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Dorsolateral prefrontal cortex dysfunction in the
major psychoses; symptom or disease specificity?

R J Dolan, C J Bench, P F Liddle, K J Friston, C D Frith, P M Grasby, R S J Frackowiak

MRC Cyclotron Unit,
Hammersmith
Hospital, London, UK
R J Dolan
C J Bench
P F Liddle
K J Friston
C D Frith
P M Grasby
R S Frackowiak
Academic
Department of
Psychiatry, Royal
Free Hospital and
School ofMedicine,
London, UK
R J Dolan
C J Bench
P M Grasby
National Hospital for
Neurology and
Neurosurgery,
London, UK
R J Dolan
R S Frackowiak
Psychology
Departnent
University College
London, UK
C D Frith
Correspondence to:
Dr Dolan, Academic
Department of Psychiatry,
Royal Free Hospital and
School of Medicine, Pond
Street, London NW3 2QG,
UK.
Received 7 August 1992
and in final revised form
25 February 1993.
Accepted 9 March 1993

Abstract
Neurophysiological deficits in the left
dorsolateral prefrontal cortex (DLPFC)
have been described in positron emission
tomography studies of schizophrenia and
depression. In schizophrenia and depres-
sion this deficit has been associated with
the syndromes of psychomotor poverty
and psychomotor retardation, res-
pectively. Such findings lead to a pre-
diction that DLPFC dysfunction is
symptom rather than disease related.
This prediction was empirically tested in
a retrospective study that pooled data
from 40 patients meeting research diag-
nostic criteria for depression and 30
patients meeting DSM-III R criteria for
schizophrenia. The patients were cate-
gorised into those with and without
poverty of speech, a symptom that is an
observable manifestation ofpsychomotor
impairment. The profile ofregional cere-
bral blood flow (rCBF), measured in all
subjects under resting conditions, was
subsequently compared in these two
groups. Patients with poverty of speech
had significantly lower rCBF in the left
DLFPC. This reduction of rCBF was
independent of diagnosis. The findings
support the view that the study of symp-
toms, or symptom clusters, can provide
information additional to that of tradi-
tional diagnostic systems in the study of
the major psychoses.

(7 Neurol Neurosurg Psychiatry 1993;56: 1290-1294)

Studies of cerebral neurophysiology, using
functional imaging techniques, indicate multi-
focal regional abnormalities in both schizo-
phrenia and depression. The presence of mul-
tifocal deficits in both disorders is consistent
with current conceptualisations of an anatom-
ically distributed neural basis to higher cere-
bral functions."2 Among the range of
functional deficits reported in schizophrenia
and depression, the most robust finding has
been that of 'hypofrontality'.4 Recent stud-
ies, particularly those using more refined data
analytic techniques, have provided greater
anatomical specificity to this finding with the
demonstration of dysfunction in the left dor-
solateral prefrontal cortex (DLPFC) in both
schizophrenia and depression.5 6
The characterisation of the phenomenolog-

ical and neuropsychological correlates of

biological dysfunctions is an important,
though often elusive, goal in neuropsychiatric
research. Nevertheless PET studies have
begun to suggest important and reproducible
phenomenological correlates of DLPFC
dysfunction. DeLisi et al reported significant
correlations between relative hypofrontality
and symptom ratings for emotional with-
drawal, disorientation, distractability and
helplessness/hopelessness.7 In a more recent
study of chronic schizophrenic patients, left
DLPFC dysfunction was associated with a
syndrome of psychomotor poverty.8 In
depression functional deficits in the left
DLPFC have also been associated with a
syndrome of psychomotor retardation.9

These findings suggest that there are fea-
tures common to the pathophysiology of both
depression and schizophrenia, and in particu-
lar, that diminished psychomotor activity is
associated with hypofrontality in both condi-
tions. In this investigation we pooled PET
data from two large cohorts of patients diag-
nosed as suffering with either schizophrenia
or depression. This enabled us to test -the
hypothesis that hypofrontality is associated
with diminished psychomotor activity, irre-
spective of diagnosis. Poverty of speech pro-
vides a measure of diminished psychomotor
activity that can be assessed in a manner not
likely to be confounded by qualitative
affective differences between depressed and
schizophrenic patients. Poverty of speech in
this study is defined as a "restriction in the
amount of spontaneous speech, so that replies
to questions tend to be brief, concrete and
unelaborated".'0 Furthermore, poverty of
speech is highly correlated with syndromes of
psychomotor poverty in schizophrenia" and
psychomotor retardation in depression."2 We
have therefore tested the specific hypothesis
that poverty of speech is associated with
decreased perfusion in the left DLPFC in
depression and schizophrenia in a manner
that is independent of diagnosis.

