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Objective: Repeated functional magnetic resonance imaging
(fMRI) studies of schizophrenic subjects may identify brain activ-
ity changes in response to interventions. To interpret the find-
ings, however, it is crucial to know the test-retest reliability of
the measures used.

Method: The authors scanned seven normal subjects and
seven schizophrenic subjects on two occasions during perfor-
mance of a working memory task. They quantified the reliabil-
ity of task performance and brain activation.

Results: In both groups, task performance was reliable, and all
a priori regions were activated in group-averaged test and retest
data. In individual schizophrenic subjects, however, indices of
cognitive activation were not reliable across sessions. Normal
subjects showed reasonable reliability of activation.

Conclusions: Even given reliable task performance, stable
clinical status, and a stable pattern of group-averaged activa-
tion, individual subjects showed unreliable brain activation.
This suggests that repeated fMRI studies of schizophrenia
should control for sources of variation, both artifactual and
intrinsic.

(Am J Psychiatry 2001; 158:955–958)

In schizophrenia, repeated functional magnetic reso-
nance imaging (fMRI) studies may allow a determination
of brain activity changes over time (e.g., over the course of
illness, and in response to changes in symptom profile and
to pharmacologic or other interventions). To evaluate the
findings of repeated studies, however, it is crucial to know
the test-retest reliability of the measures employed. We
scanned normal and schizophrenic subjects on two occa-
sions during working memory task performance using the
Sternberg Item Recognition Paradigm (1) modified for
fMRI (2). The Sternberg Item Recognition Paradigm is a
continuous performance, choice reaction time task that
has been demonstrated to be highly reliable and relatively
free of practice effects in normal subjects (3). We quanti-
fied the reliability of Sternberg Item Recognition Paradigm
performance and of associated activation in several a pri-
ori brain regions (4) that are thought to comprise the ana-
tomical components of a working memory network (5).
These include the dorsolateral prefrontal cortex, intra-
parietal sulcus, insula, supplementary motor area, lateral
premotor, and primary motor areas.

Method

A previous report (4) provides detailed descriptions of the
methods employed. Seven normal and seven schizophrenic sub-
jects participated (five men and two women in each group). Re-
scanning of schizophrenic subjects was contingent on no
changes in medication and stable clinical status, as indicated by
the Positive and Negative Syndrome Scale (6) (score within 20
points of the initial rating). Six normal and five schizophrenic
subjects were right-handed. The interscan interval in weeks did

not differ significantly between groups (normal subjects: mean=
13.6, SD=11.2; schizophrenic subjects: mean=9.6, SD=10.8). Nor-
mal subjects were younger (mean=34 years, SD=4, versus mean=
45, SD=8) (t=3.59, df=12, p=0.004) and had higher estimated ver-
bal IQs (mean=126, SD=7, versus mean=102, SD=12) (t=5.28, df=
12, p<0.001). After a complete description of the study, all subjects
gave written informed consent.

During working memory task performance, subjects were visu-
ally presented with either two or five digits to maintain in working
memory. Subjects then responded to the presentation of single
digits by pressing a button with either their right or left hand to
indicate whether or not the digit was in the memorized set of dig-
its. In the baseline condition, subjects responded to arrows point-
ing right or left by pressing the corresponding button. To maxi-
mize motivation, subjects were paid 5 cents for each correct
response (total possible responses=396).

Functional images were collected with a General Electric (Mil-
waukee) Signa 1.5-T high-speed scanner by using a gradient echo
T2-weighted sequence (TR=2000 msec, TE=50 msec, flip angle=
70°). Fifteen contiguous interleaved axial slices (voxel size: 3.13 ×
3.13 × 8 mm) were acquired. Functional scans were corrected for
motion, normalized, vertically averaged for each subject, trans-
formed into Talairach and Tournoux space (7), and vertically aver-
aged for each group. We identified activated voxels using pairwise t
tests of task conditions and a threshold of p<1 × 10–4. The dorsolat-
eral prefrontal cortex was defined according to conservative Talair-
ach and Tournoux coordinates (7). A neuroanatomist defined Ta-
lairach and Tournoux criteria for the other regions of interest. We
measured the magnitude and spatial extent of activation in each
region as the percent signal change in the voxel with the maximum
t statistic and as the number of activated voxels.

