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Abstract
Objective—Auditory mismatch negativity (MMN) and P3a index preattentive detection of rare
stimuli. Their amplitudes normally decrease with age. Previous studies have reported generally
smaller than normal MMN and P3a in schizophrenia patients. We aimed to further characterize the
course of these deficits over schizophrenia patients’ lifespan.

Methods—In 253 schizophrenia patients and 147 normal comparison participants (NCPs)
encompassing a wide age range (18–65), event-related potentials were recorded while participants
watched a silent video and were presented binaurally with 1-kHz tones 500 ms apart, including
standards (P=.90, 50-ms duration) and deviants (P=0.10, 100-ms).

Results—Over the entire age range, MMN and P3a were smaller in schizophrenia patients than
NCPs. MMN amplitude declined with age in both groups, though slightly less steeply in
schizophrenia patients than NCPs. P3a amplitude declined with age in NCPs but not in schizophrenia
patients.

Conclusions—In our cohort of schizophrenia patients, MMN and P3a deficits were already present
at the youngest ages. MMN declined further with age, whereas P3a amplitude remained stable.

Significance—This knowledge about how MMN and P3a amplitudes vary with age in
schizophrenia patients compared to NCPs can help improve the utility of these indices as clinical
endophenotypes or biomarkers.
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Introduction
Patients with schizophrenia exhibit neurocognitive deficits across multiple domains, from the
earliest levels of sensory information processing, through progressively higher-order faculties
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such as attention, memory, language, and social functioning. Scalp-recorded
electroencephalographic event-related brain potentials (ERPs) allow investigators to probe
these cognitive operations with millisecond precision. For example, the auditory mismatch
negativity (MMN) ERP waveform indexes an automatic, preattentive form of sensory
information processing. MMN is a negative deflection in the ERP occurring when a sequence
of frequent, repetitive “standard” stimuli is interrupted by infrequent or “deviant” stimuli,
which differ from standards in some characteristic such as duration or frequency. MMN begins
as early as 50 ms after the onset of deviant stimuli, and peaks after an additional 100–150 ms.
MMN requires no overt behavioral response, and can be elicited even in the absence of directed
attention (Naatanen, 1992, Rinne et al., 2001, Sussman et al., 2003). As such, it can be obtained
even in fetuses (Draganova et al., 2005), sleeping infants and adults (Alho et al., 1990,
Huotilainen et al., 2003, Nashida et al., 2000), and comatose individuals (Kane et al., 1996,
Morlet et al., 2000). Thus, it is presumed to reflect an automatic comparison process between
the deviant stimulus and a sensory-memory trace (Naatanen et al., 1989).

At frontocentral electrodes, the MMN wave is often followed by a positive-going ERP
deflection peaking at 250–300 msec after stimulus onset (Alho et al., 1997, Paavilainen et al.,
1989). This “P3a” component is thought to reflect an automatic re-orienting or shifting of
attention (Friedman et al., 2001a). The P3a was originally described in response to occasional
novel “distractor” stimuli occurring when the individual is actively trying to detect infrequent
“target” stimuli (e.g., of a different pitch) embedded in a stream of frequent standard stimuli
(Courchesne et al., 1975, Squires et al., 1975). In this situation, the target stimuli elicit a
“P3b” (or P300) waveform, thought to reflect comparison with previous stimuli in working
memory, and distinguishable from the P3a by longer latency and more posterior topography
(see Polich, 2007, for review); both P3b and P3a amplitudes have been found in many studies
to be smaller than normal in schizophrenia (Ford, 1999). The corresponding cognitive
processes associated with the P3a waveform are not as well understood, however, in the context
of a passive MMN paradigm where attention is directed away to some other task such as
watching a silent video.

