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Objective: This study investigated brain morphometry in
chronically ill but never-medicated schizophrenia patients
and whether the relation of age to morphometric abnor-
malities differed from that in healthy subjects.

Method: In a cross-sectional design, high-resolution T1-
weighted images were acquired from 25 schizophrenia
patients with untreated chronic illness lasting 5 to 47 years
and 33 matched healthy comparison subjects. Cortical
thickness and graymatter volumewere compared in the two
groups. In regions with significant group differences, non-
linear modeling of age-related effects was used to test for
accelerated decline in the patients.

Results: Schizophrenia patients had less cortical thickness
in the bilateral ventromedial prefrontal cortices, left su-
perior temporal gyrus, and right pars triangularis, relative to
comparison subjects, and greater cortical thickness in the
left superior parietal lobe. The relation of age to cortical

thickness indicated faster age-related cortical thinning in
the right ventromedial prefrontal cortex, left superior
temporal gyrus, and right pars triangularis in patients than in
comparison subjects, but slower thinning in the left su-
perior parietal lobe. Gray matter volume was greater in the
putamenbilaterally and smaller in the rightmiddle temporal
gyrus and right lingual gyrus of thepatients, but age-related
effects did not differ from those of the comparison
subjects.

Conclusions: The accelerated age-related decline in pre-
frontal and temporal cortical thickness in never-medicated
schizophrenia patients suggests a neuroprogressive process
in somebrain regions. Slower age-related cortical thinningof
the superior parietal cortex and striatal volumetric abnor-
malities unrelated to age suggest different pathological
processes over time in these regions.
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Since the hypothesis of progressive brain changes in schizo-
phrenia was put forward by Kraepelin in his concept of
dementia praecox (1), this possibility has been of sustained
interest. Meta-analyses provide compelling evidence for
structural brain abnormalities in schizophrenia (2, 3), while
longitudinal studies further suggest that there may be a pro-
gression of these effects early in the illness (4–6).

Across follow-up studies of first-episode patients, a complex
pattern of structural alterations has been described over the
courseof illness,with frontotemporal cortex abnormalities being
most consistently observed (4, 7, 8). However, follow-up studies
of first-episode patients are restricted to the early illness course
fortheforeseeablefuturebecauseofthedecadesrequiredtotrack
lifespan effects. Further, these longitudinal studies are all con-
ducted with patients treated with antipsychotic medications,
which may adversely impact brain anatomy and confound tests
fordiseaseeffectsover the illnesscourse(3).Therefore,questions
abouthowdifferentbrain regionsmaybealteredover the longer-

term course of schizophrenia and the degree towhich identified
changesrepresent treatmentor illnesseffects remainunresolved.

In this circumstance, cross-sectional studies that examine
structural abnormalities in relation to age or disease duration
in chronically ill patients never treated with antipsychotic
medicationmay provide important insights about longer-term
changes in brain anatomyover the illness course (9, 10),without
the confounding influences of antipsychotic and other psy-
chiatricmedications (11–13)orothersecondary factors (14).This
could help determine the degree to which progressive effects
seen in childhood-onset schizophrenia (15) are also seen fol-
lowing illness onset inmore typical patients, with onset in early
adulthood, andwhether such changes are seen in specific brain
regions in patients never exposed to antipsychoticmedications.

In developing countries, such samples of never-treated
chronically ill individuals can still be identified in both rural
and urban areas. Recently, 17 Chinese medication-naive
chronically ill patients were found to have less gray matter
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volume and cortical thickness in the temporal lobe than
healthy subjects (16). However, in that study, the potential
relationshipbetweenmorphometric abnormalities andageor
illness duration was not reported. In a similar sample from
India,McCreadie et al. found that durationof untreated illness
was not related to the size of lentiform nuclei or to ventricle-
hemisphere ratio abnormalities, but relations to regional neo-
cortical volumes and thickness were not examined (17).

