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Objective: Multislice proton magnetic resonance spectroscopic imaging (‘*H-MRSI) per-
mits simultaneous acquisition and mapping of signal intensities of N-acetyl-containing
compounds (mainly N-acetylaspartate, NAA), choline-containing compounds (CHO), and
creatine plus phosphocreatine (CRE) from multiple whole-brain slices consisting of small
single-volume elements. Previous 'H-MRSI studies of adult patients with schizophrenia
showed small NAA relative signals in the hippocampal area and in the dorsolateral prefron-
tal cortex in comparison with healthy subjects. As part of a program to address the patho-
physiological continuity between childhood-onset and adult-onset schizophrenia, the au-
thors performed *H-MRSI of patients with childhood-onset schizophrenia to specifically test
whether the hippocampal area and dorsolateral prefrontal cortex show the same abnormal-
ities as seen in adult-onset schizophrenia. Method: A 1.5-T nuclear magnetic resonance
machine was used to test 14 patients (mean age, 16.4 years) and 14 comparison sub-
jects. Ratios of areas under the metabolite peaks of the proton spectra were determined
(i.e., NAA/CRE, NAA/CHO, CHO/CRE) for multiple cortical and subcortical regions. Re-
sults: The patients showed significantly lower NAA/CRE ratios bilaterally in the hippocam-
pal area and the dorsolateral prefrontal cortex than the comparison subjects. There were
no significant differences in CHO/CRE or in NAA ratios in any other area sampled. Conclu-
sions: The present study shows that patients with childhood-onset schizophrenia have
smaller than normal regional NAA relative signals, suggesting neuronal damage or mal-
function in the hippocampal area and dorsolateral prefrontal cortex. These differences
were similar in magnitude to those found in patients with adult-onset schizophrenia. The
present data extend other evidence of a biological continuum between childhood- and
adult-onset schizophrenia.

(Am J Psychiatry 1998; 155:1376-1383)

Childhood—onset schizophrenia is a rare disease af-
fecting children before puberty; i.e., the first psychotic
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symptoms appear by age 12 years (1, 2). The patho-
physiology of childhood-onset schizophrenia has been
investigated in only a few studies, and in general the re-
sults support the hypothesis that childhood-onset
schizophrenia is in continuity with the adult-onset
form of schizophrenia. Clinical studies have shown
that the symptoms in childhood-onset schizophrenia
are generally similar to and more severe than those
seen in adult patients (2). Other studies have suggested
similar patterns of autonomic activity and reactivity
(3) and smooth-pursuit eye movements (4). Neuropsy-
chological studies (5, 6) have for the most part shown
similar deficits in cognitive processing capacity. More-
over, recent studies (7, 8) with magnetic resonance im-
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aging (MRI) have shown abnormalities of the lateral
ventricles, the basal ganglia, and the mesial temporal
lobe, structures that have been classically involved in
adult-onset schizophrenia. All these studies suggest
that childhood- and adult-onset schizophrenia may
share some pathophysiological features and that the
earlier onset in childhood-onset schizophrenia is an-
other indication of the fact that this disorder may be a
more severe form of the same disease.

Proton magnetic resonance spectroscopy (*H-MRS)
allows in vivo measurement of some aspects of brain
biochemistry.'H-MRS detects signals arising from N-
acetyl-containing moieties, mainly N-acetylaspartate
(NAA). NAA is located within neurons (9), it increases
during development (10), and it has been shown to be
an intraneuronal marker sensitive to a number of
pathological processes affecting the integrity of neu-
rons (11-14). At relatively long echo time, 'H-MRS
also detects signals arising from choline-containing
compounds (CHO) (15, 16) and creatine plus phos-
phocreatine (CRE). Several previous single-voxel *H-
MRS studies of patients with schizophrenia have
shown low NAA signal intensity or concentration in
the mesial temporal lobes (17, 18), in the region of the
hippocampus (19, 20), and in the frontal lobe (21), but
not without controversy (21-24). 1H-MRS has
evolved to *H-MRS imaging (*H-MRSI), a mapping
approach that permits acquisition of signals arising
from a large number of small single-volume elements
(25). Using this technique, we and others have previ-
ously shown low levels of NAA measures in the hip-
pocampal area and the dorsolateral prefrontal cortex
of patients with adult-onset schizophrenia (26-29).
These findings were independent of drug treatment
and were consistent with developmental neuronal pa-
thology (28, 30).

