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Abstract
Objectives: Recent research has shown that before the onset of
schizophrenia, there are neurodevelopmental changes and abnormalities
in the brain volumes of the prospective patients. Yet the reason for this
change in gray matter remains unclear: Is it a result of the psychiatric
disease - or could it be a result of the antipsychotic medication?
Methods and main results: This review aims to shed some light on
the precise influence of different classes of antipsychotic medication
on basal ganglia and gray matter brain volumes in schizophrenia. It
also highlights possible mechanisms and clinical consequences of
these changes in brain volume. Apart from that, the review points out
alternative therapies to prevent brain volume loss in schizophrenia.
To date many studies suggest that typical and atypical antipsychotics
might have agonistic effects on brain volume loss, indicating a protective
impact of atypical antipsychotics on gray matter volume and basal
ganglia.
Principal conclusion: Taken this together, brain volume changes
in schizophrenia might be a relevant disease pathology that deserves
further investigation and could lead to new preventive therapies.

Introduction
In the early 1980’s it was first detected that brain volume from patients
with schizophrenia was reduced in comparison to the healthy population
[1]. Since then research has been trying to explore causes, mechanisms
and consequences of different brain volume distributions. To date,
there is broad agreement that the pathology of schizophrenia starts
years before the first symptoms are diagnosed. One of the pathologies
involved in the pathophysiology of schizophrenia are changes in brain
volumes. Regarding volume changes in the gray and white matter as well
as in the basal ganglia, it seems likely that these changes occur before
and/or during the early years of the disease process of schizophrenia [2].
The underlying mechanisms, however, of these brain volume changes
remain an ongoing discussion. Yet further questions arise and are to
be addressed: what happens to brain volumes over the course of the
disease? And what about the influence of antipsychotics on different
brain volumes (especially gray matter)? The goal of this review is to shed
light on structural brain abnormalities in schizophrenia and to explore,
if and how antipsychotics are involved in brain volume changes.
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Brain Volume Changes in Drug-Naïve Patients with
Schizophrenia
In order to address the question of the causes and mechanisms of
brain volume loss in schizophrenia, it is required to explore patients
that have never received any anti-psychotic treatment. With the help
of studies that investigate drug-naïve, ideally first-episode patients with
schizophrenia it might be possible to differentiate whether brain volume
changes are a disease process or are rather attributable to medication
effects. In this respect several studies revealed that first-episode patients
with schizophrenia present with a different distribution of brain volumes
before the onset of their treatment:
A very recent fMRI study identified that drug-naïve first-episode
patients with schizophrenia (n=18) had less gray matter volume in the
left superior temporal gyrus, frontal regions, cerebellum and caudate
compared to healthy controls. Especially those patients who suffered
from acoustic hallucinations showed a reduced thalamic volume,
supporting a clinical relevance of the gray matter changes [3]. Another
study compared antipsychotic-naïve patients with schizophrenia
to healthy controls and demonstrated a significantly reduced gray
matter volume of the left and right hippocampal volumes in the group
of patients. These results remained stable even after controlling for
confounding factors like age, sex and total brain volume [4]. The data
were supported by a study by van Erp et al. The authors compared
individuals with schizophrenia to healthy controls and showed that
patients had significantly smaller hippocampus, amygdala, thalamus,
accumbens and intracranial volumes, and significantly larger pallidum
and lateral ventricle volumes. In addition putamen and pallidum volume
enlargements were associated with duration of illness whereas age and
hippocampal volume deficits were more severe in samples with a higher
proportion of unmedicated patients [5]. Also a sample of first-episode
drug-naïve patients with schizophrenia showed a significantly reduced
gray matter volume in the right middle/superior temporal gyrus, the
right anterior cingulate gyrus compared to matched controls [6].
The previous studies have shown abnormalities in regard to different
brain volumes, mainly present in the gray matter in symptomatic
patients. However, there is one study that investigated changes in the
brain volume before the onset of schizophrenia symptoms. Finding of
abnormalities before the onset of symptoms could help to distinguish
whether brain volume changes are likely associated with the disease
pathology. First ideas have been pronounced that the outcome of
prodromal psychosis can be predicted at the single-subject level with
the help of multivariate neuroanatomical risk stratification methods [7].
Takahashi et al. investigated 35 individuals at high risk for schizophrenia
(12 of them later developed schizophrenia) and 23 patients with firstepisode schizophrenia compared to healthy controls. For the individuals
that later had a diagnosis of schizophrenia and the first-episode patients,
significant gray matter loss was identified in a longitudinal comparison
with about two to six percent per year. In addition the first-episode
patients with schizophrenia had a more pronounced gray matter loss in
the left Heschl gyrus and the rostral region [8]. These findings indicate
brain volume abnormalities before the onset of schizophrenia symptoms.
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Another study found that schizophrenia spectrum disorder patients
who were between 15 and 20 years at their first episode showed
significant volume and thickness deficits in the frontal lobe, volume
deficits in temporal lobe, and volume enlargements in ventricular
system and basal ganglia [9]. Though these patients were medicated, the
findings point towards an early onset of structural changes in the whole
course of the disease.
But not only clinical studies have shown an abnormal distribution
of brain volumes: A large meta-analysis with over 18000 subjects
investigated 771 antipsychotic-naïve patients with schizophrenia and
identified a volume decrease in the caudate nucleus and thalamus in
this group compared to medicated patients with schizophrenia. White
matter reductions were found in both groups and did not differ between
medicated and anti-psychotic-naive patients, whereas gray matter loss
was only found to be increased in the medicated patient group [10].
Taken all these studies together, the results still seem to be
preliminary and not overall consistent. Gray matter loss and volume
reduction of some basal ganglia structure have been identified in
antipsychotic-naïve patients with schizophrenia. However, the reported
brain areas differ substantially between studies. The findings of this
section are summarized in Table 1.

