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Objective: Numerous neuroimaging
studies have examined the function of
the dorsolateral prefrontal cortex in
schizophrenia; although abnormalities
usually are identified, it is unclear why
some studies find too little activation and
others too much. The authors’ goal was to
explore this phenomenon.

Method: They used the N-back working
memory task and functional magnetic
resonance imaging at 3 T to examine a
group of 14 patients with schizophrenia
and a matched comparison group of 14
healthy subjects.

Results: Patients’ performance was sig-
nificantly worse on the two-back working
memory task than that of healthy sub-
jects. However, there were areas within
the dorsolateral prefrontal cortex of the
patients that were more active and areas
that were less active than those of the
healthy subjects. When the groups were
subdivided on the basis of performance
on the working memory task into healthy
subjects and patients with high or low

performance, locales of greater prefrontal
activation and locales of less activation
were found in the high-performing
patients but only locales of underactiva-
tion were found in the low-performing
patients.

Conclusions: These findings suggest that
patients with schizophrenia whose per-
formance on the N-back working memory
task is similar to that of healthy compari-
son subjects use greater prefrontal re-
sources but achieve lower accuracy (i.e.,
inefficiency) and that other patients with
schizophrenia fail to sustain the prefron-
tal network that processes the informa-
tion, achieving even lower accuracy as a
result. These findings add to other evi-
dence that abnormalities of prefrontal
cortical function in schizophrenia are not
reducible to simply too much or too little
activity but, rather, reflect a compromised
neural strategy for handling information
mediated by the dorsolateral prefrontal
cortex.

(Am | Psychiatry 2003; 160:2209-2215)

Abnormal dorsolateral prefrontal cortex activation
during neuroimaging studies remains a linchpin in the ar-
gument for the central role that dorsolateral prefrontal
cortex neuropathology plays in schizophrenia. The most
replicated finding has been one of relatively less dorsolat-
eral prefrontal cortex function (so-called hypofrontality),
but several functional magnetic resonance imaging (fMRI)
studies of patients with schizophrenia have either failed to
find hypofrontality (1, 2) or found greater dorsolateral pre-
frontal cortex activation (hyperfrontality) (3—-6). Extrinsic
factors such as differences in clinical populations or med-
ication effects may contribute to these divergent findings,
but variability of the response in the dorsolateral prefron-
tal cortex of patients with schizophrenia may arise from an
intrinsic abnormality in information processing that man-
ifests as greater or less dorsolateral prefrontal cortex acti-
vation depending on how patients handle the experimen-
tal conditions.

Using a parametric version of the N-back working mem-
ory task, we demonstrated that healthy subjects operate
on an inverted-U-shaped curve as their working memory
load increases and thus become relatively hypofrontal
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when working memory capacity is exceeded (7). Further-
more, Rypma and D’Esposito (8) demonstrated greater ac-
tivation but similar performance in healthy subjects with
longer reaction times compared with faster-responding
subjects (reduced efficiency of information processing).
Although the relationship between working memory
performance and dorsolateral prefrontal cortex activation
has been demonstrated for healthy subjects (7), this rela-
tionship remains unclear in schizophrenia. Two possibili-
ties might be considered. First, patients and healthy sub-
jects might operate on the same proximal limb of the load-
response curve, but patients might reach their capacity
sooner (consistent with their limited working memory ca-
pacity [3, 41), fall off the curve sooner, and thus appear to
be hypofrontal compared with healthy subjects beyond
this point. In other words, if fMRI activation is represented
on the y axis and working memory load on the x axis, then
at any given level of performance the activation of healthy
subjects will be equal to or greater than that of patients.
The second possibility is that patients and comparison
subjects operate on separable and distinct load-response
curves. In this case, one would not be able to predict acti-
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FIGURE 1. Inverted-U-Shaped Curve Representing Theoret-
ical Response of the Dorsolateral Prefrontal Cortex to
Increasing Working Memory Load in Patients With Schizo-
phrenia and Healthy Comparison Subjects?