In the present study, we conducted MRI studies of never-
medicatedchronicschizophreniapatientswith illnessdurations
ranging from 5 to 47 years. We sought first to identify brain
regionswhere cortical thickness or graymatter volumediffered
from that of matched comparison subjects, and we then de-
termined whether within those regions there were group dif-
ferences in age-related abnormalities in brain anatomy. Primary
analyses were performed with the cortical thickness data; key
findings from brain volume analyses are summarized in this
article, with the full analyses presented in the data supplement
that accompanies on the online version of the article.

METHOD

Participants
The study included 25 chronically ill, never-medicated
schizophrenia patients. Most patients were identified from
the Mental Health Screening Program supported by West
ChinaHospital, a project aiming to provide psychiatric care to
people livinginthecommunitywhohaveseriousmental illness
butwhohavenothadaccess toorpreviouslysoughtpsychiatric
treatment.Whenasuitable individualwas identifiedfromlocal
medical or police records, a psychiatrist from the program
visited the person’s home, accompanied by a psychiatrist from
our research team.Nearly 90%of identified individuals agreed
to participate in this imaging study. All were living with their
families, as is common in west China, and family members
provided history information. Clinical diagnostic evaluations
were conducted by the research team to confirm clinical di-
agnoses with the Structured Interview for DSM-IV Axis I
Disorders (SCID). If the diagnosis of schizophrenia was
confirmed, affected individuals were brought to our MRI fa-
cility for scans, after which the majority began treatment.

These patients, 18 in their 40s or older, were recruited
from within approximately 35 km of downtown Chengdu in
west China. The mean duration of illness was 21 years.
Patients were all of Han ancestry. Fifteen lived in rural areas,
mostly in small villages 10 km away from Chengduwith tight
social networks; the others were living in urban or suburban
areas. The onsets of symptomswere gradual and insidious for
16 of the patients, while the other nine developed acute
psychosis after some significant life trauma, suchas the loss of
a close relative, parental marital difficulties, or infidelity by
thepatient’s spouse.Before the study, 14 of themhadnot been
involved in any type of employment and had not contributed
any significant physical work in their home or community,
and 11 were able to care for themselves in many activities of
daily living. The families of 23 patients had regular incomes,

even though some were relatively low, and two patients and
their families were living primarily with support from the
government. The family members worked mainly as manual
laborers and farmers, and their education levels were not
high. Most of the patients and their family members had 9
years of typical education, including6 years inprimary school
and 3 years in junior high school, as ismost common inChina.
All of thepatients hadbeenwell takencare of by their families
since the onset of their illness.

These patients had not received any prior treatment with
psychiatric medications for various reasons, primarily because
of 1) parental concern about family stigma associated with
mental illness (prominent in11cases),2)a lackofunderstanding
or recognition of the severity of mental illness in a child or
spouse (noteworthy in seven cases), 3) poor socioeconomic
conditions that limited travel and funds for medical care (four
cases), and 4) emotional rejection ofmedical care by the family
due to conflicts with physicians when the patient was first
brought to medical attention close to the time of illness onset
(three cases). As a result of these factors, each patient had been
cared for and sheltered in the parents’ home without medical
care through the course of the illness. While not common
practicenow, in theyearsduringand immediately following the
Cultural Revolution, many patients with serious mental illness
did not receive psychiatric care for similar reasons.

Duration of untreated illness was evaluated by the Not-
tinghamOnsetSchedule (18) (with informationprovidedby the
patients, other family members, and other sources). Psycho-
pathology ratings were obtained by using the Positive and
NegativeSyndromeScale (PANSS) (19), and they included total
scores as well as factor scores derived by using the previously
published six-factor structure pattern of PANSS items (20).

Healthy comparison subjects (N=33) were recruited
through poster advertisements; they were from the same
geographical region as the patients and had similar socio-
economic and educational backgrounds. The nonpatient
edition of the SCIDwas used to establish the lifetime absence
of psychiatric illness, and there was no known history of
major psychiatric illness in their first-degree relatives. The
patients and comparison subjects were matched in age, sex,
and years of education (Table 1). Age distributions for male
and female subjects did not differ across subject groups.