The Role of Typical and Atypical Antipsychotics on
Brain Volume
There has been an ongoing debate whether antipsychotics have an
impact on brain volume and if there are differences between atypical
and typical antipsychotics. To date, there are already several studies
including meta-analyses that try to address these questions.
A meta-analysis by Haijma et al. investigated studies with
antipsychotic-naïve patients and medicated patients. In the medicated
sample they analyzed the comparison of 8327 antipsychotic-naïve
patients with schizophrenia to healthy controls respectively and showed
an intracranial and total brain volume reduction of 2% and 2.6%. The
effects were most prominent in the gray matter brain structures. Also the
longer the duration of illness and the higher the dose of antipsychotics,
the more gray matter reduction was identified. However, higher doses of
antipsychotic medication were associated with volume increase of the
caudate nucleus, an effect only observed for atypical antipsychotics. On
the other hand total gray matter loss was more pronounced in patients
using a higher dose of antipsychotic medication at time of scanning.
This association was significant only for atypical antipsychotics [10].
These results indicate a role of antipsychotic medication in regard to
brain volume changes.
Similar findings were reported in another meta-analysis that
identified a strong effect of antipsychotics on the gray matter volume
over time when 1046 patients were compared to 780 controls. In a
longitudinally perspective the authors observed a progressive reduction
Authors, year
Huang et al., 2015
Kalmady et al., 2014
Van Erp et al., 2015
(Meta-analysis)
Lui et al., 2009
Takahashi et al., 2009
Haijma et al., 2013
(Meta-analysis)