Since MMN occurs even in the absence of conscious attention, investigators can use it to
examine the earliest stages of information processing in schizophrenia patients, without
interference from attentional difficulties that can confound assessment of higher cognitive
operations in this clinical population (Braff and Light, 2004). Indeed, MMN amplitude has
consistently been found to be smaller than normal in schizophrenia patients (Michie, 2001,
Turetsky et al., 2007, Umbricht and Krljes, 2005). Reduced MMN in schizophrenia fulfills
many criteria of an endophenotypic marker (Gottesman and Gould, 2003) of the disease
(Molholm et al., 2005). Namely, it is: (a) associated with schizophrenia, with robust effect sizes
(Light and Braff, 2005a); (b) specific relative to other psychiatric disorders (Umbricht et al.,
2003); (c) heritable (Hall et al., 2006, Price et al., 2005); (d) independent of clinical state and
symptoms (Shinozaki et al., 2002); and (e) present in individuals at genetic risk for developing
schizophrenia (Baker et al., 2005, Jessen et al., 2001, Michie et al., 2002, Schreiber et al.,
1992). Furthermore, MMN amplitude may potentially be a useful biomarker (Green et al.,
2004) of treatment response in clinical trials in schizophrenia (Javitt et al., 2008, Salisbury et
al., 2007, Umbricht et al., 2003); because it is: (a) extremely reliable in both normal individuals
and schizophrenia patients tested over a 1-year interval (Light and Braff, 2005a); (b) insensitive
to order or practice effects (Kathmann et al., 1999, Pekkonen et al., 1995); (c) robustly related
to level of everyday functioning in schizophrenia patients (Light and Braff, 2005a, b); (d)
responsive to pharmacologic models of schizophrenia (e.g., ketamine challenge in healthy
volunteers (Umbricht et al., 2002, Umbricht et al., 2000); nicotine- (Baldeweg et al., 2006) and
glutathione-induced improvement (Lavoie et al., 2008) in schizophrenia patients); and (e)
easily assessed in patients with a broad range of function, due to tolerability and low task
demands of the testing procedure.
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Compared to the MMN, the P3a has not been studied as extensively in schizophrenia patients.
A few studies, however, have found its amplitude to be subnormal in schizophrenia patients,
both in response to occasional novel distractors during a target-detection task (Grillon et al.,
1990, Turetsky et al., 1998), and following the MMN in the context of a passive auditory
paradigm (Mathalon et al., 2000). Thus, it may potentially also be useful as a biomarker in
clinical research studies in schizophrenia (Javitt et al., 2008).

The clinical utility of many potential neurophysiological endophenotypes or biomarkers,
including MMN and P3a, would be increased with characterization of their normative
psychometric properties (see Cho et al., 2005, for discussion), as is the case with traditional
neuropsychological tests. For example, knowledge of how a biomarker or endophenotype
typically varies with age both in normal individuals and in schizophrenia patients is essential
to characterizing its degree of abnormality in a particular clinical study.

Numerous cross-sectional studies of age effects on MMN in healthy individuals (Cooper et al.,
2006, Czigler et al., 1992, Kisley et al., 2005, Pekkonen et al., 1996, Woods, 1992) indicate
an age-related diminution of MMN, although there is evidence that the degree of this decline
depends on stimulus parameters (Pekkonen, 2000, Todd et al., 2008). In contrast, the natural
history of MMN amplitude across schizophrenia patients’ lifespan and stage of illness is not
well understood. Is MMN amplitude in schizophrenia patients already reduced at the onset of
symptomatic illness; and how does its subsequent rate of decline compare to that observed in
normal individuals?