We computed intraclass correlation coefficients (ICCs) to quan-
tify the reliability of task performance and activation. ICCs repre-
sent the proportion of total variability accounted for by the vari-
ability between, rather than within, subjects. We considered ICCs
of 0.50 or more to indicate reasonable reliability. We also computed
regressions to determine whether the slope and intercept of the
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FIGURE 1. Test and Retest Data for Seven Normal and Seven Schizophrenic Subjects During Performance of a Working
Memory Taska

a Regression lines are presented in blue for the normal group and red for the schizophrenic group. Perfect test-retest agreement would be in-
dicated by all points falling on a diagonal line beginning at the origin and bisecting the plot. Intraclass correlations (ICCs) were calculated to
quantify reliability; values of 0.50 and higher indicate reasonable reliability.

b Percent signal change in the voxel with the maximum t statistic from the comparison of the five digits working memory condition to the
arrows baseline condition.

c Comparison: ICC=0.44, schizophrenia: ICC=0.90.
d Comparison: ICC=0.93, schizophrenia: ICC=0.92.
e Comparison: ICC=0.81, schizophrenia: ICC=–0.20.
f Comparison: ICC=0.68, schizophrenia: ICC=0.07.
g Comparison: ICC=0.49, schizophrenia: ICC=0.01.
h Comparison: ICC=0.50, schizophrenia: ICC=0.46.
i Comparison: ICC=0.71, schizophrenia: ICC=0.17.
j Comparison: ICC=0.23, schizophrenia: ICC=0.57.
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line describing the test-retest relationship differed from the agree-
ment line. We present only the analyses of the five digits versus ar-
rows (baseline condition) comparison, since it produced activation
in the greatest number of subjects during the test session.

Results

The schizophrenic subjects performed reliably with re-
gard to the number of errors across conditions. Normal
subjects performed near ceiling levels during both ses-
sions, and their low ICC reflects this restricted range of er-
rors (Figure 1, upper left). Mean reaction time across con-
ditions was reliable for both groups (Figure 1, middle left).
We also examined the variability of task performance. Al-
though the difference in mean reaction time across ses-
sions was close to zero and did not differ between groups
(t=1.05, df=12, p=0.32), the schizophrenic group tended to
have greater variability in the magnitude and direction of
change in reaction time across sessions (F=0.20, df=1, 6,
p=0.07) (Figure 1, lower left). The schizophrenic subjects
also showed significantly greater within-subject variability
of reaction time, as indicated by coefficients of variation
(F=7.59, df=1, 12, p=0.02).

In the group-averaged data, both groups activated all a
priori regions at both sessions. However, when we exam-
ined activation from individual subjects as measured by
the percent change in the voxel with the maximum t statis-
tic, the schizophrenic subjects consistently showed less
reliable activation than the normal subjects in regions as-
sociated with cognition (dorsolateral prefrontal cortex, in-
traparietal sulcus, and insula) (Figure 1, middle column).
Their reliability was comparable to that of normal subjects
in the primary motor area, worse in the lateral premotor
area, and better in the supplementary motor area (Figure
1, last column) regions associated with motor function. In
spite of the limited power of the study, regression lines
were either significantly different or tended to differ from
the agreement line only in the cognitive regions and only
for the schizophrenic group. The pattern of findings using
the number of activated voxels as the index of activation
was similar.

Discussion

Despite reliable task performance, stable clinical status,
and a comparable group-averaged activation pattern, in-
dividual schizophrenic subjects showed unreliable activa-
tion in brain regions associated with cognitive function.
Reliability was somewhat better in motor regions. The
normal subjects, in contrast, showed reliable task perfor-
mance and reasonable reliability of activation in four of
the six regions studied. However, the normal subjects dif-
fered from the schizophrenic subjects in several important
respects. They were younger, performed more accurately
and less variably, had higher verbal IQs, and moved less
during scanning. Although age and IQ differences limit the
validity of the group comparison, all the schizophrenic
subjects had at least average IQs, and the 11-year differ-

ence in mean age is unlikely to fully account for the differ-
ential reliability.