The purpose of the present study of patients with
childhood-onset schizophrenia was to investigate
whether the hippocampal area and dorsolateral pre-
frontal cortex show the same neurochemical pattern
seen in adult patients with schizophrenia and, if so, the
relative extent of the abnormalities.

METHOD

Subjects

We studied 14 patients with a diagnosis of childhood-onset
schizophrenia according to DSM-III-R criteria; their mean age was
16.4 years (SD=1.7), and 11 of the 14 were boys. After the proce-
dure had been fully explained, written informed consent was ob-
tained from the parents and the children before scanning. Recruit-
ment and diagnostic assessment have been presented in detail
elsewhere (8). Briefly, the diagnoses were based on interviews of the
children and parents that included portions of the Schedule for Af-
fective Disorders and Schizophrenia for School-Age Children—Epi-
demiological Version (31) and of the Diagnostic Interview for Chil-
dren and Adolescents, DSM-I111-R version (32). All patients were
taking neuroleptics at the time of the scan. The comparison group
consisted of 14 healthy volunteers matched for sex, age (mean age=
16.1 years, SD=2.1), and parental socioeconomic status (p>0.1)
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(33). They had been recruited both from the community and from
the normal volunteer office of the National Institutes of Health
(NIH). Exclusion criteria included a history of significant head in-
jury, alcohol or drug abuse, and serious medical/neurological illness.

MRSI Procedure

Multiple-slice 1H-MRSI was performed on a conventional GE Si-
gna 1.5-T MRI system (GE Medical Systems, Milwaukee) equipped
with self-shielded gradients, according to the method of Duyn et al.
(25) as modified by us (26-28). The procedure used in the present
study was identical to that described in our earlier reports (26-28).
Briefly, the standard quadrature head coil was used in all cases. After
a sagittal localizer (fast spin echo, TR=3500 msec, TE=102 msec), a
set of T1-weighted 3-mm-thick oblique axial images (spin echo, TR=
500 msec, TE=12 msec) was acquired in a plane parallel to the angle
of the sylvian fissure. From this set of images (which maximizes the
cross-sectional profile of the hippocampus) the volume of brain to be
included in the MRSI slices was chosen. Phase-encoding procedures
were used to obtain a 32x32 array of spectra from volume elements
in each selected slice. Each volume element (“voxel’”) had nominal
dimensions of 7.5 mm x 7.5 mm x 15.0 mm (0.84 ml). Actual vol-
ume, based on full width at half maximum (FWHM) after filtering
of k-space, was 1.4 ml (25). The filter was a radial cosine filter start-
ing at half-maximum radius. The 1H-MRSI sequence involves a spin
echo slice selection with TR of 2200 msec and TE of 272 msec and
includes suppression of water and most of the signal arising from lip-
ids in skull marrow and in surface tissues. To suppress lipid signals
from the skull and scalp, the 1H-MRSI sequence included an outer-
volume saturation pulse.

After acquiring the spectroscopic data, we obtained Ti-weighted
images again at the same location to visually inspect for subject
movement. Any visually apparent shift in the location of the hippo-
campal area from one scan to the next was considered evidence for
movement and was grounds for exclusion from the study. After the
second set of T1-weighted images, a three-dimensional MRI data set
was acquired as 124 conventional sagittal slices (spoiled gradient re-
called acquisition in the steady state, TR=24 msec, TE=5 msec). It
was not possible to acquire the last set of images for two patients
and for one normal subject.

The raw 'H-MRSI data were processed on Unix workstations
(Sun Microsystems, Mountain View, Calif.) by using software devel-
oped in-house. First, the locations of NAA, CHO, and CRE peaks
were automatically determined for all voxels. Cosine filters were
used for apodization of the free induction decay to minimize bleed
before Fourier transformation. Voxels in which these metabolite sig-
nals could not be identified (e.g., voxels located outside the head and
on or near the skull’s surface) were then manually nulled. The signal
strength in a range of 0.2 ppm (0.1 ppm on each side of the center of
the peak) around the NAA, CHO, and CRE signal positions was in-
tegrated to produce four 32x32 arrays of metabolite signals. Metab-
olite signals are reported as ratios of the area under each peak: NAA/
CRE, NAA/CHO, and CHO/CRE.