Patients and Comparison Subjects on Same Curve
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Increasing working memory load is represented on the x axis with
the theoretical fMRI response on the y axis. In the first graph, pa-
tients and comparison subjects operate on the same working mem-
ory curve until patients become relatively hypofrontal as they reach
their limited working memory capacity sooner. This model is insuf-
ficient to explain hyperfrontality. In the second graph, patients and
comparison subjects operate on distinct curves. Patients reach the
peak of the inverted U sooner and thus appear hyperfrontal at
lower working memory load. However, their working memory ca-
pacity is eventually breached and hypofrontality results. The peak
height of the curves may or may not be similar, but, as drawn, this
model would predict that patients and comparison subjects reach
similar magnitudes of prefrontal activation but at different levels of
working memory load, which has been reported (4).

vation differences between patients and comparison sub-
jects for a given level of performance. Both possibilities are
illustrated in Figure 1. It is important to note that no single
experiment has as yet demonstrated the existence of such
curves. Nonetheless, we have favored the latter interpreta-
tion, given the demonstration of greater activation when
performance is near normal in patients (4, 5). In other
words, greater activation at a point where the patient’s
working memory capacity has been exceeded violates the
expectations of an overlapping inverted U-shaped curve.
Separate curves, with patients with schizophrenia shifted
to the left, appear to show that patients are hyperfrontal at
relatively higher performance and hypofrontal at lower
performance. Because no study has resolved this conun-
drum, the discussion of dorsolateral prefrontal cortex
function in schizophrenia remains largely one of greater
versus less activity than comparison subjects.

In fact, either scenario may be an oversimplification, or
elements of both concepts may apply. Certainly, hypo-
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frontality and hyperfrontality studies greatly outnumber
negative studies, which suggests that illness results in a
fundamental alteration or alterations in neural strategy
adopted within the schizophrenic dorsolateral prefrontal
cortex.

As part of a continuing program of examining the dy-
namics of dorsolateral prefrontal cortex function during
executive cognition in patients with schizophrenia, we
used fMRI at high field (3 T) to compare dorsolateral pre-
frontal cortex activation in patients with schizophrenia
and healthy comparison subjects performing the N-back
working memory task. We hypothesized that these data
would replicate our previous finding of hyperfrontality in
schizophrenic patients (4). In addition, since our group of
patients with schizophrenia included both high-perform-
ing and low-performing patients, we further hypothesized
that the prefrontal response of each subgroup might be
differentiated on the basis of performance.

In this comparison we found the first evidence to our
knowledge of concomitant areas of greater and lesser dor-
solateral prefrontal cortex activation, supporting the no-
tion that dysfunction of the dorsolateral prefrontal cortex
in schizophrenia is complex and likely a reflection of the
organization of neural activity, i.e., the neural strategy for
information processing, rather than simply reflecting too
much or too little prefrontal activity.

Method

We studied 14 patients with schizophrenia and 14 matched
healthy comparison subjects. Patients were recruited from the
Clinical Brain Disorders Branch Sibling Study (Protocol 95-M-
0150). Patients were recruited from local and national sources ad-
vertised in print, by word of mouth, and on the Internet. Patients
with DSM-IV diagnoses of schizophrenia and schizoaffective dis-
order were selected. Healthy volunteers were recruited from the
National Institutes of Health Clinical Research Volunteer Program
and were screened in an identical fashion to patients (see below).
This study was approved by the Institutional Review Board of the
Intramural Program of the National Institute of Mental Health. All
subjects gave written, informed consent before participation.

All subjects were given a Structured Clinical Interview for DSM-
IV to determine the presence of any psychiatric illnesses, a neuro-
logical examination, a battery of neuropsychological tests, an
EEG, and a screening MRI examination (9). Exclusion criteria in-
cluded inability to give informed consent, IQ below 70, a history
of substance abuse within the past 6 months, a history of signifi-
cant neurological illness, and any focal abnormalities found by
EEG or MRI. Healthy comparison subjects were matched to pa-
tients for age, gender, years of education, handedness, and socio-
economic status as closely as possible. All patients were receiving
a stable regimen of antipsychotic medication (including either
typical or atypical antipsychotics) (Table 1).

