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Abstract
Background—Abnormalities in the white matter of the brain may occur in individuals with
schizophrenia as well as with normal aging. Therefore, elderly schizophrenic patients may suffer
further cognitive decline as they age. This study determined whether elderly schizophrenia
participants, especially those with declined cognitive function (CDR>1), show white matter
metabolite abnormalities on proton magnetic resonance spectroscopy (1H MRS), and whether there
are group differences in age-dependent changes in these brain metabolites.

Method—23 elderly schizophrenic and 22 comparison participants fulfilling study criteria were
enrolled. Localized, short echo-time 1H MRS at 4 Tesla was used to assess neurometabolite
concentrations in several white matter regions.

Results—Compared to healthy subjects, schizophrenic participants had lower N-acetyl compounds
(NA, −12.6%, p=0.0008), lower myoinositol (MI, −16.4%, p=0.026) and higher glutamate
+glutamine (GLX, +28.7%, p=0.0016) concentrations across brain regions. Schizophrenic
participants with CDR≥1 showed the lowest NA in the frontal and temporal regions compared to
controls. Interactions between age and schizophrenia status on total creatine (CR) and choline-
containing compounds (CHO) were observed; only schizophrenic participants showed age-related
decreases of these two metabolites in the right frontal region.

Conclusion—Decreased NA in these white matter brain regions likely reflects reduced neuronal
content associated with decreased synapses and neuronal cell volumes. The elevated GLX, if
reflecting elevated glutamate, could result from excess neuronal glutamate release or glial
dysfunction in glutamate re-uptake. The decreased MI in participants with schizophrenia suggests
decreased glial content or dysfunctional glia, which might result from glutamate-mediated toxicity.
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Emerging evidence suggests that abnormalities in oligodendroglia or myelination can lead to
white matter pathology that may contribute to the disease processes of schizophrenia (1). Brain
tissues of schizophrenic patients demonstrated ultra-structural alterations of the myelin,
including inclusions and loss of myelin compactness (2), as well as decreased number or death
of oligodendroglia (3). In addition, DNA microarray analysis of post mortem tissue from the
dorsolateral prefrontal cortex demonstrated that six genes whose expression is enriched in
myelin-forming oligodendrocytes were down-regulated in the schizophrenic compared to
control subjects (4). These six genes were implicated in the formation and maintenance of
myelin sheaths, which are critical for efficient axonal signal propagation and provide extrinsic
trophic signals that affect the development and long-term survival of axons (1).

Little is known regarding abnormalities in the myelin or white matter in schizophrenia, and
whether such abnormalities affect cognitive function. The cognitive and functional deficits
commonly seen in younger schizophrenic patients appear to worsen in some who are becoming
elderly (>60 years of age). Despite the profound functional and cognitive decline in some of
these elderly schizophrenic patients, neuropathological studies do not show the pathological
hallmark of other dementia syndromes, such as Alzheimer’s disease, multi-infarcts, or Lewy
body dementia. Since white matter and myelin changes also occur with normal aging (5,6),
degenerative processes during normal aging may exacerbate the pathophysiology of
schizophrenia in elderly schizophrenic patients.

Furthermore, recent data suggest dysfunctional interactions between the glutamatergic and
dopaminergic systems may ultimately lead to excess release of glutamate (7,8), in particular
in schizophrenic patients with cognitive impairment and negative symptoms (9). The important
pathophysiologic role of glutamate is further bolstered by the discovery of many susceptibility
genes for schizophrenia that act on glutamatergic transmission (10). Since astroglia is essential
for glutamate homeostasis, dysfunctional uptake of glutamate by astroglia also might
contribute to elevated extracellular glutamate and hence excitotoxicity to neurons and glia in
schizophrenic subjects. Recent in vivo measurements documented elevated glutamine in the
left anterior cingulate and thalamus of never-treated schizophrenic patients (11), as well as
elevated glutamate in prefrontal and hippocampal regions in chronic schizophrenic patients
who were treated with medications (12). However, little is known regarding changes in
glutamate levels in the white matter and in elderly schizophrenic patients.

