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Introduction

Early diagnosis and treatment is the key to good outcome
and recovery of schizophrenia (Sz), a severe and disabling mental
disorder. Considerable e orts have been made to identify potential
biomarkers of schizophrenia in neuroimaging, genomics and
psychophysiological measures, in order to support early diagnosis
of schizophrenia. Structural imaging studies have reported reduced
whole brain and hippocampal volumes [1], frontal-temporal gray
matter volume loss [2], enlarged third and lateral ventricles [1,3],
white matter abnormalities in the frontal and temporal lobe [4] in
schizophrenia patients. Functional imaging studies have found that
prefrontal function declines (“hypofrontality”) before the emergence
of symptoms and frontostriatal function impaired therea er [5], and
decreased activation in the anterior cingulate [6].  ere are other
potential biomarkers such as a lower N-acetylaspartate/creatine ratio
and dopamine overactivity identi ed in schizophrenia patients or
high-risk people with Magnetic Resonance Spectroscopy (MRS), PET
and Single Photon Emission Computed Tomography (SPECT) [1,3,7-9].

Decreased Regional Glucose Metabolism (rGMR) in the
prefrontal cortex and ACC in schizophrenia was found in FDG-
PET studies [1,3,10,11]. Interestingly, fMRI studies also reported
decreased hemodynamic responses in the frontal cortex and ACC in
schizophrenia patients during tasks [12,13].  ese observations on
hypofrontality (reduced metabolism or Cerebral Blood Flow (CBF)
in the prefrontal cortex) using PET and fMRI trigger the following
questions: What is the relationship between glucose metabolic and
hemodynamic processes during neuronal activity? Are schizophrenia
patients di erent from healthy controls in such metabolism-blood

ow relationship?
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However, little is known about the relationship between glucose FDG-PET data
metabolism and CBF in patients with schizophrenia during cognitive
tasks. In our previous research [34], this was studied using FDG-PET
and BOLD fMRI during an auditory prepulse-to-attention task with a
small sample (10 patients and 7 healthy controls). In this research, we
further explored it with a larger sample using FDG-PET and BOLD
fMRI during a visual attention task.

Materials and Methods
Subjects

17 unmedicated schizophrenia patients (6 females, 11 males; age:
31.8 + 10.4 years) were recruited for the spatial focus-of-attention
study and 38 healthy subjects (15 females, 23 males; age: 30.5 + 8.1
years) served as controls. All participants were screened for severe
medical illness (such as diabetes), neurological illness (such as head
trauma, central nervous system (CNS), neurological disease and
seizure disorder) and substance abuse (within the past 6 months of
entry into the study). ey also had a negative urine toxicology screen
and females a negative pregnancy test on scan day. All subjects were
without metallic implants and eligible for MRI scan. ey provided
written informed consent in accordance with the Mount Sinai School
of Medicine and James J. Peters Institutional Review Board guidelines.

ere were no signi cant di erences in age and gender between the
two groups. For detailed demographic characteristics of the subjects,
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developed in the NeuroScience PET Laboratory at the Mount Sinai
School of Medicine. Details of the Brodmann area analysis approach
were described [42,43], hemodynamic response curves were extracted
from the frontal and temporal cortex, anterior cingulate, caudate and
thalamus. Area under the curve (AUC) was calculated for each region
(in each hemisphere, and/or for each tissue type) in each condition
with the Root Mean Square (RMS) approach. e calculated AUC
values were correlated with rGMR obtained from the PET image and
the maximum correlation in each brain region (across hemispheres,
tissue types and conditions) is considered as the correlation between
glucose metabolism and hemodynamic response for that region.

Results

e spatial patterns of the group SPM di erences (Figure 1)
are di erent, however, both rGMR and hemodynamic response are
signi cantly (p<0.01) lower in patients than controls in regions, such
asthe frontal (BAs 9, 11, 46, 47) and temporal (BAs 21, 22, 38) cortices,
and the ACC (BAs 24, 25, 32) (Table 1).

In addition, when considering all the subjects of this study for
the correlation analysis, rtGMR and hemodynamic response are
signi cantly correlated in the frontal cortex (BAs 11, 47), temporal
cortex (BAs 21, 22, 38), ACC (BAs 24, 25, 32), caudate and thalamus
(Table 2). Further, as observed in our previous auditory attention study
[34], the correlations between rGMR and hemodynamic response of
patientsin di erent regionsare di erent from those of controls (Table 2).

Discussion

In this study, we investigated the correlation between rGMR
and hemodynamic response during visual attentional performance
in schizophrenia and found that although there were di erences in
the spatial patterns of the SPMs between rGMR and hemodynamic
response, rGMR and hemodynamic response were signi cantly
correlated in the frontal cortex (e.g. BA 11), temporal cortex (e.g. BA
21), ACC (e.g. BA 25), caudate and thalamus for all the subjects; and
the correlation patterns of the patients were di erent from those of

controls.  ese results are consistent with the ndings in our previous
study during auditory attention performance [34].

Correlations between rGMR and hemodynamic responses

e SPMsof PET and fMRI1 images in this study demonstrated that
patients had less hemodynamic responses and glucose metabolism
in the fronto-temporal cortical regions than controls in response
to the attention task. Such hypometabolism and low hemodynamic
responses in schizophrenia patients in the frontal regions is consistent
with the ndings in PET studies [1,3,10,11] and fMRI studies [12,13]
during tasks. e fronto-temporal hypometabolism and reduced
hemodynamic responses found in this study revealed the functional
de cits in the fronto-temporal regions in schizophrenia during
attentional performance. Factors such as frontal-temporal gray matter
volume loss [2], white matter abnormalities in the frontal and temporal
lobe [44], altered dopaminergic and glutamatergic neurotransmission
and disturbed cognitive processing in these regions may shed light on
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Different patterns of rGMR-flow correlations in patients and
controls
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