All subjects underwent a training session immediately before
fMRI data acquisition to practice the N-back task. Before the fMRI
scanning session, all subjects were trained to the point at which
their performance (accuracy) for the task remained constant. In
contrast to other versions of this task, our version of the N-back
task consisted of continual presentation of visual stimuli in which
every number was both a probe and a target (i.e., 100% target).
The numbers 1-4 appeared randomly every 1.8 seconds for 500
msec at set locations at the points of a diamond-shaped box. In-
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TABLE 1. Demographic and Clinical Characteristics and Performance on Working Memory Task of Patients With Schizo-

phrenia and Healthy Comparison Subjects

Total Group High-Performing? Low-Performing?
Healthy Patients With Healthy Patients With Healthy Patients With
Subjects Schizophrenia Subjects Schizophrenia Subjects Schizophrenia
Variable (N=14) (N=14) (N=8) (N=7) (N=6) (N=7)
N N N N N N
Right-handed 9 6 6 3 3
Male gender 11 1 7 5 4 6
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Age (years) 325 9.0 31.5 8.6 33.2 8.9 30.5 13.4
Dose of antipsychotic medication
(chlorpromazine equivalents/day) 4763 291.7 556.0 157.0 237.7 96.4
Education (years) 16.8 3.1 14.6 2.7 16.2 3.2 15.0 1.4 16.8 4.1 16.3 2.5
Socioeconomic status 49.0 124 57.8 7.2 453 16.7 63.3 3.9 54.9 7.7 55.0 121
No-back memory task
Accuracy (%)b 99.9 0.1 99.0 1.3 99.6 0.1 99.0 1.4 100.0 0.0 98.7 1.1
Reaction time (msec) 2948 56.7 289.1 59.5 2912 558 338.7 3.4 293.0 504 290.0 249
Two-back memory task
Accuracy (%)¢ 86.1 133 72.7 18.3 95.5 3.6 88.6 7.5 73.5 103 56.9 9.2
Reaction time (msec) 2419 954 300.9 12.4 2099 753 287.7 62.1 2257 779 3352 609

a Defined by performance on the two-back memory task.

b Comparison subjects were significantly more accurate than patients (t=2.3, df=26, <0.05).

¢ Comparison subjects were significantly more accurate than patients (t=2.2, df=26, <0.05). High-performing comparison subjects were signif-
icantly more accurate than low-performing comparison subjects (t=5.6, df=12, p=0.001). High-performing patients were significantly more
accurate than low-performing patients (t=3.1, df=12, p=0.002). High-performing comparison subjects were more accurate than both high-
performing (t=2.2, df=13, p=0.05) and low-performing (t=11.0, df=13, p<0.0001) patients. Low-performing comparison subjects were less
accurate than high-performing patients (t=3.1, df=11, p=0.01) and more accurate than low-performing patients (t=3.1, df=11, p=0.01).

structions displayed above the diamond informed subjects to re-
call the stimulus seen “N” previously. The stimuli were generated
by a standard desktop computer running in-house software (R.
Coppola) and projected onto an opaque screen at the subjects’
feet. Individuals who wore glasses were fitted with nonferromag-
netic glasses matching their current prescription.

Responses were relayed to the computer by means of a fiber-
optic response box with buttons arrayed in the same configura-
tion as the stimuli presented on the screen and relayed back to
the computer for tabulation of performance accuracy. The task
was presented as one continual run in which 30-second epochs of
either no back or two back (the latter entailing a delay between
stimuli of 3.6 seconds). We recorded both accuracy (percent cor-
rect responses) and reaction time (RT).

Whole brain blood-oxygen-level-dependent fMRI data were
collected on a 3-T General Electric scanner (General Electric Sys-
tems, Milwaukee) with a GE-EPI RT pulse sequence acquisition of
24 contiguous slices (echo time=30 msec, repetition time=2 sec-
onds, flip angle=90°, field of view=24 cm, matrix=64x64, voxel di-
mensions=3.75x3.75x6 mm). All fMRI data were processed and
spatially normalized to a common stereotaxic space (Montreal
Neurologic Institute template) and analyzed with SPM 99 soft-
ware (Wellcome Department of Cognitive Neurology, London
(http://www.fil.ion.ucl.ac.uk/spm/]) as described previously (4,
10). Individual data were examined for excessive interscan and
intrascan motion artifacts as described previously (11). Single-
subject contrast maps were created by contrasting two-back and
no-back tasks with a one-sample t test. All individual maps
showed activation of the typical working memory network as de-
scribed previously for this task (4, 7). Two one-sample t test maps
for each group were combined to create a mask that limited fur-
ther comparisons to those regions activated by both groups.