This study used proton magnetic resonance spectroscopy (1H MRS) at 4 Tesla to assess white
matter abnormalities in the brains of elderly schizophrenic patients, including those with
declined cognitive function (CDR ≥1). The study also aimed to determine whether elderly
schizophrenic participants show different age-related changes of neurometabolites in the white
matter compared to non-schizophrenic healthy comparison subjects. We hypothesized that
elderly schizophrenic subjects, especially those with cognitive decline, would show decreased
myoinositol (MI), a glial marker, due to possible glial dysfunction. Based on prior studies
(12), we proposed that glutamate+glutamine (GLX) would be elevated due to a
hyperglutamatergic state and dysfunctional glial reuptake of glutamate. The glial dysfunction
also may contribute to neuronal dysfunction, and hence lead to decreased N-acetylaspartate,
or N-acetyl compounds (NA, a neuronal marker). Although white matter diseases typically are
associated with elevated choline compounds (CHO) and total creatine (CR), a meta-analysis
of over 25 1H MRS studies of schizophrenic subjects showed no significant changes in either
CR or CHO in the white matter (13); therefore, we do not expected significant changes in either
one of these metabolites.
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Methods
Participants

Twenty-three elderly participants with a DSM IV diagnosis of schizophrenia, including 3 with
schizoaffective disorder based on our structured diagnostic interview (14), were enrolled.
Fourteen of these participants had mild cognitive and functional decline (Clinical Dementia
Rating (15) or CDR < 1) and 9 had moderate to severe decline (CDR ≥ 1). Participants with
schizophrenia were initially screened and recruited from Pilgrim Psychiatric Center inpatient
and outpatient facilities located in Brentwood, N.Y., and the Hudson Valley Veterans Affairs
Medical Center inpatient psychiatric unit, Montrose, N.Y. An independent consent auditor
assessed and ensured each participant’s capacity to provide informed consent. The subjects
signed written consents approved at the institutions where they were recruited (Pilgram
Hospital and Hudson Valley Veterans Affairs Medical Center) and from Brookhaven National
Laboratory where the imaging studies were performed. Twenty-two healthy elderly
comparison subjects from the local community also were recruited and enrolled in the study.
Each participant underwent a neuropsychiatric evaluation, screening laboratory studies
(including complete blood count, routine chemistry, liver enzymes, and thyroid function tests)
and urine toxicology screen. Schizophrenic participants were included if they had: 1) DSM IV
diagnosis of schizophrenia, with any subtype or schizoaffective disorder; 2) Clinical Dementia
Rating score <2; 3) age ≥ 60 years; 4) male or female; 5) any ethnicity/race; 6) on medication
therapy for schizophrenia; 7) willing and able to give informed consent (as assessed by a
consent auditor independent from the study). Non-schizophrenic comparison participants were
included only if they had: 1) no DSM IV Axis I diagnoses of any type; 2) Clinical Dementia
Rating score < 1; 3) age ≥ 60 years; 4) male or female; 5) any ethnicity/race; and 6) willing
and able to give informed consent. Exclusion criteria for all participants included: 1) other
illness or factors present which may have caused psychiatric symptoms and/or cognitive
impairments or decline; 2) poor medical health (e.g. unstable coronary artery disease,
uncontrolled diabetes); 3) axis II developmental disorder or functional impairment that would
prevent cognitive testing; 4) history of drug or alcohol dependence (except for nicotine) or
positive urine drug screen on the day of the scan (marijuana, cocaine, PCP, benzodiazapines,
opiates, barbiturates and amphetamines), except those due to medications; 5) presence of metal
objects that are contraindicated for MR scanning; 6) documented history of violent acts. In
addition, participants with schizophrenia were excluded if they had:1) other Axis 1 diagnosis
in addition to schizophrenia or schizoaffective disorder; 2) current episode of major depression
or mania (if schizoaffective disorder). Furthermore, non-schizophrenic participants were
excluded if they had: 1) history of significant psychiatric illness requiring hospitalization; or
2) significant uncorrected visual or hearing deficits, or functional impairment which may
interfere with cognitive testing and assessment of psychiatric symptoms.