Javitt et al. (2000) found that chronic schizophrenia patients had significantly smaller MMN
to duration and frequency deviants than did age-matched healthy controls, whereas recent-
onset patients exhibited only a trend toward smaller MMN than the same control group.
However, the recent-onset group was younger than the controls; had they been compared with
age-matched controls (who likely would have larger MMN amplitudes than the study controls),
a significant difference might have been found. Umbricht et al. (2006) found that both recent-
onset and chronic schizophrenia patients, but not first-episode patients, had smaller duration
and frequency MMN than did controls. In this study, recent-onset patients and controls were
matched for age, but first-episode patients were younger, and chronic patients were older.
Again, this age difference would likely underestimate MMN reduction in the first-episode
group. Nevertheless, in a study in which all groups were age-matched, only chronic
schizophrenia patients, but not first-episode patients, had smaller MMN to frequency deviants
than did controls (Salisbury et al., 2002). In another study (Brockhaus-Dumke et al., 2005),
unmedicated schizophrenia patients, but not prodromal patients, had smaller duration MMN
than age-matched controls (although frequency MMN did not differ among the groups). A
limitation of these studies was their cross-sectional nature; in contrast, Salisbury et al.
(2007) longitudinally examined frequency MMN in schizophrenia patients, at first
hospitalization and one and a half years later. Compared to age-matched controls, patients had
normal MMN amplitudes at the first assessment, but significant reductions at the second
assessment. Moreover, MMN amplitude decreases in patients correlated with reductions in left
Heschl’s gyrus gray matter volume. These results provided more direct evidence that frequency
MMN deficits increase with disease progression.

Overall, the results of these studies suggest that MMN amplitudes are either normal or
minimally reduced in patients early in their illness, but become more abnormal as the disease
progresses (Umbricht et al., 2000) – implying that, at least at some point, MMN decreases more
rapidly with age in schizophrenia patients than in healthy individuals. (The results of studies
which did not detect MMN abnormalities in patients in the earliest stages of schizophrenia
(Salisbury et al., 2007, Salisbury et al., 2002) seemingly contradict evidence that healthy
individuals at genetic risk for schizophrenia have smaller than average MMN (Baker et al.,
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2005, Jessen et al., 2001, Michie et al., 2002, Schreiber et al., 1992). However, such individuals
have not been directly compared with first-episode schizophrenia patients; thus, the apparent
discrepancy could stem from differences in the experimental paradigms employed.)

Characterization of the natural history of MMN deficits in schizophrenia may be complicated
by variation in age-related MMN decline in healthy individuals and schizophrenia patients
according to the acoustic parameter (e.g., duration, frequency, intensity) differentiating
standard and deviant stimuli. Todd et al. (2008) found that early-stage schizophrenia patients
(<5 years post-onset) had smaller duration and intensity MMN than did age-matched controls,
but the two groups did not differ significantly in frequency MMN amplitudes. In contrast, in
later-stage patients (>5 years post-onset), duration and frequency MMN were smaller than in
controls, but intensity MMN did not differ between the groups. These results reflected the fact
that duration MMN declined at a similar rate with age in both groups, whereas frequency MMN
declined more quickly in patients than in controls, and intensity MMN declined more quickly
in controls than in patients. The results also suggested that duration and intensity MMN may
be more sensitive than frequency MMN for distinguishing schizophrenia patients from controls
early in the course of illness.

Compared to age effects on MMN, the effect of age on P3a amplitude has not been as widely
studied, in either normal individuals or patients with schizophrenia. In normal individuals, a
few studies have found age-related reductions in P3a amplitude, both following distractors in
actively-attended target-detection paradigms (Gaal et al., 2007, Knight, 1987), and following
unattended deviants in an MMN paradigm (Czigler et al., 1992). Meanwhile, the course of P3a
amplitude deficits over the lifespan of persons with schizophrenia is unclear.

The present study aimed to contribute to the characterization of age effects on MMN and P3a
in schizophrenia by: comparing age effects on duration MMN and its accompanying P3a in
schizophrenia patients and normal comparison participants (NCPs), in a cross-sectional sample
that covered a wide age range and was substantially larger than those of previous studies.