Number of participants
n=36
antipsychotic-naïve patients and controls
n=65
antipsychotic-naïve patients and controls
n=4568 in total
n= unclear of antipsychotic-naïve patients
n=136
antipsychotic-naïve patients and controls
n=35
antipsychotic-naïve patients and controls
n=771
antipsychotic-naïve patients
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of gray matter volume and an increase in left ventricular volume in
patients compared to controls. In addition a higher cumulative dose of
antipsychotics was associated with longitudinal gray matter volume loss
over time in the patient group [11].
What makes this study a little bit less convincing is the fact that
it did not differentiate between treatments with atypical or typical
antipsychotics. Though, there are studies which make this distinction.
One analysis found that risperidone and clozapine had an augmentative
effect on gray matter volume in chronic schizophrenic patients compared
to controls. Study participants had two brain scans, one at baseline and
the second one after two years of atypical antipsychotic treatment. Patients
received either risperidone when they were treatment-naïve or when
patients were chronic-treatment resistant they received clozapine [12].
The influence of atypical antipsychotics on gray matter brain volume
has been investigated: Patients diagnosed with schizophrenia received
either an atypical antipsychotic drug (risperidone or ziprasidone) or
the typical antipsychotic haloperidol. A control group of schizophrenic
patients remained untreated. The gray matter volume was measured
twice: before the onset of the treatment and 28 days later. An increase
in the gray matter volume was found only in the group treated with
atypical antipsychotics. No change was reported for patients receiving
haloperidol or who were untreated [13]. In conclusion, these studies
revealed that there are differences between atypical and typical
antipsychotics considering their influence on gray matter volumes.
In line with these findings is a study on cortical thickness. When
cortical thickening was investigated over a five year course, it has been
found that patients with a higher intake of typical antipsychotics showed
a more pronounced cortical thinning, though patients that received
atypicals had a lower cortical thinning [14]. In addition, another study
corroborates the difference between antipsychotic drug classes. Only
atypical antipsychotics were identified to reverse the gray matter loss,
which is possibly caused by the disease pathology of schizophrenia. In a
longitudinal study over five years it was shown that the cumulative dose
per year of clozapine and olanzapine was significantly associated with less
decrease in the gray matter in the frontal lobe. In contrast, the opposite
was found for typical antipsychotics: These drugs provoked an increase
in gray matter loss in the right caudate nucleus and left superior frontal
gyrus [2]. In line with the previous findings is a study by Liebermann et
al. who reported that haloperidol and not olanzapine is associated with
gray matter decrease over time. They included 161 first-episode patients
with schizophrenia who received two MRI scans, both at baseline and
after 104 weeks of treatment with either haloperidol or olanzapine. In
addition healthy controls were also investigated. Similar to the control
group, the group treated with olanzapine showed no change in gray
matter brain volume, whereas the haloperidol group presented with a
significant decrease in gray matter volume at follow-up [15].
However, not all studies conclude that atypical antipsychotics reverse

Main findings in the patient group
Less gray matter
volume
Reduced gray
matter volume

Brain region
Left superior temporal gyrus,
frontal regions, cerebellum, caudate

Reduced volume

Hippocampus

Reduced gray
matter volume
Reduced gray
matter volume

right middle/superior temporal
gyrus, right anterior cingulate gyrus
Left Heschl gyrus and rostral
region

Reduced volume

Caudate nucleus and thalamus

Left and right hippocampus

Table 1: Studies on brain volume changes in drug-naïve patients with schizophrenia.
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gray matter volume loss. Ahmed et al. found that patients treated with
the atypical antipsychotic clozapine showed an ongoing decline in gray
matter. Switching patients with schizophrenia from an antipsychotic
drug to clozapine treatment showed progressive gray matter loss over a
six to nine month period. Regardless of symptom improvement patients
showed a significant decrease in the volumes of the right and left
prefrontal cortex and in the periventricular area. Therefore the authors
concluded that clozapine was not able to stop the progressive gray matter
loss. Nevertheless, as patients showed a clinical improvement of their
symptoms under clozapine therapy, eventually gray matter loss might
not directly translate to a bad clinical course [16].
Not only gray matter volume has been identified to be dependent
of antipsychotic treatment, also other brain structures like the basal
ganglia seem to be involved. Gur et al. found that medicated patients
with schizophrenia had an increased volume in the putamen and globus
pallidus compared to healthy controls and antipsychotic-naïve patients
and a higher dose of an atypical antipsychotic was associated with higher
thalamic volume [17].
In a study with drug-naïve patients with schizophrenia, antipsychotic
treatment was administered for six weeks. Compared to healthy controls,
the volume of the putamen was increased in the patient population
after six weeks of treatment. However, in this study the authors did not
differentiate between typical and atypical antipsychotics [18].
A typical and an atypical antipsychotic were compared in a study
by Glenthoj et al. They investigated 19 first-episode patients with
schizophrenia and 19 matched controls which were medicated either
with risperidone or zuclopenthixol over the course of three months. No
differences were found between the two medication groups regarding
volume changes of the basal ganglia. When only risperidone was
investigated, a higher volume was found in the putamen, indicating
different impact on basal ganglia volumes of typical and atypical drugs [19].
It seems likely that antipsychotics are involved in brain volume
changes. However, typical and atypical antipsychotics might have
different effects, pointing towards a potentially protective effect of
atypical antipsychotics on gray matter volume and basal ganglia. Table 2
summarizes the findings of this section.