MRI and MRS
MRI and localized 1H MRS were performed on a Varian 4 Tesla scanner. MRI started with
the acquisition of a sagittal scout image (gradient echo, TE/TR=6/50 ms, one slice of 5 mm
thickness, 24 cm FOV, flip angle 40°), followed by a 3-D modified driven equilibrium Fourier
transformed (MDEFT) sequence (16) (TE/TR = 8/15 ms, mixing time 1200 ms, 24×18×14.4
cm FOV, resolution 256×192×48) to screen for structural abnormalities. Lastly, a coronal
hyperecho sequence (17) (TE/TR=68/8000 ms, echo train length = 16, 256×256 matrix size,
28 coronal slices, 0.86 × 0.86 mm in-plane resolution, 5 mm thickness, 1 mm gap, 2 min scan
time) yielded images for assessments of potential white matter abnormalities and the
prescription of voxel locations.

Water-suppressed MRS data were acquired using an optimized double spin echo sequence
(PRESS) (18), with TE=30 ms, TR=3000 ms, 64 averages, and 2 kHz bandwidth. Additionally,
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the unsuppressed water signal for each voxel was acquired at 7 different echo times (TE=30,
50, 80, 100, 200, 500, 1000ms; TR=15 seconds, 1 repetition), with other scanning parameters
identical to those used for spectrum acquisition. In each participant, up to 5 MRS voxels were
prescribed (Figure 1). In order to avoid the inclusion of gray matter, the voxels tended to be
smaller in the schizophrenic subjects than the controls for all regions due to their smaller white
matter volumes: [frontal white matter: right: 4.9±1.5 vs. 4.3±0.8 mm3; left: 4.5±1.5 vs. 4.3±0.9
mm), occipital white matter (right or left: 5.4±2.9 vs. 4.4±1.5 mm3), and temporal white matter
(right: 5.1±1.7 vs. 3.8±1.4 mm3; left: 4.9±1.9 vs. 3.9±1.0 mm3). Two of these elderly
participants were unable to remain motionless during the MRS acquisitions and data had to be
discarded; the remainder 43 subjects had acceptable data from both right and left frontal
regions, 35 had right temporal, 40 had left temporal and 30 had right or left occipital regions.
The total scan time averaged 75 minutes (range 45–120 minutes).

The amplitudes of the unsuppressed water signals (7 TE values) were fitted to a double-
exponential T2 decay model (19). The shorter of the two T2 components (T2 approximately
70 ms) represents water from brain parenchyma, whereas the long T2-component (T2 greater
than 1000 ms) reflects water from CSF. The amplitude of the parenchymal water signal,
corrected for T2, was used as an internal reference to calculate metabolite concentrations,
which are insensitive to coil loading, to changes in the water T2, and to the percentage of CSF
in each voxel (19,20). The metabolite concentrations of NA, CR, CHO, MI, and GLX were
determined in the LC Model Program (21), using a basis data set that included the spectra of
alanine, aspartate, CHO, CR, GABA, glucose, glutamate, glutamine, glycine, lactate, MI,
NAA, NAAG, taurine, and macromolecules. After fitting the separate contributions of
glutamate and glutamine, GLX was defined (by LCModel) as the sum of glutamate plus
glutamine. Spectra were included in the analysis only if the CR line-width and Cramer-Rao
bounds, as determined by LC Model, were below 0.1 ppm and 20% for frontal and occipital
white matter, and 0.13 ppm and 25% for temporal white matter.

Statistical analyses
Statistical analyses were performed in StatView (version 5.0.1, SAS Institute Inc., Cary, NC).
Since there were no differences between hemisphere or brain regions from the analyses of
covariance (ANCOVA) on the brain metabolites, in order to minimize multiple comparisons,
metabolites in the different brain regions were averaged for each metabolite. Unpaired t-tests
or the analysis of variance (ANOVA) were then used to compare differences between
comparison and schizophrenic subjects for the average concentration of each metabolite; group
differences for individual brain regions were also shown in Figures 2 & 3 with their respective
p-values from unpaired t-tests. Correction for multiple comparisons was made using an
improved Bonferroni procedure, which is a procedure that uses a rank-ordering of significance
values (22). To assess possible interactions between aging and schizophrenia on cerebral
metabolite levels, ANCOVA were performed, with disease status as a categorical variable and
age as a covariate (Figure 4). A type I error probability ≤ 0.05 was used to determine statistical
significance.

