of clinical
improvement, whereas negative correlations indicate that tissue loss Is associated with ciinical worsening for that symptom.
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Figure 3. Correlations between brain volume and neurobehavioral change. Frontal and temporal lobe brain tissue volumes are presented for first-episode and
previously treated patients. The neurobehavioral domains include abstraction and flexibility (ABF), aitention (ATT), verbal memory (VME), spatial memory (SME),
verbal abilities (VER), spatial abilities (SPA), sensory (SEN), and motor (MOT). Positive correlations indicate less tissue loss associated with less neurobehavioral
deterioration and negative correlations indicate /ess tissue loss associated with more deterioration (or, conversely, more tissue loss associated with Iess

neurobehavioral deterioration).

An ANOVA on clinical change scores showed bet-
ter improvement in women across positive and negative
symptoms (F[1,37]=5.39, P=.02). The ANOVA on the
volume measures showed only a main effect of sex
(F[1,37]= 5.93, P=.02), men having higher brain vol-
umes than women. Similarly for both frontal and tem-
poral lobes, only main effects of sex were observed
(F{1,37]1=4.79, P=.04 and F[1,37]=6.03, P=.02, respec-
tively). On the neurobehavioral measures there were no

sex differences in performance or change scores.

BEEmm— COMMENT

As in cross-sectional neuroanatomical studies,?*

take measures show that patients had lower WB and fron-
tal and temporal lobe volumes. Also consistent with ear-
lier reports, the volumes were similar in FE and PT patients.
Clinically, the patients’ presentation was comparable to that
observed in larger samples.** The neuropsychological pro-
file was also similar to that reported in schizophrenia, show-
ing differential deficits in abstraction, attention, and ver-
bal memory*>* and no differences between FE and PT
patients.*® These consistencies suggest that this sub-
sample resembles both the larger sample and samples from
other centers regarding the main dependent measures.
Our longitudinal clinical and neurobehavioral re-
sults are also consistent with earlier studies. Both groups
of patients showed the expected clinical 1mprovement as-
sociated with treatment, as in our larger sample* and other
samples.** Also corresponding with follow-up studies, im-
provement was more pronounced for positive symptoms,
particularly hallucinations and delusions, than for nega-
~ tive symptoms. This was more evident in FE than in PT
patients. Regarding neurobehavioral measures, the neuro-
psychological profile remained relatively stable in pa-

our in-

tients and controls.”* This stability is noticeable agamst'
a background of improvement in symptoms for patients,’
suggesting that neurobehavioral deficits are present at the"‘
onset of illness and do not change systematically over time.
These consistencies with earlier reports justify some con-
fidence in this sample’s representativeness and the valid-
ity of our clinical and neuropsychological parameters.

The longitudinal neuroanatomical findings are harder
to place in the context of earlier reports because of the pau-:
city of such research and the lack of consistent findings in:
the literature. Direct comparison of longitudinal with cross
sectional studies is problematic because intersubject vari
ability in the latter is likely to cause an underestimate of
individual change rates. Our study found reductions in th
volumes of both frontal and temporal lobes in patients, bu
there was also a temporal lobe volume reduction in con
trols. Reduction in controls could be consistent with cross
sectional studies indicating age-related decline.'®* The rate!
of decrease is difficult to estimate from cross-sectional stud-':
ies, may vary across the lifespan,’ and is more pro
nounced for men," who made up the majority of our con-
trols. Qur ability to detect subtle changes (4%-9%) may .
reflect the power of the within-subjects design and the re-
liability of the measures.'** However, without sufficient -
longitudinal data available, this finding should be inter-
preted with caution and replicated. The more pro-
nounced reduction in frontal and temporal lobes in FE than,
in PT patients may suggest that neuroanatomical changes
are more evident early in psychosis. The lack of difference.
between patient groups at intake may reflect sample vari
ability, since this contrast is cross-sectional. Thus, the ex:
pectation of greater volume decline in patients than con
trols was not supported for the temporal lobe, but for the
frontal lobe the FE group shows volume reduction not ob
served in controls or in PT patients.
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Correlations between volume change and clinical and
neurobehavioral changes have not been examined before.
Our findings generally support an association between brain
and behavioral changes. Some results, however, were not
predicted and may appear counterintuitive. We attempted
to control statistically for initial values, age, illness dura-
tion, and medication dose. A higher rate of reduction in
. frontal and temporal lobe volumes was associated with less
improvement in negative symptoms and hallucinations in
FE patients, but in both groups it was associated with greater
improvement in other positive symptoms. The associa-
tion between lower brain volumes and a greater severity
of symptoms has been reported in cross-sectional stud-
ies.>62 The association between volume reduction and im-
provement in some positive symptoms is new, and hence
tentative and requiring replication. An association in schizo-
phrenia between improvement in positive symptoms and
reduced volume in regions with presumed neuropatho-
logical characteristics has not been established. Such ef-
fects are reported in irritative lesions, where symptomatic
improvement is associated with suppression or removal of
diseased tissue. Volume reductions have been interpreted
as atrophy, reflecting neurodegeneration or neural injury,
yet postmortem studies in schizophrenia do not show as-
trocytosis®*? but possibly reduced cell size.” Neurolep-
tics may contribute to further reduction in neuronal den-
sity, as suggested in animal studies,>® but there is also
evidence that neuroleptics may increase neuronal size in
specific regions.”

