
Introduction

Schizophrenia is a serious mental condition affecting
0.5 to 1 % of population. As a group, patients with schizo-
phrenic disorder have increased mortality and morbidity.
They also have decreased social competency. Both characte-
ristics are associated with high socioeconomic costs. Schizo-
phrenia is characterized by a number of symptoms that are
usually divided into two groups: the positive symptoms in-
clude hallucinations, structural and content-related thought
disturbances, behavioral disturbances, and negative symp-
toms include blunt affect/emotionality, impoverished speech,
volitional disturbances, and anhedonia. The disorder is also
associated with deficit in a number of cognitive areas, par-
ticularly attention, memory, and executive functions. Cogni-
tive deficit is an essential part of schizophrenic disorder. It
may be thought of as a defect that is the hidden, i.e. prima-
ry “core” giving rise to the whole of subsequently deve-
loping psychopathology of schizophrenia. Symptoms of
cognitive impairment have been found to be significant pre-
dictors of the severity of the course of the schizophrenic
disorders and also the degree of the patient’s social impair-
ment.

The basis of cognitive dysfunction has not yet been ful-
ly clarified. Structural theories suppose the presence of
a deficit located predominantly in prefrontal and/or tempo-
ral and hippocampal areas. Recently, however, new eviden-
ce has emerged, suggesting that the damage, both structural

and functional, is more extensive and involves more areas
across the brain. Neurochemical theories associate schizo-
phrenia with disturbances in the systems of dopaminergic
and N-methyl-D-aspartate (NMDA) glutamatergic neuro-
transmission (19).

Cognitive dysfunction in patients with schizophrenia
can be investigated also by electrophysiological studies of
the cognitive evoked potentials. Event related potentials
(ERPs) are recorded analogously to an electroencephalo-
gram (EEG) as a response of the central nervous system
(CNS) to sensory stimuli.

The subject is exposed to a series of stimulation impul-
ses. The final ERP is an average of EEG recorded after se-
parate stimuli. The waveform of the resulting response
depends on stimulation parameters and the cognitive task
performed by the examined subject. It can be described as
an arrangement of several monophasic waves of various po-
larity. Individual waves are characterized by amplitude and
latency of their maxima or minima. Latency describes the
time lag of a wave related to the stimulus administration.
Recording from multiple electrodes make possible to study
the topography of these parameters on the scalp.

One of the most robust electrophysiological findings in
patients with schizophrenia established with ERPs is the
deficit in the generation of the P300 wave. This deficit has
been first described more than 25 years ago (36), and has
subsequently been confirmed by a number of studies. In an
effort to locate areas that participate in the generation of
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the P300 wave, intracerebral electrodes were used with
surprising result. The stimulation activated areas of the brain
that are not essential to processing the stimulus. The gene-
ration of the P300 wave can involve up to 9 various cerebral
areas (13). This finding points out the problem associated
with the interpretation of the source of deviations in ERPs
(14).

Over the last ten years, the attention of investigators in
patients with schizophrenia has shifted to cognitive com-
ponents of evoked potentials that precede the P300 wave
and reflect earlier stages of information processing (17).
The objective has been found disturbances in information
processing that are involved in cognitive dysfunctions of pa-
tients with schizophrenia. Detection and interpretation of
the disturbance results in better understanding of the pa-
thophysiology of schizophrenia. It may help to better assess
the dysfunction in individual patients, and eventually bring
new therapeutic approaches. One of the components of
evoked potentials that brought significant insights is “mis-
match negativity“ (MMN).

What is „mismatch negativity“ (MMN)?

„Mismatch negativity“ is defined as the negative ERP
component that reflects processes associated with automa-
tic detection of change. MMN was first described by
Näätänen and co-workers for acoustic stimuli in 1978 (30).
MMN reflects neuronal disagreement between the repre-
sentations of current (deviant) stimulus and previous (stan-
dard) stimuli (29). MMN follows, with a latency of 200 to
400 ms after stimulus presentation. It comes after the sen-
sory component, and precedes the possible cognitive com-
ponent of evoked potentials (see Fig. 1). MMN represents
a higher-level of information processing compared to the
primary sensory detection at the cortical level (20).