Results
Clinical Characteristics

Table 1 shows similar ages but lower education in the schizophrenic participants than our
comparison participants. The two groups also showed similar hematocrit, thyroid stimulating
hormones, and triglycerides, but the schizophrenia group had lower serum cholesterol. Only
three comparison participants smoked cigarettes, while 15 of the 23 schizophrenic subjects
were smokers. General cognitive function, as measured by Mini-Mental Status examination
(MMSE), was also lower in the schizophrenia group. As expected, the schizophrenia group
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showed significantly higher CDR (15) than the comparison participants. The average age of
onset of schizophrenia disorder was 21±2.4 years and duration of illness was 43.1±5.4 years.
Participants with schizophrenia demonstrated a moderate amount of positive (mean PANSS
positive score = 16.5±5.9) and negative (mean PANSS Negative score = 20±5.5) symptoms
by the Positive And Negative Syndrome Scale (23).

All except two schizophrenic patients were treated with maintenance antipsychotic
medications and some required additional psychotropic medications. Seven received both
typical antipsychotics (5 haloperidol, 2 fluphenazine) and atypical antipsychotics (2 were
treated with olazapine, 4 received risperidone and 1 received quetiapine concurrently). Of the
remainder 16 patients, 14 were prescribed only atypical antipsychotics (5 received risperdone,
4 received quetiapine, 3 received olanzapine; 2 received clozapine), and 2 were not receiving
antipsychotics at the time of the study. Ten patients required an anxiolytic medication (7 with
lorazepam, 2 with clonazepam and 1 with buspirone). Nine participants also were receiving
divalproex; three of these participants additionally were taking paroxetine, oxcarbamazepine
or lithium.

Metabolite abnormalities in elderly participants with schizophrenia
Figure 2 show that the average metabolite level across all regions were different between the
controls and the schizophrenic subjects for NA (−12.6%, p=0.0008), MI (−16.4%, p=0.026),
and GLX (+28.7%, p=0.0016). These findings remain significant after correction for multiple
comparisons using ranked-ordering of the significant values (22). The schizophrenic subjects
showed only a trend for elevated CHO (+5.9%, p=0.18); no group difference was observed for
CR. The individual regions showed group differences that were consistent with the overall
findings, although not all regions reached statistical significance (Figure 2).

Potential influence of medications or drugs on brain metabolites—Since prior
studies found lower NA only in schizophrenic patients who were receiving typical
antipsychotics (24), we evaluated the potential differences in NA between typical and atypical
antipsychotics. Both subgroups of schizophrenics showed lower NA across regions compared
to controls (typical+atypical vs. controls: −10.2%, t29=2.3, p=0.03; atypical vs. controls: −17%,
t32=3.6, p=0.001), but no group difference was observed between those who are treated with
atypical versus typical+atypical antipspychotics.

We also evaluated the possible effect of valproic acid on glutamate levels (25); however, no
group difference was observed in brain GLX levels in any brain regions in subjects with or
without divaproex in their medication regimens. Furthermore, because nicotine-smoking might
affect brain metabolites (26), we also compared brain metabolite levels in smoking and non-
smoking schizophrenic participants, but found no group differences.