Neurobehaviorally, in both healthy subjects and pa-
tients we found positive correlations between volume
change and neuropsychological change, volume reduc-
tion being associated with decreased performance. While
there are no earlier longitudinal studies for comparison,
these results are consistent with studies showing a cor-
relation between brain volume and neurocognitive mea-
sures.”® Note that no significant overall change in cog-
nitive performance occurred for patients, but those with
temporal volume reduction also had greater reduction
in neurocognitive performance.

Medication effects, in this naturalistic treatment set-
ting, are tentative and in need of verification with con-
_trolled therapeutic interventions. In exploratory evalua-
tion, we found that for FE patients a greater rate of reduction
in frontal and temporal lobe volumes was associated with
improvement of delusions and thought disorder and higher
neuroleptic dose. These changes were concomitant with
less improvement in affective flattening and alogia. How-
ever, neuroleptic dose alone does not account for the cor-
relations between reduced temporal lobe volume and clini-
cal improvement. The anatomical changes remained
significant predictors of clinical improvement when medi-
cation dose was partialled out and when age or duration
of illness were included in the regression analysis. The
change values were corrected for initial severity, making
less plausible the alternative explanation that the initially
sicker patients received higher doses and also had an ac-
celerated process of neuroanatomical and neurobehav-
ioral deterioration. Medication regimens were individual-
ized and related to treatment response. However, the effects
were also maintained when controlling for compliance, and
this militates against the possibility that the less compli-

ant patients were given higher doses and represent a sub-
group with neurodegenerative features. Still, we can not
establish causality without systematic manipulation of medi-
cation and dose.

There are several limitations io this study. While the
sample has adequate power for testing hypotheses on glo-
bal measures of anatomical, clinical, and neurobehavioral
changes, larger samples are needed to probe with confi-
dence more detailed and specific low-magnitude correla-
tions. Another limitation is the choice of a follow-up in-
terval determined by time rather than symptom severity.
This design was chosen to permit some variability in the
outcome measures while maintaining a standard interval.
However, as presented in Table 2, patients were moder-
ately symptomatic at intake and had mild symptoms or re-
mission of symptoms at follow-up. The findings regard-
ing medications are also tentative because data on
medication prior to admission for PT patients is retrospec-
tive, and the choice of medication and dose during fol-
low-up were clinically determined. Targeted sampling may
permit comparison of informative groups of patients treated
with specific medications. There is no evidence that neu-
roleptic treatment is associated with neuropathological
changes in postmortem studies of schizophrenia.*®

Our results do not contradict the neurodevelopmen-
tal hypothesis, which stipulates an early insult and pres-
ence of abnormalities at clinical presentation. However, we
found evidence for continued structural changes in some
patients. They showed reduction in frontal lobe volume
within the limited age and interscan time interval, but for
the temporal lobe, healthy subjects also showed volume
reduction. This underscores the need to examine effects
of normal aging to put in perspective findings in schizo-
phrenia, where aging operates on compromised neural sub-
strates undergoing concomitant disease- and treatment-
related changes. In FE patients, we are perhaps documenting
the psychotic process at a virulent phase and possibly for
this reason we obtain associations between rate of reduc-
tion in brain volume and clinical improvement in positive
symptoms. In PT patients, these associations are more gen-
eral. The time course of these changes can be established
by more frequent measurements in early phases of illness.
The role of neuroleptics can be elucidated through con-
trolled medication regimens. Such studies may help ex-
plain why negative symptoms, the manifestations of core
pathological processes® emanating perhaps from neurode-
velopmental aberrations,’* are resistant to treatment with
typical neuroleptics, whereas positive symptoms, which re-
flect lack of inhibition,® improve. The psychotic process
may itself induce neurotoxic effects with consequent struc-
tural changes.®
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