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The alpha rhythm of the EEG was first described by Hans
Berger in 1929 (1) and represented the first evidence that
scalp-recorded electrical activity could provide information
on underlying brain activity. A key feature of the occipital
alpha rhythm, which is generated primarily in the visual
cortex, is that it is “blocked” by photic stimulation as
reflected in a temporary suppression of ongoing alpha activ-
ity. By 1957, the first papers describing impaired alpha
responsiveness to photic stimulation in schizophrenia had
been published, including descriptions of differential impair-
ments among schizophrenia subtypes (2).

Thus, the study by Parker et al. (3), in this issue of the
Journal, builds on a venerable tradition of neurophysiologi-
cal investigation in schizophrenia. The P300 component of
the auditory event-related potential, which is the main bio-
marker used by Parker et al., was first described by Sutton
et al. in 1965 (4), followed shortly thereafter by studies doc-
umenting P3 impairments in schizophrenia (5). Since then,
numerous other neurophysiological responses have been
investigated across the psychotic disorders continuum,
including 1) auditory steady-state response and mismatch
negativity that index impaired early auditory processing; 2)
visual P1, N1, and N2m to magnocellular-biased stimuli that
index impaired early visual processing; and 3) frontal theta/
N2 potentials that index impaired cognitive control (6).

The study by Parker et al. addresses the question of
whether such measures are ready to move from the “bench”
to the “bedside” and answers with a resounding “Yes.” First,
the authors show that neurophysiological paradigms, such
as the auditory oddball paradigm, can feasibly be deployed
across multiple sites with high cross-site reliability. Second,
they demonstrate replicability across studies, with correla-
tion strengths (r) >0.9 between measures obtained in this
study and those obtained in a prior collaborative study by
this network called the Bipolar-Schizophrenia Network for
Intermediate Phenotypes 1 (B-SNIP1) study. The study-to-
study consistency is thus impressive and rivals the cross-
study reliability of EEG features typically used for assess-
ment of neurological disorders such as interictal spikes in
epilepsy (7) or EEG slowing in dementia (8).

This study is also noteworthy because the analyses go
beyond simple “time-domain” event-related potential
approaches to also investigate event-related oscillatory activ-
ity. In the standard event-related potential approach,
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responses are averaged across stimulus presentations and
collapsed across spectral frequencies, which has the effect of
discarding information inherent in trial-to-trial response
variability, as well as information present discretely within
individual frequency ranges. Furthermore, in this study, the
event-related oscillatory approach is applied to responses to
both deviant and standard stimuli in the oddball paradigm,
providing even greater sensitivity to abnormal local circuit-
level neural dysfunction in schizophrenia.

In the oddball paradigm, individuals listen to a series of
repetitive standard tones and must detect an infrequent
“oddball” stimulus, sometimes by button press but in this
case by counting. A tacit assumption of many studies focusing

on event-related potential
responses in the oddball par-
adigm is that the sensory
responses to the standard are
intact, and only the additional
activity related to detection
of the deviant stimulus is
impaired. Over the past deca-
des, however, deficits in early
auditory processing have
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question of whether
[neurophysiological]
measures are ready to
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“bench” to the
"bedside” and
answers with a

become increasingly docu-
mented in schizophrenia and
are best detected using spectral or “neuro-oscillatory”
approaches. Inclusion of event-related oscillatory measures,
therefore, greatly increases the sensitivity of the analyses for
between-group classification.

For example, while the typical P3 study analyzes only two
measures—amplitude and latency—Parker et al. identified 26
measures of interest. This led to multivariate predictors that
significantly segregated between nonpsychotic compared
with psychotic bipolar disorder patients, as well as between
the different patient groups and healthy control subjects.
There is thus no doubt that multivariate approaches such as
these are required to capture the complexity of information
processing dysfunction observed across psychotic disorders.

In the Parker et al. study, responses were assessed using
narrow-band filtering of the average EEG for each partici-
pant, yielding the spectral component of the average
response. Of note, even further information can be extracted
when spectral analyses are applied to responses to each
individual stimulus within the oddball paradigm, rather

resounding “Yes.”
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than just to the average response across stimuli. The addi-
tional spectral measures include 1) intertrial coherence, also
termed phase-locking, which assesses the degree to which
stimuli synchronize ongoing brain rhythms, and 2) single-
trial total or “induced” power, which assesses the degree to
which stimuli increase excitatory drive into the cortex (6).