Methods
Participants

253 schizophrenia patients and 147 NCPs were tested. All participants were assessed for
capacity to provide informed consent and, after receiving a detailed description of study
procedures, gave written informed consent per University of California, San Diego (UCSD)
IRB-approved forms (#030510, 040564, and 071831). All participants received a urine
toxicology screen to rule out recent drug use. Participants were assessed diagnostically using
the Structured Clinical Interview for DSM-IV (First et al., 1995). Patients did not have an Axis
I diagnosis other than schizophrenia, and NCPs did not have any Axis I diagnosis; participants
in both groups had not experienced a neurologic insult such as significant head trauma and/or
loss of consciousness. Audiometric testing was used to ensure that all participants could detect
40-dB tones at 1000 Hz.

NCPs were recruited through newspaper advertisements, postings on the Internet, and fliers
posted at UCSD Medical Center. Schizophrenia patients were recruited from community
residential facilities and via physician referral. Table 1 shows demographic characteristics of
the sample and clinical characteristics of the patient group.

Stimuli
Participants were presented with binaural tones (1-kHz 85-dB, with 1-millisecond increase/
decrease) with stimulus onset-to-onset asynchrony of 500 milliseconds. Standard (P=.90, 50-
ms duration) and deviant (P=.10, 100-ms duration) tones were presented in pseudorandom
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order through foam insert earphones (Model 3A, Aearo Auditory Systems). During the
approximately 20-minute session, participants watched a silent, benign, cartoon video to divert
attention from the tones.

Electroencephalographic (EEG) Recording
EEG recordings were acquired with a NuAmps system (Neuroscan Labs). The EEG was
recorded from the scalp, through sintered Ag/AgCl electrodes embedded in an electrode cap
(EasyCap, Falk Minow Services) at the following 34 positions: Fp1-Fp2-Fz-F3-F4-F7-F8-
FC1-FC2-FC5-FC6-Cz-C3-C4-CP1-CP2-CP5-CP6-Pz-P3-P4-P7-P8-O1-O2-PO9-PO10-Iz-
T1-T2-T7-T8-TP9-TP10. Electrodes placed at the nose tip and at Fpz served as reference and
ground, respectively. Four additional electrodes placed above and below the left eye and at the
outer canthi of both eyes were used for monitoring blinks and eye movements. All impedances
were below 4 kΩ. Signals were digitized at 1 kHz with system acquisition filter settings at 0.5–
100 Hz.

The EEG and stimulus markers were recorded continuously. During testing, online ERP
averages to standard and deviant tones were monitored to ensure signal quality and to track
the number of trials free of gross artifact (±100 μV from −100 to 500 msec relative to stimulus
onset). EEG acquisition was terminated when a minimum of 225 artifact-free deviant trials
were collected. No participant required presentation of more than 300 deviant tones in order
to achieve 225 artifact-free trials. Data processing was performed offline and blind to group
membership using automated procedures. First, the continuous EEG recordings were
mathematically corrected for eye movement artifact using established methods (Semlitsch et
al., 1986). Continuous data were epoched relative to the onset of stimuli (−100–500 msec),
with mean voltage of the prestimulus interval used as baseline. Following blink correction,
epochs containing > ±50 μV in frontal recording sites (F7/F8/Fp1/Fp2/F3/F4/Fz) were rejected.
ERP waveforms were generated by averaging responses to standard and deviant tones,
respectively. MMN/P3a waveforms were generated by subtracting ERPs elicited by standard
tones from ERPs elicited by deviant tones (Figure 1). The resultant difference waves were low-
pass filtered at 20 Hz (zero-phase shift, 24 dB/octave rolloff) to remove any residual high-
frequency artifact. MMN and P3a amplitudes were measured as the mean voltage from 135 to
205 msec, and 250 to 300 msec, respectively, consistent with established methods (Kiang et
al., 2007, Light and Braff, 2005a, b, Light et al., 2007, Michie et al., 2002).