Single-subject contrast images were entered into a second level
of analysis comparing patients with comparison subjects using
analysis of variance (ANOVA). Coordinates were transformed to
the standard space of Talairach and Tournoux (12) and are re-
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ported as z scores with a significance threshold of p<0.05 (uncor-
rected) and a minimum cluster size of 8.

Because of the performance differences noted below, the group
comparison between patients and comparison subjects was re-
run as an analysis of covariance (ANCOVA) with performance as a
nuisance variable. Finally, both the patient group and the com-
parison group were subdivided to create equal subgroups that
differed significantly in working memory performance. The defi-
nitions of “hypofrontality” and “hyperfrontality” refer to results
taken from the statistical parametric mapping analysis (e.g., “hy-
perfrontality” was used when patients showed greater dorsolat-
eral prefrontal cortex activation than comparison subjects).

There were no demographic differences between subgroups
(Table 1). The eight high-performing comparison subjects were
significantly more accurate than the six low-performing compar-
ison subjects. The seven high-performing patients were signifi-
cantly more accurate than the seven low-performing patients.
High-performing comparison subjects were more accurate than
both high-performing and low-performing patients. Low-per-
forming comparison subjects were less accurate than high-per-
forming schizophrenic patients and more accurate than low-per-
forming patients (Table 1).

Group comparisons with ANOVA were made between high-
performing comparison subjects and high- and low-performing
patients and then between low-performing comparison subjects
and high- and low-performing patients. Since our primary hy-
potheses involved prefrontal activation, only these results are re-
ported here.

Results

Overall Group Differences

Because subjects were matched on a case-by-case basis,
no significant demographic differences were found (Table
1). Speed of response did not differ between groups, but
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FIGURE 2. Hypofrontality and Hyperfrontality During Two-
Back Working Memory Task in 14 Patients With Schizo-
phrenia Compared With 14 Healthy Comparison Subjects?®

Regions in Which Comparison Subjects
Had Greater Activation Than Patients

Regions in Which Patients Had
Greater Activation Than Comparison Subjects

@ For all comparisons, p<0.05, minimum cluster size=8, according to
SPM 99, uncorrected.

patients with schizophrenia performed less accurately
than comparison subjects at both no-back and two-back
tasks. At no-back, although performance was different,
both groups performed highly accurately and near ceiling.
At two-back, the patients’ performance was significantly
worse, although still well above chance (25% accuracy for
the N-back task) (Table 1). There were no significant dif-
ferences in the number of responses (i.e., number of omit-
ted responses) found for any comparison.

In agreement with our previous findings with this mem-
ory task (4), the most significant overall group difference
in activation of the dorsolateral prefrontal cortex seen on
fMRI was an area of greater activation (hyperfrontal) in
patients in spite of overall poorer accuracy (Table 2, Figure
2). However, unlike our previous comparison of patients
and healthy subjects during the two-back task, we also
identified in this study group a region within the dorsolat-
eral prefrontal cortex in which patients showed less acti-
vation. For example, patients were hypofrontal in the left
middle frontal gyrus (Brodmann’s area 10/46). Elsewhere
in the prefrontal cortex, other working memory areas, in-
cluding the superior frontal gyrus (Brodmann’s area 6) and
inferior frontal gyrus (Brodmann’s area 47), showed both
greater and less activation by patients. Patients showed an
exclusively greater response in bilateral medial frontal gy-
rus (Brodmann’s area 8). In contrast, areas in which com-
parison subjects showed an exclusively greater response
included bilateral (Brodmann’s area 9) and left (Brod-
mann’s area 44) inferior frontal gyrus. These dorsolateral
prefrontal cortex differences, together with widespread
differences throughout the working memory network,
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TABLE 2. Differences Between 14 Patients With Schizo-
phrenia and 14 Healthy Comparison Subjects in Activation
in Dorsolateral Prefrontal Cortex During Two-Back Work-
ing Memory Task