No participants had a history of significant systemic or
neurological illness. All were right-handed as assessed with
the Annett Handedness Scale (21). The following exclusion
criteria applied toboth groups: 1) age younger than 18 years or
older than 80 years, 2) history of substance abuse, 3) preg-
nancy, and 4) major physical illness, such as cardiovascular
disease or hepatitis, as assessed by clinical evaluations and
medical records. The ethics committee of SichuanUniversity
approved the study, and all participants gave written in-
formed consent to their participation.

Data Acquisition
MRI examinations were performed on a 3-T GE Signa
EXCITE scanner (General Electric, Milwaukee, Wis.) with
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an eight-channel phase array head coil. High-
resolution T1-weighted images were acquired
with a volumetric three-dimensional spoiled
gradient recall (SPGR) sequence (repetition
time=8.5ms, echo time=3.4ms,flip angle=12°). A
field of viewof 2403240mm2was usedwith an
acquisition matrix comprising 256 readings of
128 phase-encoding steps, producing 156 con-
tiguous 1.0-mm coronal slices. The final matrix
of T1-weighted images was automatically in-
terpolated in plane to 5123512, yielding an
in-plane resolution of 0.4730.47mm2. T1- and
T2-weightedmagnetic resonance (MR) images
were inspected by an experienced neuroradi-
ologist; no scan artifacts or gross brain ab-
normalities were observed in any participant.

Imaging Processing
Cortical modeling and volumetric segmenta-
tion of structural MRI data were performed
with the FreeSurfer package (version 5.1.0,
http://surfer.nmr.mgh.harvard.edu/). Corti-
cal thickness was measured as the difference
between equivalent vertices in the pial and
gray/whitematter surfaces (22), by using both
intensity and continuity information from the entire three-
dimensional MR volume in segmentation and deformation
procedures. The reliability of the method has been validated
against histological analysis on postmortem brains (23) and
manual measurements (24), and test-retest reliability is high
(25). Briefly, the main process included automated regis-
tration to Talairach space, segmentation of the subcortical
white matter and gray matter volumetric structures, in-
tensity normalization, tessellation of gray matter and white
matter boundaries, and automated topology correction and
surface deformation following intensity gradients to opti-
mally place the gray/white and gray/CSF borders defined at
the location with the greatest shift in signal intensity (22,
26–30).Thesurfacemaps, followingregistrationofall subjects’
cortical reconstructions to a common average surface, were
analyzed after the interpolation steps, and they are thus ca-
pable of detecting submillimeter differences between groups
(22). Since the surface-based analysis was restricted to the
cortical mantle, we used volumetric analysis to assess deep
graymatterbymeansofdiffeomorphic anatomical registration
using the exponentiated lie algebra (DARTEL) toolbox (31).
Detailsof thestandardanalysisproceduresarepresentedinthe
online data supplement. Postprocessing visual inspection
for quality of both imaging processes was conducted
without knowledge of subject characteristics.

Statistical Analysis
In thegraphical interfaceofFreeSurferknownasQDEC(Query,
Design, Estimate, Contrast), a smoothing stepwith 10mm full
width at half maximum was initiated to average the cortical
thickness data across participants in the common spherical

coordinate system. Then vertex-by-vertex cortical maps of
the patients and comparison subjects were compared by
using a general linear model with age, sex, and total in-
tracranial volume included as covariates. Nonparametric
cluster-wise correction for multiple comparisons was per-
formed by means of the FreeSurfer Monte Carlo simulation
toolwithacorrectedcluster-forming thresholdofp,0.05(32).

To identify differential relationships between anatomical
measures and age in regions where group differences were
detected, we first extracted and averaged values of cortical
thickness and gray matter volume in regions with significant
group differences for each subject. Aging effects on the hu-
man brain are believed to follow a nonlinear trajectory in
schizophrenia patients (15, 33), as in healthy individuals (34).
Therefore, nonlinear regression analyses using a quadratic
model of age effects in relation to anatomic measures were
conducted for each group. Age-related trajectories of brain
changes have been modeled with this approach as it is
straightforward and flexible for accommodating different
nonlinear effects (34–36). These models were compared
across groups to determine whether there was a significant
differential rate of age-related change in patients and com-
parison subjects. This was achieved by conducting F tests to
determine whether the shapes of regression curves were
significantly different (37). A “leave-one-out” cross-validation
approach was adopted to identify potential high-impact cases
in modeling of age effects and group differences in aging
effects; in all cases, the significant effects reported belowwere
confirmed. Theeffect of durationof illnesswas examinedwith
the same modeling approach in patients. Partial correlations
controlling for age and sex were determined for associations