A deviant stimulus for MMN in the auditory modality
can differ from the standard stimulus in terms of duration,
frequency, intensity, spatial location, phoneme variation,
etc. (28).

In order to elicit the MMN, a memory trace with the
characteristics of standard stimulus must be present. It is
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Fig. 1: Diagram shows how stimulation produces “mismatch negativity“. Note that it is possible to present deviant stimu-
lus in the form of a missing standard stimulus. The lower section of the figure shows a response obtained through averaging
40 individual responses to standard stimuli (thin line) and similarly produced ERP as a response to the deviant stimulus
(full line). The so-called “mismatch negativity“ is represented by a gray area between the lines.



necessary to present repeated standard stimuli (23). Presen-
tation of a single stimulus is not sufficient to generate MMN.

MMN latency is the function of time necessary to dif-
ferentiate a deviant from the standard stimulus. Increasing
the interstimulus interval can result in extending the MMN
latency. The memory trace of standard stimulus is probab-
ly less accurate with longer intervals, and this makes the de-
tection of a deviant stimulus more difficult (39).

The extension of the interval between stimuli is asso-
ciated with decreasing MMN amplitude, probably because
of a weaker memory trace (8). MMN is not elicited by a sti-
mulus change when the memory trace has already disappe-
ared. MMN amplitude is generally known to increase in
proportion to the difference between standard and deviant
stimuli (35). It also increases with the number of standard
stimulus repetitions (38).

Acoustic MMN is supposed to be generated in the neu-
rons of the temporal cortex which respond specifically to
stimulus change. Neurons of the frontal cortex probably also
participate during the generation (35). Major generators of
MMN were identified in the supratemporal auditory cortex
area by the distribution of MMN over the scalp, magneto-
encephalography studies, intracranial sensing of electrical
activity and cerebral lesions. The precise location of these
generators probably depends on stimulus characteristics.
The role of the frontal cortex in the generation of MMN is
supported by the finding of missing MMN in patients with
dorsolateral prefrontal cortex area defects (1).

Most studies of MMN done so far have been concerned
with auditory stimuli. There is some evidence of the exis-
tence of MMN in other sensory modalities. In spite of the
inconsistency of these findings, there seems to exist an
analogy to auditory MMN in somatosensory (22), visual
(25,33,43) and olfactory modalities (24). However, the as-
sumption of the existence of a common processing mecha-
nism for various information raises questions as to why it is
so difficult to detect MMN in those other modalities (35)?
One possible answer can be in the different role for atten-
tion in various sensory inputs. Another possible explana-
tion is different complexity of sensory analysis (particularly
in the visual modality) required for the MMN eliciting. The
objective, non-invasive nature of the recording techniques
used for MMN and its low cost seem to hold promise for its
potential use in clinical research (28, 27).

MMN and Psychophysiology

The psychophysiological processes underlying to MMN
have not been clarified as of yet. Näätänen and Winkler
propose the existence of two distinct phases of auditory in-
formation processing. The first phase is concerned with the
analysis of particular sound properties. They are combined
into auditory perceptions or representations in the second
phase. Both authors assume the auditory N1 to reflect the
first phase, while the MMN corresponds to the second phase
(29).

The original work on MMN assumed that MMN occurs
automatically, regardless of whether the subject pays atten-
tion to presented deviant stimuli or not (30). It was possible
to elicit MMN even when auditory stimuli were masked
with visual stimuli (1). MMN recorded in comatose pa-
tients also supports its independence of attention (9). How-
ever, other studies suggest the possibility that attention can
influence MMN. Differences in terms of amplitude among
individual groups of patients can also be interpreted as
different strategies in attending to sensory stimulation.
Patients with schizophrenia also have difficulties with sus-
tained attention.

Relationship of MMN to working memory

The neuropsychological concept of working memory
describes the ability of the brain to code, retain and mani-
pulate information over brief periods of time (3). It consists
of two main components: central executive component of
prefrontal cortex and modality-specific transitory auxiliary
systems (41), that serve a transitory information storage.
These systems include phonological system (phonological
loop) in auditory modality and visuo-spatial system (visual-
spatial sketchbook) in visual modality (3). The transient
auxiliary system directly performs operations, while the
central executive functions are responsible for selection,
steering and control the auxiliary systems (12).