Subjects and methods
SUBJECTS
The mode of selection and clinical character-
istics of both the depressed and schizophrenic
patients have been described previously.68 In
summary, 40 depressed patients were
administered the Schedule for Schizophrenia
and Affective Disorders (SADS-L)13 and all
met the Research Diagnostic Criteria'4 for
Major Depressive Disorder and scored over
17 on the Hamilton Depression Rating Scale
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(HAM-D).'5 Exclusion criteria included age
greater than 75 years, a history of alcohol or
substance abuse, significant previous or cur-
rent medical illness, a score of over 4 on the
Hachinski ischaemic scale'6 or focal abnor-
mality on CT or MRI scanning. Half of this
patient sample were receiving medication.
The 30 schizophrenic patients were aged

less than 55 years and all met the DSM-III-R
criteria for schizophrenia.'7 Symptomatically
all the patients were in a persistently stable
state. These patients were assessed according
to a protocol specified in the Comprehensive
Assessment of Symptoms and History, which
includes the Scales for the Assessment of
Negative Symptoms (SANS).'0 All the schizo-
phrenic patients were receiving neuroleptic
medication with the mean daily dose,
expressed in chlorpromazine equivalents,
being 1465 (SD 1011) mg. All patients,
schizophrenic and depressed, were rated for
depression on a subjective measure of dys-
phoria derived from the SADS (item 234).

All patients gave informed consent. Ethical
approval was obtained from all referring
hospitals and locally from the Royal
Postgraduate Medical School Research Ethics
Committee. Permission to administer radio-
isotopes was obtained from the Adminis-
tration of Radioactive Substances Advisory
Committee of the United Kingdom.

PET METHODS
Regional cerebral blood flow was measured
under resting conditions, in a quiet darkened
room, with the subjects supine in the PET
scanner (CTI model 931-08/12). Subjects
were asked to close their eyes during the
examination but no other instructions were
given. '5Oxygen in the form of C150, mixed
with air was administered via an oxygen mask
according to an established protocol.'0 A
single scan was acquired over the final 10
minute period of an 18 minute inhalation and
arterial blood samples were taken via an
indwelling 22 g catheter at 0, 5 and 10 min-
utes into the acquisition period. A Hanning
filter with a cut off frequency of 0-5 was used
in the reconstruction of the images giving a
transaxial resolution of 8-5 mm. All scans
were performed on the same equipment using
the same methods over a three year period up
to June 1991.

IMAGE ANALYSIS
Image analysis was performed using SPM
software (MRC Cyclotron Unit, London,
UK) on a SPARC 1 workstation (Sun
Microsystems, Surrey, UK) using an interac-
tive image analysis software package (ANA-
LYZE, Biodynamic Research Unit, Mayo
Clinic, USA). Calculations and image matrix
manipulations were performed in PRO
MATLAB (Mathworks, New York).

STEREOTACTIC NORMALISATION
Each reconstructed rCBF scan consisting of
15 primary transverse planes was interpolated
to 43 planes to render the voxels approxi-
mately cubic. The data were then trans-

formed into a standard stereotactic space.'8'9
Such transformation of the data allows for
voxel by voxel averaging of data across sub-
jects. In the standard space 1 voxel represents
2 x 2 x 4 mm in the x, y and z dimensions,
respectively, allowing direct cross reference to
the anatomical features of a standard stereo-
tactic atlas.20 A Gaussian filter 10 pixels wide
was applied to smooth each image to accom-
modate inter-subject differences in gyral and
functional anatomy and to suppress high fre-
quency noise in the images.