Controversy: Are Antipsychotics Responsible for
Further Brain Volume Loss?
An important approach was chosen by Boonstra et al. who
investigated the effect of discontinuation of atypical antipsychotics
on brain volume changes. Therefore from sixteen remitted and stable
patients with schizophrenia magnetic resonance imaging brain scans
were obtained at baseline and after 16 weeks of either discontinuation
(n=8) or continuation (n=8) of antipsychotics. The authors detected an
increase in the volumes of nucleus accumbens and putamen in patients
who stayed on their atypical medication whereas the discontinuation
group presented with a reduction of these volumes [20].
One hypothesis is that gray matter loss is associated with the disease
pathology and that atypical antipsychotics can prevent further gray
matter loss. This means that gray matter protection could be a possible
mode of action of atypicals. Atypical antipsychotics have been proposed
to be involved in neuroplasticity [21], and could therefore possibly
influence certain brain volumes.
However, brain volume is influenced by many factors. Brain volume
changes could also be associated with age. One study showed that before
the age of 26 years patients with schizophrenia had a higher brain
volume loss then controls, whereas after the age of 40 years healthy
controls showed higher brain volume loss over a five year course [22].
One recent study pointed out the relevance of the Intelligence
Quotient (IQ). 84 patients with schizophrenia were compared to 116
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healthy controls and received brain scans over a three year period. The
authors identified a positive correlation between changes in the IQ and
cortical volume and thickness globally and in the frontal, temporal and
parietal cortices. No influence of symptom severity, cannabis use or
the cumulative dose of antipsychotic medication was found [23]. Rais
et al. reported that 20 antipsychotic-naïve patients with schizophrenia
had a reduced whole-brain volume and gray/white volumes compared
to controls and that these abnormalities might be associated with
differences in the IQ [24].
All these confounding factors make it difficult to precisely interpret
the heterogeneous studies on antipsychotic drugs and brain volume.

Possible responsible mechanisms for brain volume changes
If antipsychotic drugs have an impact on brain volumes, one key
question remains: are there explanations for their possible mechanism
of action in this respect?
An animal study by Cotel et al. showed that rats chronically
exposed to antipsychotic treatment presented an increased activity of
microglia in certain brain regions. These findings indicate an association
between the antipsychotics haloperidol/ olanzapine and markers of
neuroinflammation in the brain [25]. Therefore altered brain volumes
could be caused by increased neuroinflammation, different structural
remodelings, including apoptosis and cell migration.
Another mechanism could be a regulation of free radicals. These
reactive oxygen species have been identified to contribute to neuronal
damage and to play a role in the pathophysiology of schizophrenia
(reviewed in [26]). However it has been shown, mainly in animal
models that antipsychotics impact on the free radical metabolism and
that there are differences of atypical and typical antipsychotics regarding
the levels of antioxidant enzymes. Only haloperidol and not risperidone,
clozapine or olanzapine significantly decreased manganese-superoxide
dismutase, copper-zinc superoxide dismutase and lipid peroxidation in
rat brain [27]. The same authors reported in a follow-up study that it was
possible to reverse the above effects caused of haloperidol on antioxidant
enzymes by switching to atypical antipsychotic drugs (olanzapine,
clozapine or risperidone) [28].
Also other enzymes related to the free radical generation such as
nitric oxide synthase were found to be inhibited by typical antipsychotics
[29], although atypical antipsychotics did not alter or reversed the levels
of these enzymes [29, 30].