Statistical Analyses
To determine whether ERP amplitudes differed between the two groups in specific age ranges,
separate analyses of variance (ANOVA) were conducted on MMN and P3a amplitudes, with
Group (schizophrenia vs. NCP) and Age (≤30 years vs. 31–40 vs. 41–50 vs. >50) as between-
subjects factors, and Electrode site (Fz vs. Cz vs. Pz) as within-subject factor. Within each of
the four age categories, mean age did not differ between schizophrenia patients and NCPs
(Kruskal-Wallis test for non-normally distributed samples, p>0.05). P-values for the within-
subject factor are reported after Greenhouse-Geisser Epsilon correction. For significant effects,
Tukey simultaneous pairwise comparisons of factor-level means were performed, with a family
confidence co-efficient of 0.95.

To examine relationships of MMN and P3a amplitudes to age, for schizophrenia patients and
NCPs, linear regression analyses were conducted separately for each group, with MMN and
P3a amplitudes at Fz as dependent variables, and age as independent variable. To test the
hypotheses that the slopes of each regression line differed between patients and NCPs, the
method described by Zar (Zar, 1999) was used.
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For both patients and NCPs, to determine whether a higher-order polynomial function was a
better fit than a linear regression for each of the relationships of MMN and P3a amplitude to
age, we applied a quadratic regression and tested whether this significantly improved r2

compared to the linear regression (Zar, 1999). If so, then the next higher-order (cubic)
regression would be fit, the improvement in r2 would again be tested for significance, and so
on, until no significant additional improvement was found.

To explore whether educational attainment was associated with MMN and P3a amplitudes in
the schizophrenia and NCP groups, linear regression analyses were conducted separately for
each group, with MMN and P3a amplitudes at Fz as dependent variables, and both age and
years of education as independent variables.

Results
Grand average ERPs

Figure 2 shows grand average difference ERPs, formed by subtracting the ERP elicited by
standard tones from the ERP elicited by deviant tones, for schizophrenia patients and NCPs,
at all electrodes. Figure 3 shows the difference ERPs for schizophrenia patients and NCPs in
each age category, at Fz. The MMN is seen in the difference ERP as a negative deflection from
approximately 100 to 200 ms after stimulus onset. The P3a is seen as a positive deflection from
approximately 250 to 350 ms after stimulus onset.

Relationship between MMN and age in participant groups
ANOVA of MMN amplitude showed a Group effect [F(1,392)=134.8, p<0.001], with
schizophrenia patients exhibiting smaller (less negative) amplitudes than NCPs (Figure 4).
There was also an Age effect [F(3,392)=27.9, p<0.001]; overall, amplitudes were largest for
the ≥30 category, and progressively smaller for the 31–40, 41–50 and >50 categories. There
was an Electrode effect [F(2,784)=601.4, ε=0.64, p<0.001], with MMN being largest (most
negative) at Fz, intermediate at Cz, and smallest at Pz. There was an Age × Electrode interaction
[F(6,784)=14.2, ε=0.64, p<0.001], indicating that MMN amplitude declined more with age at
Fz (where it was larger to begin with) than at Pz. This was true of both schizophrenia patients
and NCPs, as reflected in the absence of a Group × Age × Electrode interaction [F(6,784)=0.87,
ε=0.64, p=0.48].

Mean MMN amplitudes for each combination of diagnostic group and age category are shown
in Table 2 for Fz. In every age category, MMN was significantly smaller in patients than in
NCPs, and the effect size of the difference was large (Cohen, 1988).

Figure 5 shows scatterplots of MMN amplitude versus age, showing regression line and
correlation co-efficients, for schizophrenia and NCP groups. Older age was significantly
correlated with reduced (less negative) MMN amplitudes in both groups, but the slope of this
decline was smaller in schizophrenia patients than in NCPs. The slopes differed significantly
between the schizophrenia and NCP groups (t=20.9, df=396, p<0.001).