A rater blind to diagnosis manually drew regions of interest on the
Ti-weighted coaxial MR images and then transferred them to the
same location on the metabolite maps. Regions of interest were
drawn with reference to standard anatomical atlases (34, 35) bilater-
ally in the hippocampal area, the dorsolateral prefrontal cortex, su-
perior temporal gyrus, orbitofrontal cortex, occipital cortex, ante-
rior and posterior cingulate, centrum semiovale, prefrontal white
matter, thalamus, and putamen as previously described (26). The av-
erage number of voxels per region of interest was similar to that re-
ported in a previous study (26). Voxels that were contained within
the anatomical region of interest but not present on the metabolite
maps were removed. Thus, the final calculations were performed
only on voxels containing 1H spectra. The program computed the
average value of the area under each peak in all voxels within the re-
gions of interest on the metabolite maps. To assess the reliability of
these measurements, another rater blind to diagnosis independently
drew the same regions of interest in 10 randomly selected cases (in-
traclass correlation coefficient [ICC] for all regions of interest and
for all metabolite ratios, 0.94).
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FIGURE 1. Metabolite Signal Intensity Maps of N-Acetyl-Containing Compounds (NAA), Choline-Containing Compounds (CHO),
and Creatine Plus Phosphocreatine (CRE), and Representative Spectra, for a Patient With Childhood-Onset Schizophrenia?
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aThe upper signal intensity maps are at the level of the hippocampal region, and the lower ones are at the level of dorsolateral prefrontal

cortex.

Morphometry

Sagittal volume scans were also resliced coronally (as 1.87-mm-
thick sections) by means of public domain NIH “Image” 1.57 soft-
ware on a Macintosh computer, which was then used to manually
outline the hippocampal region and the prefrontal lobe areas by a
rater blind to the subjects’ diagnosis (26, 28). The hippocampal area
was outlined in the slice containing the mammilary bodies, in the
three rostral to them, and in the 10 caudal to them. The prefrontal
lobe areas were outlined in each slice rostral to the genu of the cor-
pus callosum. All measurements were executed bilaterally and con-
verted into cubic centimeters. To evaluate the reliability of measure-
ments, a second rater, also blind to the subjects’ diagnosis, measured
the hippocampal region and prefrontal lobe areas in the same man-
ner for seven subjects randomly selected (ICC for left and right hip-
pocampal region volumes, 0.81; for left and right prefrontal lobe,
0.96). The volumetric measurements were here performed for corre-
lation with the TH-MRSI data. The volumetric results from six of
these patients have already been presented elsewhere (7).

Clinical Measures
A physician also rated each patient for positive and negative
symptoms by means of the Scale for the Assessment of Positive

Symptoms (36), Scale for the Assessment of Negative Symptoms
(37), and Brief Psychiatric Rating Scale (38).
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Statistical Analysis

Differences between the patients and the comparison group were
tested separately for each metabolite ratio and for each region of in-
terest by a two-way repeated measures analysis of variance (ANOVA),
with hemisphere (left or right) as the within-group factor and diag-
nosis (patients or comparison group) as the between-groups factor.
Post hoc analysis was performed by the Tukey honestly significant
difference test. Correlations between metabolite ratios and volumet-
ric and clinical measures—including age, age at onset of symptoms
(as defined by clinical history), length of illness, and symptom rat-
ings—were performed by the Spearman test.

RESULTS

Figure 1 shows metabolite maps of NAA, CHO, and
CRE signal intensities with the coaxial MRIs for a pa-
tient and representative spectra from the hippocampal
area and the dorsolateral prefrontal cortex. The color
images are scaled to the highest value of each metabo-
lite signal intensity for each *H-MRSI slice, so that the
pattern of regional distribution of metabolite signal in-
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FIGURE 2. Mean Regional Ratios of N-Acetyl-Containing Compounds (NAA) to Creatine Plus Phosphocreatine (CRE) for Patients
With Childhood-Onset Schizophrenia and Normal Comparison Subjects
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a Significant difference between patients and comparison subjects (F=3.9, d
b Significant difference between patients and comparison subjects (F=7.7, d

tensities within the same slice can be compared be-
tween subjects, although color intensity from the
same anatomical location cannot be compared be-
tween subjects.

