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T
he study reported by Spencer et
al. (1) in a recent issue of
PNAS is part of a growing body
of evidence (see review in ref.

2) for abnormalities in � band (�30- to
70-Hz) oscillations and synchronization
in the electroencephalograms (EEG) of
patients with schizophrenia. The authors
assessed � band activity while subjects
with schizophrenia and healthy compari-
son subjects perceived and responded to
visual Gestalt stimuli (i.e., the presence
or absence of an illusory square). The
results showed that the perception of
the Gestalt stimuli was associated with
synchronized � band oscillations at oc-
cipital scalp electrodes that (i) occurred
in a lower frequency range in individuals
with schizophrenia than in comparison
subjects, (ii) correlated with reaction
time, and (iii) correlated with clinical
symptoms within the patient group.
Because � band synchronization is com-
monly believed to represent a funda-
mental neural mechanism by which the
brain transiently integrates, or ‘‘binds,’’
different visual features into a unified
meaningful perceptual function (3, 4),
the authors concluded that impaired
brain integration is a core pathophysio-
logical feature of schizophrenia. These
results confirm and extend results of
previous studies of this research group
(5, 6) and add to the evidence from
postmortem neuropathological (7) and
neuroimaging (8, 9) studies indicating
that schizophrenia is characterized by
impaired anatomical and functional
connectivity of neural circuits.

Research of � Band Activity in
Schizophrenia: Conceptual and
Interpretative Issues
This study (1) and previous investiga-
tions of brain oscillations and synchrony
in schizophrenia (2, 5, 6) illustrate well
how cognitive electrophysiological meth-
ods, in conjunction with recent develop-
ments in cognitive neuroscience, can be
usefully applied to gain a better under-
standing of the brain mechanisms that
underlie sensory, perceptual, and cogni-
tive deficits in schizophrenia. In contrast
to the more traditional analysis of com-
ponents of the event-related potential,
such as N1 and P300, which reflects
only brain activity that is time-locked to
a specific sensory, cognitive, or motor
event, this research involves the analysis

of neuroelectric and�or neuromagnetic
data in both temporal and frequency
domains. The possibility has been raised
recently that impaired neuronal syn-
chrony may provide a parsimonious
explanation for the variety of neurocog-
nitive deficits observed in schizophrenia,
which include deficits in sensory gating,
selective attention, working memory,
vigilance, problem solving, and verbal
f luency (10). Moreover, because neuro-
nal synchrony can be observed in both
humans and animals and can be studied
at various levels of spatial analysis, from
microscopic (e.g., single-unit recordings)
to macroscopic (e.g., EEG) measure-
ments (3, 4, 11), this methodology offers

the possibility of linking the results of
clinical studies to findings from basic
neuroscience. For instance, the ability to
induce and maintain network oscillations
within the � range is thought to rely on
GABAergic interneuronal circuits (12),
a concept that is consistent with cellular
models of schizophrenia that implicate
dysfunction of corticolimbic GABAergic
interneurons (13).

Although accumulating evidence sug-
gests that � band oscillations and syn-
chronization are disrupted in patients
with schizophrenia, a number of impor-
tant conceptual and interpretative issues
remain to be clarified. Initially, the pre-
cise functional significance of � band
abnormalities in schizophrenia is un-
clear, because � band synchronization is
associated with multiple rather than a
single unitary information-processing
function (14). Incidentally, the theoreti-
cal and operational definition of the pri-
mary function of � band synchronization
(binding) typically bears a strong resem-
blance to the concept of selective atten-
tion, which often has been used to explain
schizophrenia symptomatology. In fact,
several researchers postulate that the

primary function of attention is con-
cerned with solving the binding problem
(15, 16). Similar to attention processes,
� band synchronization also has been
demonstrated to enhance the effect of
the affected neurons on postsynaptic
targets (17), a mechanism that may
mediate amplification of signals that
represent behaviorally significant stim-
uli. Thus, it is not fully clear whether
binding and attention are distinct, the
same, or partially overlapping concepts.
Additionally, it is uncertain whether ab-
normalities of � band activity in schizo-
phrenia depend on the clinical state of
subjects or are more enduring trait char-
acteristics of the illness. The possibility
that reduced � band synchronization
reflects a trait or preexisting vulnerabil-
ity to schizophrenia is suggested by a
recent study (18) showing that � band
synchronization is reduced in first-
degree relatives with schizophrenia
spectrum personality symptoms.

The anatomical substrates of impaired
� band synchronization in schizophrenia
remain to be determined, because the
underlying intracerebral generating
sources cannot be directly inferred from
scalp-recorded EEG data alone. It is
also unknown whether the � band re-
sponse observed in scalp EEG data re-
flects within-area or local synchrony or,
perhaps more likely, synchrony among
different brain areas (19). For instance,
� band activity at scalp occipital record-
ing sites can be modulated by top-down
influences from higher-order (e.g., pre-
frontal) cortical regions (20). Further-
more, the relationship between � band
activity and schizophrenia is not invari-
ant but can be modified by stimulus and
task-specific factors [e.g., sensory modal-
ity and familiarity (21)] as well as
subject sample characteristics (illness
duration, symptom severity, and smok-
ing) (20, 22). The heterogeneity of re-
sults emerging across studies is likely
partly due to a failure to account for the
effects of such moderating variables.
Furthermore, most studies of schizo-
phrenia have focused on high-frequency,
� band activity and have neglected to
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Evidence suggests
that � band oscillations

and synchronization
are disrupted in patients

with schizophrenia.

www.pnas.org�cgi�doi�10.1073�pnas.0407688101 PNAS � December 21, 2004 � vol. 101 � no. 51 � 17567–17568

C
O

M
M

E
N

T
A

R
Y



assess synchronous activities in lower-
frequency bands (e.g., �, �, �), which
also seem to have relevance for brain
function and cognition (23) and for
their disruption in schizophrenia (24).
Finally, impaired neuronal oscillations
and synchronization may not be specific
to schizophrenia but also have been im-
plicated in other psychiatric disorders,
such as autism (25) and attention-deficit
hyperactivity disorder (26). Accordingly,
as with other neurophysiological abnor-
malities found in schizophrenia, such as
impaired generation of the auditory
P300, abnormalities of � band synchro-

nization probably represent a pathophys-
iological marker rather than a diagnostic
marker for schizophrenia (27).

Conclusion
Spencer et al. (1) provide additional
evidence indicating that schizophrenia
is characterized by impaired brain os-
cillations and synchronization. We be-
lieve that the currently available data
are of sufficient interest to warrant fur-
ther research in this area. In conjunc-
tion with more conventional analyses
of neuroelectric or neuromagnetic data
in the time domain, the application of

time-frequency analysis to assess oscil-
latory brain activity is likely to provide
new insights into the primary cognitive
and pathophysiological features of
schizophrenia. Furthermore, if disrup-
tion of neuronal fast oscillations in-
deed ref lects a basic pathophysiological
mechanism in schizophrenia, a deeper
insight into the mechanisms of genera-
tion of these brain oscillations, to-
gether with a greater understanding of
their functional role in information
processing, will potentially provide an
ideal background upon which to design
and test new pharmacological thera-
peutic interventions (12).
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