Fitting a quadratic regression function to the relationship of MMN amplitude versus age did
not result in any significant improvement in r2, compared to the linear regression, for either
patients [r2=0.158 vs. 0.155, F(1,221)=0.98, p=0.32] or NCPs [r2=0.262 vs. 0.256, F(1,149)
=1.15, p=0.29].
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Relationship between MMN amplitude and education in participant groups
For both the schizophrenia and NCP groups, when linear regression was performed with MMN
amplitude at Fz as dependent variable, and age and years of education as independent variables,
years of education was not a significant predictor of MMN amplitude.

Relationship between P3a and age in participant groups
ANOVA of P3a amplitude showed a Group effect [F(1,372)=88.5, p<0.001], with
schizophrenia patients exhibiting smaller (less positive) amplitudes than NCPs (Figure 6).
There was also an Age effect [F(3,372)=7.76, p<0.001]; overall, amplitudes were largest for
the ≤30 category, intermediate for the 31–40 category, and smallest for the 41–50 and >50
categories which did not significantly differ from one another. There was a Group × Age
interaction [F(3,372)=7.29, p<0.001] – reflecting the fact that, in NCPs, there was a significant
decrement in P3a amplitudes between the 31–40 and 41–50 categories, whereas in patients,
P3a amplitudes were not significantly different between any of the age categories. There was
an Electrode effect [F(2,744)=330.3, ε=0.79, p<0.001], with P3a being larger at Fz and Cz than
at Pz. There was an Age × Electrode interaction [F(6,744)=3.27, ε=0.79, p<0.001], indicating
that P3a amplitude declined more with age at Fz and Cz (where it was larger to begin with)
than at Pz. This was true of both schizophrenia patients and NCPs, as reflected in the absence
of a Group × Age × Electrode interaction [F(6,744)=1.55, ε=0.64, p=0.16].

Mean P3a amplitudes for each combination of diagnostic group and age category are shown
in Table 3 for Fz. In every age category, P3a was significantly smaller in patients than in NCPs,
and the effect size of the difference was large (Cohen, 1988).

Figure 7 shows scatterplots of P3a amplitude versus age, showing regression line and
correlation co-efficients, for schizophrenia and NCP groups. Older age was significantly
correlated with reduced P3a amplitudes in NCPs, but P3a amplitude and age were not
significantly correlated in schizophrenia patients.

Fitting a quadratic regression function to the relationship of P3a amplitude versus age did not
result in significant improvement in r2 compared to the linear regression, for either patients
[r2=0.015 vs. 0.015, F(1,200)=0.05, p=0.83] or NCPs [r2=0.231 vs. 0.223, F(1,127)=1.42,
p=0.23].

Relationship between P3a amplitude and education in participant groups
For both the schizophrenia and NCP groups, when linear regression was performed with P3a
amplitude at Fz as dependent variable, and age and years of education as independent variables,
years of education was not a significant predictor of P3a amplitude.

Discussion
In this study, we assessed the relationship of auditory MMN and P3a amplitudes to age in
schizophrenia patients and NCPs. We measured MMN and P3a to duration deviants, in a large
cross-sectional sample of 253 patients and 147 NCPs who ranged widely in age (18–65 years).
Over the entire age range, as expected, MMN amplitude was significantly smaller in
schizophrenia patients than in NCPs, with large between-group effect sizes (d 0.95) at all ages.
Moreover, MMN amplitude declined as a function of age in both schizophrenia patients and
NCPs, though slightly less steeply in patients. For both patients and NCPs, a quadratic
regression function did not fit this relationship significantly better than did a linear function.
In contrast to MMN amplitude, although P3a amplitude was also smaller in schizophrenia
patients than in NCPs across all ages examined, it declined as a function of age in NCPs but
not in schizophrenia patients.
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Although Todd et al. (2008) did not quantify the slope of the MMN-age relationship in their
study, they noted that visual inspection of MMN-age scatterplots revealed that duration MMN
declined more slowly with age in schizophrenia patients than in controls – consistent with what
we found across our entire sample. This slightly slower decline in MMN amplitude in
schizophrenia patients as compared to NCPs could be due to a floor effect. It is also consistent
with a situation in which schizophrenia patients experience an early disease-related
deterioration of MMN, in the initial stages of symptomatic illness or prior to its onset; and
subsequently exhibit a decline in MMN only as a result of normal aging. Such a pattern would
parallel the trajectory that some researchers have hypothesized for neuropsychological deficits
in schizophrenia (Heaton et al., 2001, Hoff et al., 2005).