Talairach-
Tournoux

Coordinates

Contrast and Brodmann’s z

Brain Region Hemisphere Area Score X y z
Patients >
comparison
subjects
Middle frontal
gyrus Left 10/46 3.26 41 40 4
Inferior frontal
gyrus Left 47 218 -52 15 -1
Medial frontal
gyrus Right 8 2.07 4 27 47
Left 8 192 -11 32 48
Superior
frontal gyrus Right 6 236 25 -1 66
Left 6 2.04 -8 -4 67
Left 6 193 30 -1 61
Comparison
subjects >
patients
Inferior frontal
gyrus Right 47 280 30 21 -6
Left 44 247 =22 9 33
Middle frontal
gyrus Left 9 257 =30 27 32
Left 9/46 195 38 38 26
Right 9 219 38 31 32
Left 10/46 195 -22 44 3
Superior
frontal gyrus Right 6 188 26 -9 34

suggest that although both groups used a similar working
memory network, different neural strategies were engaged
during information processing. ANCOVA with perfor-
mance as the covariate did not alter these relationships,
suggesting that these results were a simple linear effect of
performance differences.

Performance Subgroup Analyses

To further explore the impact of performance differ-
ences on these data, both groups were subdivided on the
basis of their performance differences. The comparison of
high-performing healthy subjects and high-performing
patients reiterated the findings from the whole study—ar-
eas of both hypofrontality and hyperfrontality were found.
High-performing comparison subjects showed greater
dorsolateral prefrontal cortex activation bilaterally than
high-performing patients (right Brodmann’s area 9 [Talai-
rach-Tournoux x, y, and z coordinates=34, 35, 37], z score=
2.91, p=0.002; right Brodmann’s area 9/46 [30, 38, 26], z
score=1.84, p=0.03; left Brodmann’s area 9 [-30, 31, 32], z
score=2.28, p=0.01) and low-performing patients (right
Brodmann’s area 46 [34, 35, 9], z score=3.42, p<0.001; left
Brodmann’s area 9/46 [-34, 41, 26], z score=3.44, p<0.001;
left Brodmann’s area 46 [-34, 38, 15], z score=3.20, p=
0.001) (Figure 3).

Low-performing comparison subjects showed no areas
of greater dorsolateral prefrontal cortex activation than
high-performing patients but did show greater dorsolat-
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FIGURE 3. Impact of Differences in Performance of Two-
Back Working Memory Task on Activation in Dorsolateral
Prefrontal Cortex of 14 Patients With Schizophrenia Com-
pared With 14 Healthy Comparison Subjects?

Regions in Which High-Performing Comparison Subjects
Had Greater Activation Than High-Performing Patients

Regions in Which Low-Performing Comparison Subjects
Had Greater Activation Than Low-Performing Patients

Regions in Which High-Performing Patients Had Greater
Activation Than High-Performing Comparison Subjects

Regions in Which High-Performing Patients Had Greater
Activation Than Low-Performing Comparison Subjects

2 For all comparisons, p<0.05, minimum cluster size=8, according to
SPM 99, uncorrected.

eral prefrontal cortex activation than low-performing pa-
tients (left Brodmann’s area 46 [-34, 38, 15], z score=2.51,
p=0.006; left Brodmann’s area 9/46 [-41, 38, 26], z score=
2.36, p=0.009) (Figure 3). In contrast, high-performing pa-
tients showed greater left dorsolateral prefrontal cortex
activation than high-performing comparison subjects

Am | Psychiatry 160:12, December 2003
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TABLE 3. Summary of Combined Effects of Diagnosis and
Performance on Two-Back Working Memory Task? on
Activation in Dorsolateral Prefrontal Cortex Among 14
Patients With Schizophrenia and 14 Healthy Comparison
Subjects

Relative Activation in Dorsolateral
Prefrontal Cortex

High-Performing  Low-Performing
Patients With Patients With
Schizophrenia Schizophrenia
(N=7) (N=7)
Hypofrontality/
hyperfrontality

Comparison Group

High-performing normal
comparison subjects (N=8)

Low-performing normal
comparison subjects (N=6)

Hypofrontality

Hyperfrontality Hypofrontality

@ Accuracy rates are shown in Table 1.