A number of researchers regard MMN as the indicator
of a well functioning auditory sensory memory (40). Audi-
tory sensory memory, the most elementary component of
working memory, works independently of attention. MMN
is known to occur when a deviant stimulus differs from the
standard stimulus. Because presentation of a single stimu-
lus is not sufficient to produce MMN, it seems obvious that
processing after the deviant stimulus occurs concurrently
with the comparison of a current stimulus with the memo-
ry trace of a standard stimulus. This leads to the conclusion
that MMN can be used as an objective indicator of sensory
memory. This was indirectly confirmed in a study with
healthy volunteers in which auditory memory trace and
MMN lasted similar periods of time and had similar sensi-
tivity to masking with different stimuli (48).

Because a working memory deficit is present in patients
with schizophrenia, MMN can be used for its measure-
ment.

Does MMN reflect a dysfunction 
of the glutamatergic receptor system?

Activation of NMDA receptors plays a key role in learn-
ing and initiating long-term memory formation. NMDA re-
ceptors are also important in working memory (19). The
density of NMDA in the neocortex and hippocampus is si-
milar. Javitt employed intracortical sensing of electrical ac-
tivity in the anterior insula concurrently with focal infusion
of NMDA- and non-NMDA-antagonists into the micro-re-

25



gion of a sensing electrode. His study has shown that local-
ly administered NMDA antagonists prevent the occurence
of MMN, while it has no effect on any other components of
auditory evoked potential (19,46).

MMN in Schizophrenia

Insufficient formation of MMN in patients with schi-
zophrenia was first described in the early nineties (41).
More than sixty studies have been published on the rela-
tionship between MMN and schizophrenia since then. For
a meta-analysis see Umbricht nad Krljes (44). Most of these
studies found that both untreated and treated patients with
schizophrenic disorder had lower MMN amplitudes than
healthy controls. Only a small number of these studies
found no MMN generation deficit (31). These findings are
based on the assumption of a neurophysiological distur-
bance at the level of the auditory sensory cortex in schi-
zophrenia, corresponding damaged auditory memory and
anatomical abnormalities in the superior temporal gyrus
(15,18). Disturbed auditory sensory memory of patients with
schizophrenia is revealed in a decreased accuracy of retrieval
of the corresponding memory trace. Similar findings have
been described for the visual sensory memory system (10).

One influential hypothesis of the pathogenesis of schi-
zophrenia regards the disturbance of NMDA receptors in
the glutamatergic system as the key neurochemical dys-
function. This hypothesis is supported by observations of
the effects produced by phencyclidine, ketamine and other
NMDA glutamatergic receptor antagonists in healthy vo-
lunteers. These substances induce symptoms that resemble
symptoms of patients with schizophrenia (19). Admini-
stration of these substances can also reduce MMN, or even
lead to its extinction. The change in MMN generation in
patients with schizophrenia can be linked to disturbances
in glutamatergic neurotransmission in NMDA receptors in
the area of the auditory sensory cortex (16). To confirm the
role of the NMDA receptors in working memory Umbricht
conducted a study with healthy volunteers who received ke-
tamine. The deficit in the working memory of patients with
schizophrenia was similar to the deficit in healthy controls
after ketamine administration (46). The process of acquiring
and coding information was more affected than that of re-
taining information.

Another supportive finding is the impairment of MMN
generation induced with acetylcholinesterase inhibitor tetra-
hydrominoacridine in patients with Alzheimer’s disease (2).
Lower MMN following the use of cholinomimetic was ex-
plained by an increased cholinergic modulation of NMDA
receptors in the auditory cortex.

The relationship between deteriorated cognitive function
and MMN was studied by Baldeweg. He found a negative
correlation between MMN and the degree of neuropsycho-
logical impairment (4). However, there are other findings
that do not support the association of MMN, working
memory, and NMDA receptor dysfunction. A double

blind placebo-controlled study with healthy volunteers
failed to confirm expected changes in MMN after the ad-
ministration of ketamine (32).

Baldeweg reports a greater MMN deficit in the area of
the front central electrode. This is consistent with the pre-
ferential damage to frontal MMN generators. According to
the author, this finding is specific for schizophrenia (4, 5).
Other similar findings suggest that patients with schizo-
phrenia differ in their MMN topography from those with
other neuropsychiatric disorders.