TABLE 1. Demographic and Clinical Characteristics of Never-Medicated Patients
With Long-Term Schizophrenia and Healthy Comparison Subjects

Characteristic
Schizophrenia
Patients (N=25)

Healthy Comparison
Subjects (N=33)

Mean SD Mean SD p

Age (years) 46.68 13.54 46.21 13.79 0.90
Education (years) 7.88 3.83 9.56 3.70 0.10
Duration of illness (years) 21.04 12.00
Age at onset (years) 25.64 6.53
PANSS scores
Total 88.71 15.44
Negative symptoms 22.50 6.59
Positive symptoms 24.08 7.34
General psychopathology
symptoms

41.54 7.50

Thought disturbance 13.00 3.67
Activation 8.29 2.12
Paranoid 8.42 3.08
Depression 6.29 2.73
Anergia 10.71 3.86
Impulsive aggression 8.00 2.84

N % N % p

Gender 0.91
Female 11 44 15 45
Male 14 56 18 54
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between structural brainmeasurements and clinical symptom
severity ratings at the time of the scans, as determined by
PANSS total score, subscales, and factor scores.

RESULTS

Group Differences in Cortical Thickness
In relation to the healthy comparison subjects, the patients
showed significantly less cortical thickness in the bilateral
ventromedial prefrontal cortices extending laterally to the
orbitofrontal cortices and in the left superior temporal gyrus
and right pars triangularis, while greater cortical thickness
was found in the left superior parietal lobe extending to the
occipital cortex (p,0.05, Figure 1).

Age-Related Differences in Cortical Thickness
The schizophrenia patients had a significant association
betweengreater age and less cortical thickness in thebilateral
ventromedial prefrontal cortices, left superior temporal gy-
rus, and right pars triangularis, but no significant relationship
with age was found in the left superior parietal lobe. In the
healthy comparison subjects, measurements in the bilateral
ventromedial prefrontal cortices, left superior temporal gy-
rus, and right pars triangularis showed no significant asso-
ciation with age, whereas left superior parietal lobe cortical
thickness decreased with age (Figure 2, Table 2).

As age-related effects were not seen in some brain regions
in our healthy subjects where they have been reported in

previous studies of healthy but somewhat older individuals,
we conducted a similar analysis on a larger sample of healthy
subjects (N=102) by adding data from previously reported
healthy subjects to help establish the representativeness of
our comparison data. All findings were consistent with the
effects seen in the matched healthy comparison sample used
for group comparison in the present study. Details of this
analysis are reported in the online data supplement.

In the direct group comparisons of age-relateddifferences
in the areas of interest, we observed differences indicating
faster age-related reductions of cortical thickness in the right
ventromedial prefrontal cortex, left superior temporal gyrus,
and right pars triangularis and significantly slower age-
related cortical thinning of the left superior parietal lobe in
the patients than in thehealthy comparison subjects (p,0.05).
A trend toward greater age-related cortical thickness re-
duction in the patients was observed in the left ventromedial
prefrontal cortex (p=0.053, Table 2).

When these effects were examined in relation to disease
duration rather than age, we found that greater duration was
significantly associated with lower cortical thickness of the
bilateral ventromedial prefrontal cortices, left superior
temporal gyrus, and right pars triangularis (p,0.05), a re-
lationship similar to the modeled age-related effects (see
Figure S2 in the online data supplement). No significant
association was observed between the mean cortical thick-
ness of the left superior parietal lobe and the duration of
illness in patients (p.0.05). Cortical thickness of the right
pars triangularis was negatively correlated with age at onset
in patients (p,0.05), while those of other regions showed no
significant associations. No correlation was found between
cortical thickness measures and current symptom severity as
reflected in PANSS scores.