In the hippocampal area (figures 2-4), ANOVAs
showed a significant effect of diagnosis for NAA/CRE
(F=3.9, df=1, 26, p<0.05) and no effect for NAA/CHO
(F=1.3, df=1, 26, p>0.10) and CHO/CRE (F=0.23, df=
1, 26, p>0.50). Post hoc analysis showed that the pa-
tients had significantly lower bilateral NAA/CRE ra-
tios (p<0.05). No main effect of hemisphere or interac-
tion of diagnosis and hemisphere was found for any
metabolite ratio.

In the dorsolateral prefrontal cortex (figures 2—-4),
ANOVAs showed a significant effect of diagnosis for
NAA/CRE (F=7.7, df=1, 26, p<0.009), an effect for
NAA/CHO (F=3.6, df=1, 26, p<0.06), and no effect
for CHO/CRE (F=0.7, df=1, 26, p>0.40). Post hoc
analysis showed that the patients had significantly
lower bilateral NAA/CRE ratios (p<0.04) and lower
bilateral NAA/CHO ratios (p<0.06). No main effect of
hemisphere or interaction of diagnosis and hemisphere
was found for any metabolite ratio. No main effect or
interaction was found in any other region of interest
for any metabolite ratio. ANOVA revealed sporadic ef-
fects of hemisphere and no interaction of diagnosis and
hemisphere. None of the sporadic results, which were
not based on a priori hypotheses or previous results,
survived an appropriate Bonferroni correction for the
number of regions, even at the trend level.

The effect sizes of the NAA/CRE differences were
0.6 for the hippocampal area and 1.3 for the dorsolat-
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=1, 26, p<0.009).

f
f
eral prefrontal cortex. These are comparable to what
we previously found (26) in patients with adult-onset
schizophrenia (0.5 and 1.3, respectively).

To evaluate whether the lower ratios seen in the pa-
tients are due to differences in the numerator or de-
nominator terms, the mean integrated areas of NAA,
CHO, and CRE resonances were normalized to the
corresponding mean integrated areas in the centrum
semiovale (i.e., hippocampal NAA divided by centrum
semiovale NAA, hippocampal CHO divided by cen-
trum semiovale CHO, and so forth). We used the cen-
trum semiovale as a reference because in a previous
study (27) its metabolite ratios showed a low coeffi-
cient of variation among several other regions of inter-
est and because it is probably not involved in the pri-
mary pathophysiological process of schizophrenia.
While low normalized NAA ratios were found bilater-
ally in the hippocampal area (ANOVA: F=3.5, df=1,
26, p<0.06) and in the dorsolateral prefrontal cortex
(ANOVA: F=2.8, df=1, 26, p<0.10), no differences
were found for CHO or CRE, further suggesting that
the ratio differences between the patients and normal
subjects are due to differences in NAA.

No significant correlation was found between the
volume of the hippocampal area and the prefrontal
lobe and the ratio measures in the hippocampal area
and dorsolateral prefrontal cortex (all r values were
between —0.14 and 0.32). Spearman tests did not show
any significant correlation between NAA ratios in the
hippocampal area and dorsolateral prefrontal cortex
and the different items of the various rating scales
used. A few non-hypothesis-driven correlations
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FIGURE 3. Mean Regional Ratios of Choline-Containing Compounds (CHO) to Creatine Plus Phosphocreatine (CRE) for Patients
With Childhood-Onset Schizophrenia and Normal Comparison Subjects
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emerged, but they were not significant after Bonferroni
correction for the number of comparisons. No correla-
tion was found between any clinical variable (age, age
at onset of the disease, current neuroleptic dose, years
of treatment with neuroleptic drugs, and length of ill-
ness) and MRSI measures in the hippocampal area and
the dorsolateral prefrontal cortex (all r values were be-
tween -0.33 and 0.40).