The generation of MMN is indirectly proportional to
the prevalence of negative symptoms of schizophrenia.
However, it is independent of a patient’s current schizo-
phrenia psychopathology (16).

Umbricht’s study found no difference in MMN among
patients with one episode compared to those with repeated
episodes (45). A study in first episode patients did not find
MMN deficit (37). On the other hand, another study de-
tected an increase in the MMN deficit with disease pro-
gression (42). Inconsistent findings come also from healthy
first-degree relatives. A study done by Jessen found lower
amplitude in relatives of patients with schizophrenia (21).
This was not confirmed in another recent study (6).
Brockhaus-Dumke found suprisingly higher MMN ampli-
tude in a subgroup of untreated first episode patients (7).
These findings support the assumption that MMN ampli-
tude changes during the course of schizophrenia.

This latter study also examined a group of patients with
prodromal symptoms. The results were variable and hete-
rogeneous (7).

Other authors regard the MMN generation deficit as
a vulnerability marker of schizophrenic disorder (“trait
marker“). Difference in MMN between schizophrenia and
other neuropsychiatric disorders supports this interpreta-
tion. Umbricht assumes that MMN can be an endophe-
notype (an important hidden hereditary characteristic) of
a subgroup of patients with schizophrenia with abnormal
glutamatergic neurotransmission due to NMDA receptor
dysfunction (45). Contrary to that, Bramon regards the
MMN deficit as a nonspecific vulnerability marker that
cannot serve as an endophenotype of schizophrenia (6).

Treatment with antipsychotics affects P300. MMN has
not changed after treatment with clozapine (47). MMN de-
ficit is also not influenced by treatment with conventional
or atypical antipsychotics (34). No difference was found in
the amplitude of those treated in comparison to untreated
patients with schizophrenia. The dose of antipsychotic or
anticholinergic medication has not been found to correlate
with the amplitude (20). Also, no change was found when
patients were switched from classical to new antipsychotics
(47).

A recent study carried out according to stringent me-
thodology found an association of the deficit in MMN ge-
neration with worse social functioning. This deficit can be
probably used as a predictor of functional deterioration in
patients with schizophrenia (26).
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Conclusion

MMN is a significant electrophysiological measure of
cognitive deficit. It reflects deficits in information pro-
cessing at primary and secondary sensory cortex levels
(45). Investigation of MMN is non-invasive, inexpensive,
and can be done quickly. Its reproducibility is comparable
with that of other, broadly used neuropsychological tests
(26, 27). Compared to other investigations, it probably de-
pends less on variable attention level, motivation and effort
of the patient (20). The issue of attention, however, deser-
ves clarification.

MNN is commonly regarded to be an index of the sen-
sory memory. An alternative view takes into account the
role of the frontal generator and suggests that it can also be
related to the executive component of working memory.
Further inquiry into MMN can contribute to the identifi-
cation of a subgroup of patients who exhibit dysfunction of
NMDA glutamatergic neurotransmission and also have
worse cognitive and social functioning.

Whether MMN generation reflects the information pro-
cessing and implicit memory or is rather a disturbance of
working memory or executive functions is unresolved. Pa-
tients with schizophrenia have also been described as having
deficit in the generation of the early negative peak of
evoked potential preceding MMN – so-called N1 (11). This
finding supports the hypothesis that schizophrenia is cha-
racterized by a disturbance in information processing at
very early stages. Evidence of disturbed information pro-
cessing can be found at all levels – the primary cortex, sen-
sory memory, and executive component of the working
memory. It is quite possible that a deficit in MMN genera-
tion reflects a disturbance of the functional interconnec-
tions between various brain areas.

The study of the deficit in the genesis of MMN in pa-
tients with schizophrenia is a new approach to pathophy-
siological mechanisms in this disorder. The question of
whether this deficit is common to various sensory modali-
ties or specific for a particular sensory system is open to
inquiry. It may have considerable importance for under-
standing the nature of schizophrenia.

The work on this article was supported by the Czech
Ministry of Education Research Objective Grant MSM
0021620816.
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