Voxel-Based Morphometry Analysis of Gray Matter
Volume
The patients had larger gray matter volumes in the left
putamenextending to the insula and in the right putamen, but
theyhad smaller graymatter volume in the right lingual gyrus
extending to the cuneus and in the right middle temporal
gyrus, relative to the healthy comparison subjects (Figure 3).
Gray matter volume of the bilateral putamen was not sig-
nificantly associated with age in either group, or with illness
durationorclinical symptoms inpatients. Smallergraymatter
volume of the right middle temporal gyrus was significantly
associated with greater age in both patients and healthy
subjects, but there was no significant group difference in
these effects. Volumes of the right lingual gyrus were not
related to age or illness duration, but they were negatively
associated with scores on the PANSS activation factor.

DISCUSSION

By studying this relatively unique sample of chronically ill but
never-medicated schizophrenia patients, the current study
adds importantnewevidenceabout graymatter changesover the

FIGURE 1. Differences in Cortical Thickness Between Never-
Medicated Patients With Long-Term Schizophrenia and Healthy
Comparison Subjectsa

a Significance was determined by Monte Carlo simulation. Less cortical
thickness in patients than in comparison subjects is indicated by blue/
cool color, and greater thickness relative to comparison subjects is in-
dicated by red/warm color. L, left hemisphere; R, right hemisphere.
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course of schizophrenia without the potential confounding
influences of antipsychotic treatment. Surface-based analysis
demonstrated cortical abnormalities in schizophrenia patients
involving prefrontal, temporal, and parietal lobe regions. More
important, age-related effects suggest a more rapid rate of
cortical thinning in the right ventromedial prefrontal cortex,

right pars triangularis, and
left superior temporal gyrus
in patients than in healthy
comparison subjects, whereas
age-related changes in the
posterior superior parie-
tal lobe appeared to be less
rapid than in the healthy
subjects. Volumetric analy-
sis demonstrated significant
abnormalities in cortical
and subcortical gray matter,
notably including greater bi-
lateral putamen volume in pa-
tients, but these effects did not
have differential aging effects
in the schizophrenia patients.
Thus, the most important
findingofourstudy is thatage-

related changes in cortical thickness suggestive of a neuro-
progressive process in schizophrenia were found in the
prefrontal and temporal cortices, while abnormalities in
other areas, including the putamen and parietal cortex, did
not show accelerated age-related changes, suggesting dif-
ferent pathological or compensatory processes. These results

FIGURE 2. Quadratic Models of Cortical Thickness in Relation to Age in Brain Regions With Significant Differences in Cortical Thickness
Between Never-Medicated Patients With Long-Term Schizophrenia and Healthy Comparison Subjectsa
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a L, left hemisphere; R, right hemisphere. Two outliers (43 and 71 years) were excluded when age effects were modeled in the right pars triangularis, to
better track the potential trajectory in later life of individuals with untreated schizophrenia.

TABLE 2. Average Rate of Change in Cortical Thickness per Year for Never-Medicated Patients With
Long-Term Schizophrenia and Healthy Comparison Subjectsa

Model for Schizophrenia
Model for Healthy

Comparison Subjects
Group

Comparison

Region

Mean Rate of
Decline/Increase

(mm/year)b p

Mean Rate of
Decline/Increase

(mm/year)b p F p

Ventromedial prefrontal
cortex, right

–0.013 0.001 –0.002 0.66 1.79 0.02

Ventromedial prefrontal
cortex, left

–0.011 ,0.001 +0.001 0.84 1.56 0.053

Pars triangularis, right –0.009 ,0.001 –0.003 0.22 1.79 0.02
Superior temporal
gyrus, left

–0.011 0.005 +0.001 0.66 1.80 0.02

Superior parietal
lobe, left

+0.001 0.75 –0.006 0.003 1.65 0.04

a Basedonnonlinear regression analyses using aquadraticmodel of age effects in relation to anatomicmeasures at a single time
point.

b +, increase; –, decrease.
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reinforce the notion that schizophrenia may involve neuro-
progressive changes in specific brain regions over the course
of the disease, potentially resulting from neuropathologic
mechanisms, including the previously reported shrinkage of
neuropil, reduced neuron size, and cell loss (38–40).