Greater motion and less accurate, more variable perfor-
mance are fairly typical results in neuroimaging studies of
schizophrenia. They frequently confound group compari-
sons and likely contribute to unreliable activation. Figure
1 reveals that several extreme cases (outliers) dispropor-
tionately contributed to unreliable cognitive activation in
the schizophrenia group. Although one of these outliers
made the most errors, the other two performed near the
group mean for errors and variability, and none were out-
liers with regard to motion. Thus, the least reliable sub-
jects were unlikely to be consistently identified by poor
performance or greater motion.

We previously reported greater variability in the spatial
distribution of activation between schizophrenic subjects
during a single scanning session (4). The current study
demonstrates unreliability of the magnitude and spatial ex-
tent of activation within schizophrenic subjects across
scanning sessions. Greater variability may be intrinsic to
schizophrenia. It has been documented even for simple
manual preference tasks (8). Both aberrant performance
and unreliable activation may reflect a failure to automatize
task performance (e.g., to use practice to shape the optimal
spatiotemporal pattern of activity in neural circuitry).

Although this is a small preliminary study, it has impor-
tant implications for repeated fMRI studies in schizophre-
nia. The findings suggest that it is important to control for
sources of variation (both artifactual and intrinsic), to
have enough observations to account for greater variabil-
ity, and to demonstrate reliability in schizophrenic sub-
jects as well as in normal subjects.
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Objective: Most phosphorus-31 magnetic resonance spectros-
copy (31P-MRS) studies have described measures of lower mem-
brane anabolism or greater catabolism in the frontal lobes of

patients with schizophrenia. The purpose of the present study
was to evaluate whether these findings can also be detected in
young subjects at genetic risk for schizophrenia.

Method: Fourteen children and siblings of patients with
schizophrenia (mean age=16.7 years) and 14 comparison sub-
jects (mean age=16.9 years) were included in a 31P-MRS study of

the frontal lobe.

Results: The high-risk subjects had significantly lower mean ra-

tios of phosphomonoesters to phosphodiesters (0.25 versus
0.31) and higher mean phosphodiester values (37.59% versus
34.87%) than comparison subjects.

Conclusions: These findings suggest greater phospholipid
breakdown even in young first-degree relatives of patients with
schizophrenia. This suggestion is discussed with respect to the

membrane phospholipid hypothesis of schizophrenia.

(Am J Psychiatry 2001; 158:958–960)

Schizophrenia is considered a neurobiological disor-

der. The examination of relatives of subjects with schizo-

phrenia is one approach in the effort to find the fundamen-

tal neurobiological characteristics more directly linked to

gene expression. In recent years, a neurobiochemical para-

digm of disturbed membrane phospholipid metabolism

has been established for schizophrenia (1). Corresponding

to this hypothesis, most phosphorus-31 magnetic reso-

nance spectroscopy (31P-MRS) studies have found lower

levels of phosphomonoesters (suggesting reduced phos-

pholipid building processes) and higher levels of phos-

phodiesters (indicating greater phospholipid breakdown)

in the frontal lobes of adult patients experiencing their first

episode of schizophrenia and neuroleptic-naive adult pa-

tients with schizophrenia (2, 3). In contrast, lower phos-

phodiester levels were observed in chronically ill but neu-

roleptic-naive patients with schizophrenia (4).

Early-onset schizophrenia has a dismal prognosis (5).
Therefore, it is important to detect subjects at risk as early
as possible. So far, only a few proton magnetic resonance
spectroscopy (1H-MRS) studies in first-degree relatives of
patients with schizophrenia (6, 7) and in young subjects
with symptoms of schizophrenia spectrum disorders (8, 9)
have shown results that can be interpreted as suggesting
higher membrane catabolism in several brain regions.
This possible vulnerability is a phenomenon of distinct di-
mensions and triggered by genetic conditions as well as
environmental influences. Therefore, we hypothesize that
young subjects at genetic risk for schizophrenia have a
membrane phospholipid imbalance with higher phos-
phodiester levels and/or lower phosphomonoester levels.

Method

Fourteen children or siblings of patients hospitalized for a
schizophrenic disorder diagnosed according to DSM-III-R crite-