Like MMN, P3a was smaller than normal in schizophrenia patients over the entire age span
we examined, indicating that it too is already impaired relatively early in the course of
symptomatic disease. In contrast to MMN, however, and unlike in NCPs, P3a amplitude did
not decline significantly with age in the patients. This finding is consistent with other evidence
that MMN and P3a reflect separate cognitive processes (Horvath et al., 2008).

Importantly, our sample included outpatients with an established diagnosis of schizophrenia,
and not first-episode or prodromal patients. Thus, our data do not allow us to address the
question of whether MMN and/or P3a amplitudes are already reduced at illness onset or earlier.
We also did not include individuals over 65 years old in our study, and thus could not examine
for evidence of an accelerated decline in MMN and/or P3a amplitude in late life in
schizophrenia, analogous to findings for some other cognitive indices (Friedman et al.,
2001b). In addition, because of the cross-sectional nature of our study, extrapolation of the
results could yield an inaccurate picture of the course of MMN and P3a amplitude in individual
patients, if patients with different levels of impairment were not equally represented at all age
levels (Umbricht and Krljes, 2005). Additional cross-sectional and longitudinal studies across
the lifespan in schizophrenia patients and at-risk individuals, using a range of stimulus
characteristics, are necessary to further characterize the course of MMN and P3a impairment
in schizophrenia.
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Figure 1.
Grand average ERPs of schizophrenia patients (standards in blue; deviants in red) and NCPs
(standards in green; deviants in black), at all electrode sites. ERPs are time-locked to tone onset.
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Figure 2.
Grand average difference waves formed by subtracting average ERPs to standard tones from
average ERPs to deviant tones, for schizophrenia patients (dashed line) and NCPs (solid line),
at all electrode sites.
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Figure 3.
Grand average difference waves formed by subtracting average ERPs to standard tones from
average ERPs to deviant tones, for schizophrenia patients and NCPs in each age category, at
electrode site Fz.
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Figure 4.
Mean MMN amplitudes by age and electrode site, for (a) schizophrenia patients and (b) NCPs.
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Figure 5.
Scatterplot of MMN amplitude at Fz versus age, for schizophrenia patients (open circles;
dashed regression line) and NCPs (solid circles; solid regression line).
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Figure 6.
Mean P3a amplitudes by age and electrode site, for (a) schizophrenia patients and (b) NCPs.
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Figure 7.
Scatterplot of P3a amplitude at Fz versus age, for schizophrenia patients (open circles; dashed
regression line) and NCPs (solid circles; solid regression line).
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Table 1

Demographic and clinical characteristics of the study sample (means ± SD given where applicable)

Schizophrenia Patients (n=253) Normal Comparison Participants (n=147)

Age, yearsa 44.3±9.7 (range 19–65) 39.9±11.9 (range 18–64)

Sexb 73% male, 27% female 51% male, 49 female

Years of educationc 12.1±2.1 15.0±2.2

Onset of illness, age in years 22.3±7.7 -

Duration of illness, years 21.8±10.5 -

Number of previous 9.3±14.4 -

hospitalizations

SANS Total 13.3±4.9 -

SAPS Total 8.4±4.1 -

a
Patients differed significantly from NCPs, p=.001

b
Patients differed significantly from NCPs, p=.04

c
Patients differed significantly from NCPs, p<.0001
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