Previous longitudinal studies with 10-year follow-up of
treated patients have shown that the lateral ventricles
exhibited increased enlargement over the course of illness
(41, 42), suggesting atrophic changes over time. The current
study of chronically ill but never-treated schizophrenia
patients is consistent with this observation and extends it in
two important ways. First, our findings suggest that this
pattern may continue in some brain regions later in life. In
fact, ourmodelingof age-relatedchanges incortical thickness
suggests that neuroprogressive mechanisms may begin
slowly in the early phase of the illness and become more
prominent later in the course of illness in specific brain
regions. This may account for why we and others have not
identified progressive changes early in the illness course
(43–45). However, the degree to which these changes rep-
resent adirect pathophysiological consequenceof the disease

or a secondary factor, such as long-term disengagement from
social relations and other life activities, remains to be de-
termined. Second, our findings suggest that changes over the
course of illness are not secondary to antipsychotic treat-
ment. Whether other regions might also show similar effects
in addition to those identified is possible, as we may have
lacked statistical power to detect less robust effects.

The accelerated reduction in cortical thickness in the
frontal cortex in patients supports the view that frontal cortex
abnormalities are an important component in schizophrenia-
related morbidity, and it suggests that the identified frontal
loberegionsmaybemorevulnerable to the long-termeffectsof
the illness (3, 4, 46, 47). Previously, medial prefrontal cortex
pathology has been identified in multimodal imaging studies
(48), and volume loss in the ventromedial prefrontal cortex in
schizophreniahasbeenassociatedwithdeficits in the theoryof
mind skills needed for social relationships (49). Prolonged
social isolation might contribute to progressive gray matter
loss in this region, as suggested by animal models (50).

Another frontal region exhibitedage-related reductions in
cortical thickness, thepars triangularis.This lateral-posterior

FIGURE3. Differences inGrayMatterVolumeBetweenNever-MedicatedPatientsWithLong-TermSchizophreniaandHealthyComparison
Subjectsa

aGreater cortical volume in patients than in comparison subjects is indicated by red/warm color, and lower volume is indicated by blue/cold color. L, left
hemisphere; R, right hemisphere.
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part of the inferior frontal gyrus has been observed to
manifest cortical thinning in untreated first-episode patients
(45). While volume reduction of this region has been sug-
gested to represent a risk factor for schizophrenia (51), the
neuroprogressive changes in this region may represent
a neurobiological underpinning of the early clinical changes
associated with the prodrome period preceding onset of
psychosis. Given the importance of this region for speech and
language processing, there may be a broader clinical signif-
icance to changes in this region.

The superior temporal gyrus was also found to show
progressive changes in our study, consistent with studies of
early illness course in which progressive cortical alterations
manifested their greatest severity in the frontal and temporal
lobes (5, 52). Cortical thinning in the left superior temporal
gyrus was observed in a previous study with untreated
chronically ill patients (16). Temporal volume change has
emerged as a promising predictor of treatment response, as
gray matter loss in this region has been found in treatment-
resistant schizophrenia (53). Thus, progressive changes in
this region might contribute to higher rates of poor outcome
reported for patients with chronic schizophrenia than for
first-episode patients (5).

In individuals at high risk for psychosis, as in first-episode
patients, cortical thinning and gray matter reduction of the
superior temporal gyrus have been shown to progressively
worsen over time (7, 54, 55). The observed cortical thinning of
the superior temporal gyrus appears to be a familial trait linked
to schizophrenia (56) that begins at or before illness onset and
worsens over the course of illness. It also should be noted that
such progressive effects seen in the frontal and temporal cor-
ticeshavealsobeenobserved inchildhood-onset schizophrenia,
though the progressive volume loss in those patients seems to
occur at a faster rate than is suggested by our data (57, 58).