(Brodmann’s area 46 [-41, 40, 4], z score=3.98, p<0.001) and
low-performing comparison subjects (left Brodmann’s
area 46 [-41, 40, 4], z score=2.95, p=0.002) (Figure 3). The
results of these analyses are summarized in Table 3.

In summary, low-performing patients were uniformly
hypofrontal. However, hyperfrontality arose as patient
performance approached or surpassed that of compari-
son subjects, although areas of hypofunction were found
in relatively higher-performing patients as well.

Discussion

In a single group of patients performing a working
memory task, we found areas of both greater and less dor-
solateral prefrontal cortex activation than in healthy com-
parison subjects performing the same task. These data
support the contention that patients operate on a distinct
inverted-U-shaped curve compared with healthy subjects
(Figure 1). At low performance, patients with schizophre-
nia show primarily hypofrontality, as suggested by the
comparison of low-performing patients with high- and
low-performing healthy subjects. Patients whose perfor-
mance was closer to that of the normal comparison sub-
jects, however, primarily demonstrated hyperfrontality.
Both findings suggest that, likely as a result of dorsolateral
prefrontal cortex pathology, patients possess an abnormal
neural strategy and handle working memory information
differently than healthy comparison subjects do. These
data suggest that neither hypofrontality nor hyperfrontal-
ity per se is a sufficient explanation for working memory
deficits in schizophrenia.

The finding of less dorsolateral prefrontal cortex func-
tion in poor-performing patients resembles previous find-
ings in positron emission tomography (PET) and fMRI
(see reference 13 for review). The finding of greater activa-
tion of the left dorsolateral prefrontal cortex in patients
performing well is also similar to data from previous fMRI
reports in patients with schizophrenia (3, 4). Notable addi-
tional similarities include greater activation of the hippo-
campus in poor-performing patients than healthy sub-
jects. Regions other than the dorsolateral prefrontal cortex
also show both greater and less activation differences be-
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tween groups—including the anterior cingulate, inferior
parietal lobule, basal ganglia, and superior frontal gyrus.

Although pathology in these other nodes of the working
memory circuit may play a role in these regional findings,
our supposition is that they are secondary to dorsolateral
prefrontal cortex function. This contention is supported
by studies finding that only dorsolateral prefrontal cortex
levels of N-acetylaspartate (measured by proton magnetic
spectroscopic imaging) predicted activation in the dorso-
lateral prefrontal cortex and these other locales (4, 14).

The finding of right-sided hypofrontality is similar to
the finding of the majority of previous PET and fMRI stud-
ies (e.g., references 15, 16). However, the finding of simul-
taneous hypofrontality and hyperfrontality within subre-
gions of the working memory network is unique. This
study may have also benefited from the use of a strong
field magnet (3 T). Physiological signal-to-noise ratios in-
crease with field strength, and it may be that this contrib-
uted to our ability to identify areas of greater and less dor-
solateral prefrontal cortex function. Another potential
explanation is that the performance difference between
comparison subjects and patients is the smallest yet re-
ported. We compared the effect sizes (Cohen’s d) for fMRI
studies that published means and standard deviations for
performance data (e.g., d=3.26 in Manoach et al. [3]; d=
4.92in Callicott et al. [11] ; d=1.76 in Manoach et al. [5]; d=
0.92 in Callicott et al. [4]; d=1.2 in Perlstein et al. [15]; and
d=1.5 in Barch et al. [16]) and found the effect size in our
current data set to be smaller (d=0.84). Furthermore, the
difference in performance was smaller than in our previ-
ous study, which found hyperfrontality (4), again suggest-
ing that as patient performance approaches that of com-
parison subjects more areas that appear overactive might
be identified.