Metabolite abnormalities in elderly patients with and without cognitive decline
For the three metabolites that were different between schizophrenic subjects and controls,
group differences were also found between schizophrenic subjects with definite cognitive
decline (CDR≥1) and those without (CDR<1) and comparison subjects across regions (Figure
3). On post hoc analyses, schizophrenic subjects with cognitive decline showed significantly
lower NA in all except the occipital region, while those without cognitive decline had
significantly lower NA only in the frontal white matter regions. The elevated GLX showed a
similar pattern of increase between the two schizophrenic subgroups. The decrease in MI was
variable across regions between the subgroups.
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Interaction between age and schizophrenia on brain metabolites
The right frontal white matter CHO and CR showed age-dependent decreases in the
schizophrenic subjects, which contrasts with age-dependent increase in CR and relatively
stable CHO levels in the right frontal white matter of non-schizophrenic participants (group
difference in age-related change in CHO: F(1,34)=4.54; p=0.04; CR: F(1,34)=5.84; p=0.02;
Figure 4, top left and middle left graphs). Similar trends for opposite slopes for age-related
changes in CR were observed in the left frontal white matter; however, this difference in the
slopes was not significant. Although NA is lower in the schizophrenic participants compared
to healthy individuals across the age ranged studied, no group interaction related to age was
observed (Figure 4, bottom graphs).

Discussion
Brain white matter metabolite abnormalities are shown in elderly patients with schizophrenia;
specifically, we observed overall decreased NA and MI, elevated GLX, and a trend for
elevation of CHO in schizophrenic subjects compared to healthy volunteers. Decreased NA
suggests decreased neuronal content or neuronal dysfunction, while decreased MI suggests
decreased glial content or function, and elevated GLX may reflect a hyperglutamatergic state
in the white matter regions of these patients.

The decreases in the frontal and temporal white matter NA (12–18%) in these elderly
schizophrenic patients are similar to or greater than those typically observed in the frontal gray
matter (6.4% on average across 27 studies) or frontal white matter (6.4% matter across 17
studies) (13). The longer disease duration in our elderly schizophrenics might have contributed
to the greater decreases in NA, as reported previously (24). Although neuropathology of
schizophrenic brains consistently found increased, but maldistributed, neuronal density in the
white matter (27), many also found decreased soma size (28), decreased dendritic arborization
(29,30), and hence fewer synaptic contacts and decreased brain volumes (31). Therefore, the
decreased NA in the white matter likely reflects decreased neuronal content associated with
decreased synapses and neuronal cell volumes (including the axons that traverse the white
matter).

Imaging and neurocytochemical studies also showed white matter abnormalities in
schizophrenic patients. For instance, MRI demonstrated decreased global and regional white
matter volumes (32–35), decreased magnetization transfer ratios (36,37), as well as decreased
anisotropy on diffusion tensor imaging (DTI) (38–42) in various white matter brain regions of
schizophrenic patients, all of which point to possible myelin or white matter abnormalities.
Unlike acute inflammatory demyelinating disorders, such as multiple sclerosis (43) or active
progressive multifocal leukoencephalopathy (PML) (44), we only observed a trend for
increased CHO in the white matter of our elderly schizophrenic patients. The lack of
significance might be due to the small effect size relative to the sample size.

However, unlike many acute inflammatory demyelinating brain disorders that show
concomitant elevation of MI and CHO, our schizophrenic participants showed decreased MI
in most brain regions studied. Since MI is a glial marker (45), it is typically elevated during
glial activation or glial hypertrophy associated with active inflammation or demyelination,
such as in the white matter of patients with HIV (46), multiple sclerosis (43,47), or PML
(44). The lack of elevated MI in patients with schizophrenia is also different from degenerative
brain disorders, such as Alzheimer’s and frontotemporal dementia, which show increased MI
along with decreased NA (48,49). In these degenerative dementias, elevated MI probably
reflects a glial response to the neuronal injury. Conversely, the decreased MI in our
schizophrenic patients suggests decreased or dysfunctional glial response despite abnormal
neuronal function (decreased NA). The decreased glial marker MI is also consistent with recent
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postmortem finding of reduced glial fibrillary acidic protein-reactive astroglia in the dorsal
lateral prefrontal cortex of schizophrenic patients (50).