Do Brain Volume Changes Caused by Disease or Drugs
Matter Clinically?
Regarding the question whether schizophrenia symptoms are
affected by changes of gray matter or basal ganglia volumes, it is
helpful to identify structural abnormalities in the brain that may have a
functional counterpart.
A recently published study pronounced evidence that gray matter
volume loss in schizophrenia is associated with treatment response: The
group of schizophrenic patients that were resistant to first-line atypical
antipsychotic therapy or did not even respond to clozapine had a
significantly greater reduction of gray matter volume compared to both
controls and patients who responded to atypical antipsychotics [31]. In
addition, it has been shown in a five year longitudinal study that the
patients with the most unfavorable course (indicated by the number of
hospitalizations) had the largest loss in gray matter of the frontal lobe
[2]. During the course of a six week trial, Li et al. found an increase of the
volume of the putamen in treated patients with schizophrenia compared
to controls, which was positively correlated with the reduction of positive
symptoms assessed by the Positive and Negative Syndrome Scale (PANSS)
[18]. Huang et al. reported that patients with schizophrenia suffering
from acoustic hallucinations showed a correlation between PANSS
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Authors, year

Number of
participants

Main findings

Type of medication

Haijma et al., 2013
(meta-analysis)

n> 18000 in total

volume increase in the caudate nucleus

only for atypical antipsychotics
only in medicated patients with schizophrenia

Fusar-Poli et al., 2013

n= 10826

Molina et al., 2005

n= 40

total gray matter loss
reduced gray matter volume; increase in left
ventricular volume and higher cumulative dose of
antipsychotics associated with gray matter volume
loss
augmentative effect on gray matter volume

Graver et al., 2005

n= 26

increase in the gray matter volume

increase in gray matter loss in the right caudate
nucleus and left superior frontal gyrus

patients treated with risperidone and clozapine
only in patients treated with risperidone or
ziprasidone
patients receiving haloperidol or untreated
patients with atypical antipsychotics compared
to typicals
patients with
clozapine and olanzapine
patients with
typical antipsychotics

decrease in gray matter volume

patients treated with haloperidol

no change in gray matter brain volume
ongoing decline in gray matter of the right and left
prefrontal cortex and in the periventricular area
increased volume in the putamen and globus
pallidus

patients treated with olanzapine

no volume change
Van Haren et al., 2011

n= 182

lower cortical thinning

Van Haren et al., 2008

n= 209

less decrease in the gray matter in the frontal lobe

Liebermann et al.,
2005

n= 161

Ahmed et al., 2015

n= 64

Gur et al., 1998

n= 224

patients with schizophrenia treated with
antipsychotics

higher thalamic volume
Li et al., 2012

n= 89

increased volume of the putamen

Glenthoj et al., 2007

n= 38

no differences in volume changes of the basal ganglia
higher volume in the putamen

patients treated clozapine
patients treated with antipsychotics
patients with higher dose of an atypical
antipsychotic drug
patients treated with antipsychotics
patients treated with risperidone or
zuclopenthixol
patients treated with risperidone

Table 2: Studies on brain volume in patients treated with antipsychotic drugs.
total scores and thalamic volumes, indicating that the thalamic volume
could distinguish healthy controls from patients with schizophrenia
with acoustic hallucinations [3]. In a sample of drug-naïve first-episode
patients with schizophrenia, the decease of gray matter in certain brain
regions correlated with total PANSS score and were therefore associated
with clinical symptom severity [6]. Especially the total brain volume
and the volume of the cerebellum were found to be associated with
the schizophrenia symptom “disorganization” over a five year course
[32]. Neckelmann et al. also investigated whether hallucinations as a
core symptom of schizophrenia are associated with brain volume. They
compared 12 patients with schizophrenia (treated either with atypical
or typical antipsychotics) to 12 healthy controls and demonstrated that
gray matter loss in the left temporal lobe was significantly associated
with the frequency of hallucinations. However differences between the
classes of antipsychotics were not reported [33].
Altogether these findings indicate that clinical symptoms of
schizophrenia may be associated with changes in brain volume, but
with all these equivocal results especially with respect to the impact of
medications no clear conclusions can be drawn.