DETECTION OF SIGNIFICANT CHANGES IN RCBF
Differences in global activity between subjects
were removed by analysis of covariance on a
voxel by voxel basis with global counts as
covariate according to a method previously
described.'8 For each voxel in stereotactic
space, in each experimental group, the analy-
sis of covariance generated a condition-
specific adjusted mean rCBF value (nor-
malised to 50 ml/di/min) and an associated
adjusted error variance. Group means were
then compared using the t-statistic (SPM{t}).
The resulting set of t values constitutes a sta-
tistical parametric map.2' The omnibus signif-
icance of the statistical parametric maps
(SPM) was assessed for the whole data set by
comparing the observed and expected distrib-
ution of the t-statistic under the null hypothe-
sis of no treatment effect. The expected and
observed number of t values exceeding a
given threshold (p < 0-001) was compared
(using the Chi squared test of proportions)
and if significant the location of all voxels
with a t value equal to or greater than the
chosen threshold was noted. The resulting
SPMs of t values were displayed within the
standard stereotactic space, plane by plane,
and as projections on to renderings of the
medial and lateral cortical surfaces of the
brain.

STRATEGY FOR DATA ANALYSIS
The first step in the analysis was the identifi-
cation of pixels where there was a significant
difference in rCBF between patients with and
without poverty of speech. For this purpose
we identified two groups from the combined
patient sample: those with definite poverty of
speech (score for the SADS poverty of speech
item of 1, or score for the SANS poverty of
speech item of 2 or more), and those without
definite poverty of speech. Having identified
the locus of greatest difference in rCBF
between the two groups, analysis of variance
was used to examine the contributions of
poverty of speech and of diagnosis to variance
in rCBF at that site, and to test the null
hypothesis of no interaction between these
independent contributions. Furthermore, in
the light of the possibility that depressed
mood is associated with decreased rCBF in
the DLPFC (irrespective of diagnosis), analy-
sis of covariance was performed to allow for
variation in severity of depressed mood. For
this purpose the SADS item score for dyspho-
ria was used as a measure of depressed mood.
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Table 1 Coordinates of the pixels where the most significant differences in bloodflow were
identified. Co-ordinates refer to the stereotaxic atlas of Talairach and Tournoux. The CBF
values are in units of mlldl tissuelmin, and have been adjustedfor a global mean blood
flow of 50mlidlimin. The Z score is a measure of the degree ofsignificance of the difference
and is the number ofstandard deviations from the mean t value in the (t) statistical map
of the t valuefor the most significant pixel in the plane

Co-ordinates Regional CBF

Location x y z (A) (B) Z Score

(L) Dorsolateral Prefrontal Cortex -32 36 24 47-5 50-0 3-15*
- 34 30 28 48-0 50-6 3-26*
-34 30 32 45-4 47.9 3.13*

(A) Patients with poverty of speech.
(B) Patients without poverty of speech.

*p < 0-001.

Results
The mean (SD) age of the schizophrenic
(25 male; 5 female) and depressed patients (25
male; 15 female) were 36 (10) and 57 (13),
respectively. Twenty seven of the total sample of
patients (n = 70) were classified as having
poverty of speech. These comprised 15 patients
with a diagnosis of depression and 12 with a
diagnosis of schizophrenia. The mean (SD) ages
[48 (15) vs 48 (16)] and sex distribution of the
poverty (17 male; 10 female) and non-poverty
(33 male; 10 female) of speech patients were not
significantly different (12 = 1-54, ns).

POVERTY OF SPEECH VS NON POVERTY OF SPEECH
PATIENTS
Using SPM{t} a categorical comparison was
made of the rCBF profiles of poverty and non-
poverty of speech patients. There was a signifi-

cant difference in the observed and expected
distribution of t values at a high threshold (p
< 0-001). The SPM{t} identified two regions
where there was a significant relative decrease
in rCBF in the poverty of speech group.
The areas identified were centred on the
left DLPFC (BA 46/9) and the left angular
gyrus (BA 39) with the most significant
differences centred on the left DLPFC. The
SPM{t} is shown in the figure with the
coordinates and rCBF values of maximal
significance being displayed in table 1.
The adjusted rCBF values, at the pixel