In addition, our schizophrenia subjects had elevations of white matter GLX. This finding is
consistent with two previous studies that found elevated glutamate or GLX/CR in the frontal
white matter of both medication-naïve and treated schizophrenic patients (12,51). In contrast,
another MRS study reported lower glutamate and glutamine levels in the anterior cingulate,
but increased glutamine in the thalamus, of medicated schizophrenia patients (52). We found
an average of 25.8% elevated GLX across brain regions, including the occipital regions, which
tended to show normal levels for the other metabolites. The elevated GLX signal may reflect
elevated glutamate, which could be due to a hyper-glutamatergic state of white matter in
schizophrenia. Alternately, increased GLX may reflect a compensatory response to reduced
glutamatergic transmission or binding to the receptors. Both possibilities, however, imply a
pronounced dysfunction in the glutamate-glutamine homeostasis.

Since one important function of glia, especially astroglia, is re-uptake of glutamate from the
extracellular space after neurotransmission, astroglial dysfunction might prevent this reuptake
and lead to excess extracellular glutamate. Therefore, excess neuronal glutamate release
coupled with dysfunctional glial reuptake could lead to the elevated extracelluar glutamate
concentration. Among glial cells, oligodendroglia are particularly vulnerable to glutamate-
mediated glial cell damage, via overactivation of AMPA (alpha-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid) and kainate receptors (53). Interestingly, patients with multiple
sclerosis also showed elevated glutamate on MRS in acute demyelinating lesions (43). Since
multiple sclerosis is associated with pathology in the oligodendroglia, and hence
demyelination, similar mechanism of astroglial dysfunction may contribute to the disease.

One limitation of the current study is that with a standard short-echo time MRS sequence
(TE=30 ms), the spectral peaks of glutamate, glutamine and GABA were overlapping and
difficult to separate even on the 4 Tesla scanner. Therefore, while GLX was fitted only from
glutamate and glutamine concentrations, it is possible that some of the GABA signal was
attributed to “GLX”, despite the separate fitting of GABA in the basis function. However, the
contribution of GABA to the GLX would be minimal, since typical GABA concentrations are
substantially (10–20 times) lower than those in the GLX peak. In addition, macromolecules
might contribute to the GLX peak, as observed from degradation products in acute multiple
sclerosis lesions (54). However, our LC Model analyses indicated little or no effect on the GLX
levels from the macromolecule resonances. A novel technique, echo-time (TE)-averaged
PRESS, can measure glutamate with minimal contamination of the glutamine and
macromolecule peaks (55) which may be useful for future studies of schizophrenic patients.
A second potential confound may be the effect of subtle differences in the partial volume of
gray matter in the voxels between participant groups on metabolite concentrations. However,
the relatively large changes in metabolite concentrations measured are much larger than the
small concentration difference due to the different proportion of gray-white composition within
the voxels. Thirdly, the potential effects of chronic medications on brain metabolite levels
should be considered. Specifically, valproic acid and lithium both can stimulate glutamate
release; however, the 9 schizophrenic participants who received divalproex and one that
additionally received lithium did not show group difference in GLX any of the brain regions.
Our finding is consistent with a recent MRS study that valproic acid had no effect on GLX in
patients with bipolar disorder (56). Lastly, since chronic D2 blockade may lead to both
structural and metabolic changes in the brains of schizophrenic patients (57,58), decreased NA
also may be related to the effects of antipsychotics. A recent study in rats treated long-term
with haloperidol, however, showed no effect on brain NA or glutamate levels (59). Therefore,
the metabolite changes observed in the current study are probably not due to medication effects;
however, a larger sample size is needed to further validate these findings.
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Schizophrenic subjects with cognitive decline had greater decreases in white matter NA than
those without cognitive decline. In contrast to the greater than normal age-related decline of
NA in younger participants with schizophrenia (24), elderly schizophrenic patients showed a
similar slope but lower NA across the age span compared to controls. The prior study (24),
however, did not correct for the partial volume effect from CSF in the voxels, which may be
larger due to greater brain atrophy in the aging schizophrenic subjects. Postmortem studies
indeed suggest schizophrenia does not involve ongoing neuronal degeneration (28). Although
glutamatergic dysfunction is thought to be related to cognitive impairment in schizophrenia,
both subjects with or without cognitive decline showed elevated GLX. Further correlation with
cognitive testing and longitudinal studies are needed to assess the relationship between
glutamate and cognitive function.