DISCUSSION

The present study shows that patients with child-
hood-onset schizophrenia show lower NAA measures
in the hippocampal area and the dorsolateral prefron-
tal cortex suggestive of neuronal involvement exclu-
sively in these two areas. No correlation was found be-
tween NAA measures in the hippocampal area and
dorsolateral prefrontal cortex and the volume of these
structures as measured with MRI, suggesting that they
are not related to volumetric losses; this finding is also
similar to what we have observed in patients with
adult onsets. Moreover, length of illness did not predict
NAA levels, suggesting that the NAA differences are
not related to progressive pathology. These results are
consistent both in the extent and the location of the
damage with earlier findings from patients with adult-
onset schizophrenia that showed low NAA values in
mesial temporal-limbic and prefrontal cortices (17-20,
26-29), although some controversy about these find-
ings persists (21-24). Overall, the present study adds
more emphasis to the thesis of a common pathophysi-
ological process specifically affecting mesial temporal-
limbic and prefrontal circuitries in patients with child-
hood-onset and adult-onset schizophrenia.
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The involvement of the hippocampal area and the
dorsolateral prefrontal cortex in the pathophysiology
of schizophrenia has long been posited (39). Postmor-
tem studies (40-44) have shown anatomical abnormal-
ities consistent with developmental pathology, particu-
larly in the hippocampal region and the prefrontal
cortex. Structural studies with MRI have produced re-
sults consistent with those from postmortem analyses,
showing most often bilaterally lower volumes of the
hippocampal region and of the frontal lobe (45-50),
although negative reports have also appeared (51).
Functional neuroimaging studies have also implicated
the dorsolateral prefrontal cortex and its connections
with the hippocampal area in the failure of patients
with schizophrenia to produce as robust an activation
during working memory tasks as seen in healthy sub-
jects (52). Moreover, previous postmortem, 1H-MRS,
and 'H-MRSI studies have shown low NAA values in
the mesial temporal lobes (17, 18), the hippocampus/
amygdala area (19, 26-28, 53), and the prefrontal cor-
tex (21, 26-29, 53) in patients with schizophrenia.
While no postmortem study of childhood-onset schizo-
phrenia is available yet, structural imaging studies
have shown cerebral abnormalities that are consistent
with those seen in adult-onset schizophrenia. The few
MRI studies that have assessed the morphology of
brain regions specifically in patients with childhood-
onset schizophrenia have shown among other findings
a lack of the normal right-greater-than-left asymmetry
of the hippocampus and a nonsignificantly lower vol-
ume of the prefrontal lobe (7). A study with [*8F]fluo-
rodeoxyglucose and positron emission tomography
(54) showed lower glucose metabolism in anterior
frontal regions of patients with childhood-onset
schizophrenia than in normal subjects. In another pre-
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FIGURE 4. Scatterplots of Ratios of N-Acetyl-Containing Compounds (NAA) to Creatine Plus Phosphocreatine (CRE) in the Hip-
pocampal Region and Dorsolateral Prefrontal Cortex for 14 Patients With Childhood-Onset Schizophrenia and 14 Normal Com-

parison Subjects
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liminary 1H-MRS study of children with schizophrenia
(55), NAA in the frontal gray matter was significantly
lower than normal.