coordinates of maximal difference in the
above SPM {t}, were subsequently sampled
for each individual subject. These values were
entered into a two way analysis of variance
(ANOVA), with diagnosis and poverty of
speech as grouping variables. This analysis
indicated a significant effect of poverty of
speech on left DLPFC rCBF values
(p < 0 005). A significant effect of diagnosis
was also apparent with depressed patients dis-
playing lower DLPFC rCBF values (p <
0 01). No interaction effects were evident.
However, as depressed mood has been shown
to be independently associated with left
DLPFC dysfunction its possible confounding
effects were subsequently controlled by
repeating the analysis with a rating of dyspho-
ria as covariate. The results of this analysis
(ANCOVA) are presented in table 2. After
controlling for the effects of mood the only

re Comparison ofpatients with (n = 27) and without (n = 43) poverty ofspeech using SPM {t}. Areas highlighted indicate regions where there
Ignificant decreases (p < 001) in rCBF in the poverty of speech relative to the non-poverty group. Regions where there are significant decreases
isplayed as orthogonal projections within standard stereotactic space (A) or rendered on to the medial and lateral cortical surface of the left
sphere (B).
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Table 2 Two wayANO VA, with dysphoria as covariate, ofrCBF values in the left
dorsolateral prefrontal cortex in depressed and schizophrenic patients with and without
poverty of speech

df F p

Diagnosis (schizophrenia v depression 1 0 34 ns
Symptom (poverty of speech present v absent) 1 9-1 0 005
Interaction (diagnosis by poverty of speech) 1 0-12 ns

significant effect was that of poverty of
speech. Furthermore, there was no interac-
tion effect between diagnosis and poverty of
speech. The absence of an interaction indi-
cates that the effects of poverty of speech on
rCBF values in the DLPFC is independent of
diagnosis. It also indicates that an effect of
poverty of speech is present in both diagnos-
tic groups.

Discussion
The present study provides evidence that,
after allowing for variance due to depressed
mood, left DLPFC functional deficits as
measured by rCBF, are predicted by a

symptom of decreased speech output but not
by a diagnosis of schizophrenia or depression.
The findings confirm our hypothesis that
DLPFC dysfunction in the major psychoses
is related to a behavioural deficit rather than a

specific diagnosis. The data provide strong
evidence that shared behavioural deficits in
nosologically distinct psychiatric disorders
may have common neurophysiological corre-
lates.

In our study a single symptom, namely
decreased speech output, was used to predict
a neurophysiological deficit. A decrease in
speech output in schizophrenia or depression
is usually a manifestation of a more pervasive
volitional disturbance that characterises psy-
chomotor impairment. It can be argued that
syndromes of psychomotor impairment, in
depression and schizophrenia, represent dis-
orders of willed or intentional behaviour.
Intentional behaviour in this context may be
defined as behaviour not extrinsically speci-
fied at the time of responding.

Previous studies have shown that
depressed and schizophrenic patients display
decreases in rCBF or regional metabolism in
the left DLPFC.622-25 In separate studies of
the depressed and schizophrenic patient
samples, that comprise the data for this
report, DLPFC dysfunction was significantly
related to either a syndrome of psychomotor
poverty or a syndrome of psychomotor retar-
dation, respectively.8 9

Neither of these two groups displayed so
called "hypofrontality", that is, a global
decrease in frontal lobe perfusion when com-

pared to controls. Both, however, displayed a

focal decrease in prefrontal perfusion in the
DLPFC. The present study extends these
findings by demonstrating that DLPFC rCBF
is predicted by a behavioural deficit rather
than diagnosis. The findings also indicate that
the inclusion of significant numbers of
patients with psychomotor impairment, in
studies of depression or schizophrenia,
increases the probability of finding a decrease

in DLPFC metabolism or perfusion. This
association of DLPFC hypoperfusion with
psychomotor impairment implies a three way
link between abnormal DLPFC function in
major psychiatric disorder, psychomotor
impairment and the normal functional
anatomy of the DLPFC. The evidence from
this study is consistent with the proposal that
the DLPFC plays an important part in the
intrinsic generation of behaviour.
The possibility that our findings could be