Assuming that age-related decline in CHO is associated with loss of myelin, the age by disease
status interaction effects on CHO in the frontal white matter would support the hypothesis that
elderly patients with schizophrenia may develop greater age-related myelin loss. CR also
decreased with age in the schizophrenic subjects, which would suggest lower energy
requirement and lack of age-related glial proliferation in the normal aging process, and age-
associated elevation of CR and MI (60–62). These changes could lead to slower neuronal
conduction and decline in frontal lobe function (e.g. executive function or working memory),
as had been reported in elderly patients with schizophrenia (63,64). Since glutamate reuptake
is also important for shaping of excitatory post-synaptic currents (65), dysfunctional or
decreased glutamate reuptake by glia may also interfere with neuronal function. Further
evaluation of the relationships between MRS abnormalities to cognitive function in these
patients is needed.
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Figure 1.
Left: Coronal images showing voxel locations in the left and right frontal white matter, left
and right temporal white matter, and left or right occipital white matter. Right: Representative
MR spectra, including the LC Model fittings from each metabolite, from the right frontal white
matter regions of a 63-year-old patient with schizophrenia and CDR=1 (top) and a healthy 66-
year-old comparison participant (bottom). Note relatively lower N-acetyl compounds (NA)
and myo-inositol (MI) but elevated glutamate+glutamine (GLU+GLN) and elevated choline
compounds (CHO) in the schizophrenic participant compared to the control participant. MM
= macromolecules
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Figure 2.
Metabolite levels in all brain regions. Relative to comparison participants, those with
schizophrenia show decreased NA, lower MI and elevated GLX when metabolites in all regions
were averages. Regionally, schizophrenic subjects showed lower NA in frontal and temporal
white matter regions, lower MI but higher GLX, and mildly increased CHO in most regions,
but not all regions show statistical significance. Error bars indicate ±1 standard deviation.
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Figure 3.
Group differences were observed for NA, MI and GLX across subjects groups. Relative to
schizophrenic participants without cognitive decline (CDR <1), those with cognitive decline
(CDR≥1) show greater decreases in NA in all regions, although the difference in the occipital
region did not reached significance. However, both schizophrenic subgroups show variable
decreases in MI and elevated GLX in these brain regions.
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Figure 4.
Top and middle graphs: Right frontal white matter shows age-dependent decreases in CHO
and total creatine in elderly schizophrenics (red triangles), which contrast with relatively stable
CHO or trends for age-related increase in CR in the comparison participants (open circles).
Similar trends for age-related changes in CHO and CR, but no group difference, were observed
in the left frontal white matter. Bottom graphs: NA is lower in schizophrenia across the age
span relative to the comparison participants. a = age-related decrease in CHO in schizophrenic
subjects F(1,20)=11.6; r= −0.62; p=0.0029; b = group difference in age-related change in CHO:
F(1,34)=4.54; p=0.04; c = age-related decrease in CR in schizophrenic subjects r= −0.62;
p=0.0037; d = group difference in age-related change in CR: F(1,34)=5.84; p=0.02.
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Table 1
Clinical Characteristics of the Participants

Schizophrenic Participants (n=23) Comparison Participants (n=22) t- and p- values
Age (years) 66.3±7.2 70.0±5.3 n.s.
Education (years) 12.2±1.8 15.5±3.6 t=4.0; df=43; p=0.0005
Hematocrit (%) 38.5±7.4 41.5±3.8 n.s.
TSH 2.57±1.9 1.98±1.1 n.s.
Triglycerides 115.4±62.9 118.1±38.7 n.s.
Cholesterol (mg/dL) 170.3±34.6 205.7±36.9 t=3.0; df=39; p=0.004
MMSE (0–30) 24.6±3.8 29.4±0.9 t=5.7; df=43; p<0.0001
CDR (stage 0–3) 1.13±0.97 0±0 t=5.5; df=43; p<0.0001
TSH = thyroid stimulating hormone; MMSE = Mini-Mental Status examination; CDR = Clinical Dementia Rating; n.s. = not significant.
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