Are there Other Therapeutic Options then Antipsychotic
Drugs to Stop Brain Volume Loss?
Given the numerous reports of structural abnormalities and
potential relevance of progressive changes in the pathophysiology of
schizophrenia it seems important to have therapeutic options to stop
the brain volume loss. There are already first ideas how a progressive
brain volume loss in schizophrenia could be treated or prevented: In
a sample of chronic patients with schizophrenia it was shown that

recombinant human erythropoietin was able to stop the loss of gray
matter brain volume. Wustenberg et al. investigated 32 men who
suffered from chronic schizophrenia and received weekly intravenous
infusions of high-dose erythropoietin versus placebo over a twelve week
course of treatment. Erythropoietin showed neuroprotective effects in
schizophrenic patients compared to placebo: Over the course of the
study erythropoietin prevented gray matter loss in brain areas that have
typically been associated with volume loss in schizophrenia like the right
ventral frontal cortex [34].
It has also been proposed that exercise therapy could be a strategy
against brain volume loss: Malchow et al. reported that a three month
endurance training lead to an increased volume of the left superior,
middle and inferior anterior temporal gyri compared to baseline
in patients with schizophrenia [35]. Others have found that the
hippocampal volume increases in response to aerobic fitness in patients
with schizophrenia as well as in controls [36].
Another approach to stop gray matter loss in schizophrenia is
cognitive enhancement therapy. A study by Eack et al. investigated
over a two year period whether cognitive enhancement therapy is
more effective in reducing gray matter loss in early course patients with
schizophrenia than enriched supportive therapy used as a control group
setting. The group of patients under cognitive enhancement therapy had
significantly less loss of gray matter volume in the left hippocampus,
fusiform gyrus, parahippocampal gyrus and increases were found in the
left amygdala [37].
However, these findings originate from a rather small sample size
and should be interpreted with caution. Furthermore, it would be
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interesting to see studies that combine treatment with erythropoietin,
exercise therapy, enhanced cognitive therapy and atypical antipsychotics
in patients with schizophrenia and measure their impact on brain
volume changes.

7. Kambeitz-Ilankovic L, Meisenzahl EM, Cabral C, von Saldern S,
Kambeitz J, et al. (2016) Prediction of outcome in the psychosis
prodrome using neuroanatomical pattern classification. Schizophr
Res. 173: 159-165.

Conclusion

8. Takahashi T, Wood SJ, Yung AR, Soulsby B, McGorry PD, et al.
(2009) Progressive gray matter reduction of the superior temporal
gyrus during transition to psychosis. Arch Gen Psychiatry. 66:
366-376.

The precise impact of antipsychotics on brain volume and its
relevance on the clinical course in schizophrenia is not overall clear
and cannot be explained with complete certainty. However, there is
convincing evidence that changes in brain volumes in schizophrenia
are already present before the onset of clinical relevant symptoms and
that these brain volumes changes, especially in gray matter and basal
ganglia can be influenced by antipsychotic medication. To date several
studies point at different effects of treatment with typical or atypical
antipsychotic drugs: According to the data, this difference seems to be
in favor of the use of atypical antipsychotic medication, as several of
these drugs have been identified to have augmentative effects on brain
volumes instead of further reductions. However, brain volume changes
are probably not the main cause of disease progression, as not all patients
with schizophrenia have a reduced gray matter volume. In this respect
a recent study showed that over the course of nine years 21% of patients
with schizophrenia had the same levels of gray matter as the healthy
control cohort [38].
Nevertheless brain volume changes in schizophrenia might be a
relevant disease pathology that is worth the effort to try to prevent it.
Future studies need to address whether a combination therapy of atypical
antipsychotic medication and other alternative treatment methods
that have been identified to prevent brain volume loss (e.g. physical
exercising) could be helpful. Currently the diagnosis of schizophrenia
is based on the presentation of clinical symptoms. However, damage to
neurons and glia cells might have occurred already many years earlier
reflected by the measured brain volume changes in prodromal states
of prospect schizophrenic patients. In the future, early interventions
strategies are needed that prevent this early, partly irreversible brain
volume loss in schizophrenia.
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