The contention that patients and comparison subjects
operate on distinct load-response curves has been posited
as a way to unify the diverse findings of both greater and
less dorsolateral prefrontal cortex activation in past fMRI
and PET studies (13). We think it important to note that
there was no single dorsolateral prefrontal cortex response
in our subjects but, rather, distinct group differences in
several dorsolateral prefrontal cortex nodes. Given our
limited understanding of the role of functional specializa-
tion within the dorsolateral prefrontal cortex, we are un-
able to assign particular importance to multiple areas of
group difference beyond the notion that the data impli-
cate widespread information processing dysfunction
within the dorsolateral prefrontal cortex. Depending on
the particular characteristics of the groups studied and the
demands of the task, one could imagine that these non-
overlapping curves could be captured in a region in which
patients showed greater activation per unit performance
than comparison subjects and the contrary finding of
greater activation for comparison subjects. These data are
consistent with this contention.
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Hypofrontality characterized the patients’ dorsolateral
prefrontal cortex response when they performed signifi-
cantly worse than healthy subjects (e.g., high-performing
comparison subjects versus high-performing patients and
low-performing comparison subjects versus low-perform-
ing patients). However, hyperfrontality characterized as-
pects of the patients’ dorsolateral prefrontal cortex re-
sponse when their performance fell within the normal
range (e.g., high-performing patients versus high-per-
forming comparison subjects and high-performing pa-
tients versus low-performing comparison subjects). How-
ever, these data are an incomplete justification of the
construct of two load-response curves because they do
not directly demonstrate that a given dorsolateral prefron-
tal cortex region moves from hyperfrontality to hypofron-
tality as performance falls. Since it is not likely that dorso-
lateral prefrontal cortex activation increases indefinitely,
one might assume that hyperfrontal dorsolateral prefron-
tal cortex regions will eventually become hypofrontal be-
yond capacity (as has been demonstrated for healthy sub-
jects pushed past capacity [7]). Alternatively, it might be
that hypofrontal regions are always hypofrontal, given a
general failure of patients to recruit or use the proper
working memory network.

Finally, the data do not suggest a single load-response
curve in the dorsolateral prefrontal cortex but, rather, a
family of curves depending on the node examined. Again,
factors that give rise to multiple curves within the dorso-
lateral prefrontal cortex are not understood at this time.
The data are most compelling at demonstrating that pa-
tients differ most from healthy subjects in the way in
which they organize neural activity and maintain proper
levels of activation in the working memory network. To
perform near normal, patients engage the working mem-
ory system in an inefficient manner. When performing
poorly, they do not appropriately engage and sustain the
working memory system. These data suggest that neither
findings of patient hypofrontality nor findings of patient
hyperfrontality are erroneous; rather, they both reflect as-
pects of dorsolateral prefrontal cortex dysfunction in
schizophrenia.

Several alternate explanations for these findings must
be considered. First, one could argue that the identifica-
tion of areas of greater activation by both groups in sepa-
rate locales resulted from areas of nonoverlapping activa-
tion in each group that, when compared, produced
apparent group differences. Thus, instead of identifying
pathology-specific activation differences, we have simply
identified two groups of subjects activating a working
memory network at separate locales. However, since
group comparisons were limited to areas activated by
both groups, this explanation is unlikely. In addition, the
number of subjects studied is small. Although the statisti-
cal parametric mapping analysis should allow generaliza-
tion to the general population, these results require repli-
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cation. In particular, alternate prefrontal tasks should be
used; such work is currently underway.

In summary, we have demonstrated that patients with
relatively intact working memory function showed areas
of both greater and less dorsolateral prefrontal cortex acti-
vation simultaneously. These data lend credence to the
idea that although patients operate grossly within a work-
ing memory network similar to that used by healthy sub-
jects, there is a distinction in the neural subfields recruited
during these tasks. Hypofrontality seems to be associated
with gross failure in working memory performance, and
hyperfrontality seems to arise in the setting of better per-
formance. Patients with schizophrenia do not appropri-
ately process and maintain information in the working
memory system, a deficit that might extend to other cog-
nitive functions.
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