In contrast to findings of accelerated age-related cortical
thinning in some brain regions, we observed a lower rate of
decline in cortical thickness with age in the left superior
parietal lobe in patients. Gray matter reduction and cortical
thinning of the superior parietal lobe have been reported in
previous MRI studies with first-episode or early-course
patients (59, 60). However, in the meta-analysis by Olabi
et al. (3), no progressive decline in patients was seen in pa-
rietal graymatter. In addition, increased cortical thickness in
the parietal cortex of treated patients with chronic schizo-
phrenia was reported previously in another study (5).
Without the confounds of medication, our findings suggest
that changes over the course of illness in the parietal cortex
are different from those seen in the frontal and temporal
cortices. This might represent either a compensatory re-
sponse related to increased use of the parietal cortex to
support perceptual or other processes or a different patho-
logical process, such as insufficient synaptic pruning with
distinct anatomic and functional consequences (61). As our
observation of reduced age-related effects in the parietal
cortex is relatively novel, morework is needed to confirm the
effect and investigate its causes and clinical implications.

Another finding from our study was the larger bilateral
putamenseen in thevolumetric analysis.This effecthas in the
past been attributed to antipsychotic medication (11, 12, 62),
so our study adds important new knowledge by showing that
illness-related processes can also induce hypertrophic striatal
changes independent of effects of antipsychotic treatment.
In our previous study of drug-naive first episode patients,
we observed increased spontaneous neural activity in the
putamen bilaterally by means of resting-state fMRI (44), a
finding similar to earlier observations of increased striatal
metabolic rates in untreated schizophrenia patients (63).
As the dorsal striatum is rich in dopamine, it is intriguing to
speculate that an abnormality in dopaminergic systems tar-
geted by antipsychotic medication, or other factors related to
increased striatal neural activity, might be a relevant patho-
physiological process underlying these striatal changes
(64, 65). Given that striatal volume has been shown to be low
in first-episode patients (66) and that volume enlargement
was not associated with age or illness duration effects in this
region, it appears most likely that high neural and metabolic
activity in the striatum after illness onset may increase striatal
volumes early in the course of illness and then not progress
appreciably after that time.

Several limitations inour studyare important to recognize.
First, the cross-sectional nature of our study limits any strong
inference about age-related trajectories of brain changes.
While we could not identify clinical or demographic factors
related to illness duration that might artifactually induce
differences from the comparison subjects in age-related
effects, an unidentified factor related to patient age, rather
than aging itself, might bias our findings. This limitation of
our study design needs to be considered in balance with the
impossibility of conducting prospective longitudinal studies
of untreated patients. In this context, our study of a relatively
large sample of never-treated patients with chronic schizo-
phreniawhohave awide range of illness durationprovides an
important and novel approach for studying brain changes
over the course of illness. The approach has two main
advantages: it provides a window into later-course illness
effects that will not be available from longitudinal studies for
many years, and it avoids medication confounds that com-
plicate interpretation of all ongoing longitudinal studies.

There are other limitations to be considered as well. First,
while our sample of never-treated chronically ill patientswas
larger than those in previous studies, it was not large for
precisely modeling age-related effects. In particular, the
degree to which the age-related changes progress gradually
or are prominent early or late is difficult to determine. Ex-
amination of the modeled age effects for different brain
regions in Figure 2 provides somewhat conflicting clues in
this regard.While themodels of the regions of interest tend to
cross around age 50 (with the patient data showing atrophic
changes relative to the healthy subjects only after that point),
the rateofchange in themodeledageeffects seemsto increase
not long after illness onset. Research with larger samples is
needed to model age effects and the rate of change more
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precisely so this issue can be addressed. Second, our study
designdidnot includeaparallelmatchedgroupof chronically
ill treated schizophrenia patients with comparable disease
duration and demographic characteristics. Last, some age-
related effects were not seen in regions where they might be
expected, especially in the comparison subjects. This may be
due to our sample size but perhapsmore likely to the fact that
the individuals in our sample were mostly under the age of
60 years, when atrophic age-related changes are notably less
prominent than in elderly individuals.

In conclusion, by studying a rare sample of never-medicated
chronically ill schizophrenia patients with a wide range of
illness duration, we found a faster rate of prefrontal and
temporal cortical thinning and striatal hypertrophy, which
may represent core components of the pathophysiological
process of schizophrenia over the course of illness, effects
that could not be attributed to antipsychotic treatment.
These findings may provide important insights into the
course and regional specificity of progressive brain changes
associated with schizophrenia in the decades after illness onset.
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