attributable to the confounding effects of
medication needs consideration. A proportion
of both patients' groupings (poverty and non-
poverty) were receiving either neuroleptics or
antidepressant medication. In the case of
antidepressants we have previously been
unable to demonstrate significant effects on
rCBF at thresholds of significance akin to
those used in the present study.6 A small, but
significant, effect on cerebral metabolism has
been reported in patients receiving neurolep-
tics.26 However, the fact that a similar propor-
tion of patients in the poverty and
non-poverty groups were receiving neurolep-
tics makes a differential effect of this medica-
tion an insufficient explanation for the
present findings.
A considerable number of animal and of

human studies highlight a role for the
DLPFC in intrinsic generation of behaviour.
Lesion studies indicate a role in response
selection in the absence of extrinsic informa-
tion.27 A range of volitional and behavioural
disturbances have been reported in human
subjects with DLPFC lesions. These include
a syndrome of decreased speech output,28 a
reduction in both the frequency and variety of
voluntary motility29 and more pervasive dis-
turbances characterised by apathy, hypokine-
sis, lack of initiative and spontaneity.30 These
clinical observations suggest that DLPFC
lesions preferentially effect repertoires of
behavioural expression that are independent
of external guidance (ie, non-cued behaviour).
The functional specialisation of discrete

brain systems can be established in studies of
normal subjects using PET activation para-
digms. The functional anatomy of intentional
behaviour has been investigated in two sepa-
rate studies, using a verbal fluency and a
*motor generation task, respectively. In both
investigations the critical neuropsychological
parameter was that of internal generation.
Across both tasks the common region of acti-
vation was centred on the left DLPFC."
These findings are of direct relevance to the
present study as they highlight activations,
during the performance of willed actions, in a
cortical area that is dysfunctional in patients
with poverty of speech. The findings could
indicate that the fundamental deficit in
patients with this symptom is that of internal
generation. Furthermore, the largely asym-
metric nature of the activations observed dur-
ing tasks based upon internal generation
agrees with the asymmetric findings in our
study.

In the present study a decrease in rCBF
was also seen in the poverty of speech group
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in the left angular gyrus. This cortical area is
described as multimodal and its functions in
humans include visuospatial orientation and
attention.32-34 Previous studies have impli-
cated this area in the psychomotor poverty
syndrome of schizophrenia, of which poverty
of speech is an important symptom.8 In a
PET activation study, consisting of a motor
generation task, activation of the DLPFC was
associated with a decrease in rCBF in the left
angular gyrus.31 This finding suggests that
this cortical area may be part of a large scale
neuronal network whose cooperative interac-
tions with the DLPFC may be necessary in
tasks involving internal generation.

Both schizophrenia and depression, as cur-
rently defined, encompass a wide range of
phenomenological and neuropsychological
deficits. In the absence of external biological
discriminators the validity of the clinical dis-
tinction between these disorders has been
questioned, particularly in the context of con-
tinuities in symptom profiles across both con-
ditions.'5 Therapeutic interventions have also
failed to validate the distinction, with clinical
response to pharmacological interventions
being more strongly predicted by symptoms
and not diagnosis.'6 The findings of our study
indicate an overlap in the neurobiological
deficits of both depression and schizophrenia
with a shared neurophysiological abnormality
accounting for a similar symptom of poverty
of speech.
Most biological studies of schizophrenia

and depression are predicted on an assump-
tion that both are distinct disease entities.
Alternative viewpoints have posited a func-
tional approach to psychopathology.'7 The
essence of this approach is that the basic units
of classification in psychopathology are nei-
ther diseases nor syndromes but psychologi-
cal dysfunctions. Within this framework the
major psychoses, schizophrenia and depres-
sion, can be viewed as conglomerates of psy-
chological dysfunctions that are nosologically
nonspecific. This approach has echoes in
more recent arguments for a symptom rather
than a disease approach to psychiatric
research.'8 In the present study a symptom,
but not a disease, was strongly predictive of a
neurobiological dysfunction. This finding can
be seen as supportive of a viewpoint that the
study of symptoms, or symptom constel-
lations, can provide information additional to
that of categorical diagnostic systems in
neurobiological studies of functional psychi-
atric disorders.

CJB and KF were both supported by the Wellcome Trust.
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