For example, when individuals attend to a sequence of
auditory stimuli, as in the oddball paradigm, their brain
rhythms typically align (“entrain”) to the presentation rate
of the stimuli. Because stimuli are typically presented at a
rate of ~1 stimulus/second, the entrainment is reflected as
an increase in intertrial coherence within the delta (0.5-4
Hz) frequency band. Delta entrainment allows the brain to
“rest” in-between stimuli and then focus its processing
resources specifically to when the next stimulus is expected,
a process termed “active sensing.” In schizophrenia, this
process breaks down, leading to the inefficient processing
that gives rise to P3 deficits (9). While this process is cap-
tured somewhat by the metrics developed by Parker et al.,
additional single-trial analyses of the B-SNIP data sets might
provide even further mechanistic insights into mechanisms
underlying impaired auditory sensory responsiveness across
the psychotic disorders continuum.

Some challenges also remain in moving neurophysiologi-
cal measures such as P3 to standard clinical practice. First,
neurophysiological research has been driven in part by the
“endophenotype” concept (10), as referenced by Parker et al.
However, the heritability of P3 has been estimated only at
~0.4-0.5 (11), which is not much different from the heritabil-
ity of psychotic symptoms as a whole. Similar heritability
estimates have been obtained for resting-state oscillatory
measures (12). There is also a considerable size mismatch
between current genetic studies, which may include upwards
of 100,000 subjects, compared with the sample size achiev-
able even in the largest event-related potential consortia.
Therefore, whether or not neurophysiological measures will
prove useful as endophenotypes remains an open question.

Second, as in the present study, neurophysiological meas-
ures are often graded across different patient groups rather
than being multimodally distributed. Thus, they support
dimensional nosologies, rather than the type of categorical
nosologies typically required in clinical medicine. With the
exception of tone matching, which appears to be bimodally
distributed in schizophrenia and thus may index physiologi-
cally distinct subgroups (13), most biomarkers produce over-
lapping distributions across populations similar to that
shown in Figure 4 of the Parker et al. study. P3 deficits may
also be observed in other disorders, such as major depres-
sion or dementia. This nonspecificity may further limit the
diagnostic utility of P3 when applied to “real world” clinical
populations. Future studies will be needed to see whether
the multivariate approach can lead to further differentiation
across disorders.

An alternative formulation for the use of neurophysiolog-
ical measures is to consider them more specifically as mech-
anistic translational biomarkers within the context of the
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21st Century Cures Act. This act, which was passed in 2016,
seeks to use biomarkers to aid in development of new treat-
ment approaches through its Biomarker Qualification Pro-
gram (BQP). Biomarkers are -categorized into specific
contexts of use, including identification of susceptibility/risk,
diagnosis, effect monitoring, prognostic forecasting, response
prediction, or pharmacodynamic assessment of target
engagement (14).

For example, traditionally defined P3 has recently been
shown by the North American Prodrome Longitudinal Study
(NAPLS) to significantly predict transition to schizophrenia
among clinical high-risk individuals, albeit with relatively
small effect size (15). A potential test of the multivariate
approach proposed by Parker et al. would be to apply it to
the NAPLS data set and evaluate the degree to which inclu-
sion of their additional variates leads to increased sensitivity
in predicting conversion. Alternatively, as with mismatch
negativity (16), P3 may prove useful for establishing target
engagement within early-stage drug development. In gen-
eral, adopting the BQP terminology would assist in commu-
nicating the proposed context of use for neurophysiological
biomarkers as they are developed.

One of the greatest challenges facing the field of neuro-
physiology in schizophrenia is that we have too many
measures that are abnormal, rather than too few. For exam-
ple, the alpha “blocking” that was first described in the
1950s is now more commonly termed “event-related
desynchronization” and has been shown to strongly distin-
guish between individuals with schizophrenia, who show
marked hypo-responsiveness to the stimuli, and adults with
autism spectrum disorder, who show equally marked hyper-
responsiveness (17). Other measures such as auditory steady-
state response and mismatch negativity have similarly been
replicated over multiple studies. However, much like the
field of neuropsychology prior to the Measurement and
Treatment Research to Improve Cognition in Schizophrenia
initiative, multiple parametric variations of each paradigm
are in use across different laboratories and consortia, limit-
ing comparability across studies.

Large consortia, such as the Consortium on the Genetics
of Schizophrenia, B-SNIP, and NAPLS, have now demon-
strated the consistency and cross-site scalability of neuro-
physiological biomarkers. The critical challenge now is how
to best embed these into translational and mechanistic
research frameworks and harness them for the development
of improved nosologies and new treatment approaches.
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