Although our results are consistent with those from
previous imaging research in childhood-onset schizo-
phrenia in revealing the anatomy of the circuitry in-
volved in this disorder, some inconsistencies emerge. A
recent longitudinal MRI investigation (8) showed dis-
proportionate progressive changes over 2 years in chil-
dren with childhood-onset schizophrenia, even an av-
erage of 4 years after illness onset. This series of MRI
studies has shown progressive reduction in the vol-
umes of temporal and mesial temporal structures (in-
cluding the hippocampus), of the midsagittal thalamic
area, and, indeed, of the whole brain, together with a
progressive increase in the size of the ventricles. The
large changes seen in these structures of patients with
childhood-onset schizophrenia prompted the interpre-
tation that these subjects were in a developmental pe-
riod particularly sensitive to pathological effects (8). It
was also suggested that this period of development
may have been unique in revealing ventricular enlarge-
ment that would afterward remain stable (8). This
speculation notwithstanding, the present data, ob-
tained from a similarly aged group that contained pa-
tients from those earlier structural studies, show that
NAA abnormalities are of similar magnitude to those
seen in adult-onset schizophrenia and support the the-
sis of static pathology affecting neuronal integrity of
the hippocampal area and the dorsolateral prefrontal
cortex. It should be noted that the lack of a correlation
between NAA measures in the hippocampal area and
dorsolateral prefrontal cortex and their respective vol-
umes may be an artifact of our relatively small number
of subjects, but this negative result was also found in
our earlier studies of other study groups (26, 27).
Moreover, we also did not find any correlation be-
tween NAA measures and length of illness, which
would be expected if the pathology were progressive.
In this respect it is interesting that, as in our previous
studies of patients with adult-onset schizophrenia (26—
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28), we also did not find any abnormality related to
CHO signals. CHO signals can be influenced by sev-
eral pathological, pharmacological (56), and physio-
logical processes, including diet (57). Aware of the lim-
itations associated with the interpretation of the CHO
signal, we have previously noted that low NAA values
and high CHO values (attributed to gliosis) can be
found in neurodegenerative diseases (58, 59). The cur-
rent finding of low NAA and normal CHO may imply
the presence of neuronal damage unaccompanied by
gliosis, such as might occur with a neurodevelopmen-
tal defect. Neurodevelopmental pathology would also
be consistent with the fact that patients with child-
hood-onset schizophrenia do not seem to have more
profound neuronal damage than patients with adult-
onset schizophrenia (as shown by the similar effect
sizes). Therefore, it is conceivable that the abnormali-
ties identified in the structural studies (especially those
of the hippocampal area) are unrelated to the neuronal
compartment associated with NAA signals (i.e., neu-
rons and their processes). These data, however, do not
provide further insight into the earlier onset of disease
in childhood-onset schizophrenia.

No correlation was found in this study between
NAA measures in the hippocampal area and dorsolat-
eral prefrontal cortex and the volume of the hippoc-
ampal area and prefrontal lobe. The lack of correla-
tion may again reflect the relatively small number of
subjects and the partial volume effects inherent in
current spectroscopy techniques, i.e., the spectro-
scopic signal was measured from an area larger than
the real volume. Thus, our MRSI of the hippocampal
region and dorsolateral prefrontal cortex might have
misrepresented the true anatomical signal. Alterna-
tively, the lack of a correlation between volume and
metabolites in our data might be consistent with
emerging evidence suggesting that NAA reflects more
than neuronal density (11-14, 60-64) and is sensitive
to neuronal function.

As in earlier studies, we did not find correlations be-
tween NAA measures and treatment with neuroleptics.
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Although lack of a correlation does not exclude the
possibility of some effect of neuroleptics on NAA, it is
unlikely that the findings are solely explained by treat-
ment with neuroleptics. In fact, we and others have
shown that low NAA measures are found also in pa-
tients who have received only minimal exposure to
neuroleptics (18, 28). Moreover, Okumura et al. (65)
performed a study in rats and reported no effect of
chlorpromazine on NAA levels. As we reported previ-
ously (26), we cannot exclude that the low NAA values
are due to T1 or T, relaxation effects. However, as ar-
gued before, such a regionally specific abnormality of
NAA is unlikely to arise from such effects. Another
limitation of this study is that we did not measure ab-
solute concentrations of the metabolites, thus making
the statements about single metabolites not definitive.
However, as argued in our previous paper (26), the
pattern of ratio differences (low ratio of NAA to CRE,
CHO, and NAA in the centrum semiovale together
with no difference in the ratio of CHO to CRE or to
centrum semiovale CHO or in the ratio of CRE to cen-
trum semiovale CRE) strongly suggests that the ratio
abnormalities are due to NAA.

In conclusion, patients with childhood-onset schizo-
phrenia show low NAA measures in the hippocampal
area and the dorsolateral prefrontal cortex, suggesting
impairment of neuronal integrity in these areas. These
results imply a common pattern of cortical pathology
in patients with childhood-onset schizophrenia and pa-
tients with adult-onset schizophrenia, further indicat-
ing a common physiopathology in these disorders.
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