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The contingent negative variation (CNV) is an event-
related potential that provides a neural index of psycho-
motor processes (eg, attention and motor planning) well
known to be dysfunctional in schizophrenia. Although
evidence suggests that CNV amplitude is blunted in pa-
tients with schizophrenia (SZ) compared to healthy con-
trols (HCs), there is currently no meta-analytic evidence
for the size of the effect. Further, it is unknown how CNV
blunting compares to closely related measures of psycho-
motor dysfunction, such as reaction time slowing. We used
random-effects models to calculate the pooled effect size
(ES) across 30 studies investigating CNV amplitude differ-
ences between patients and HCs (V,, = 685, N, . = 714).
Effect sizes for reaction time slowing across the studies
were also quantified. Potential moderators, including
sample characteristics and aspects of the CNV measure-
ment, were examined. There was robust blunting of CNV
activity in patients compared to HCs (ES = —0.79). The
magnitude of this effect did not differ from reaction time
slowing. Notably, CNV blunting in patients was signifi-
cantly greater at central sites (ES = —0.87) compared to
frontal sites (ES = —0.48). No other assessed methodo-
logical characteristics significantly moderated the magni-
tude of CNV differences. There is a large effect for CNV
blunting in SZ that appears robust to potential confounds
or methodological moderators. In addition, reduced CNV
activity was statistically comparable to that of reaction
time slowing. Blunting was the largest at central elec-
trodes, which has been implicated in motor preparation.
These findings speak to the complexity of psychomotor
dysfunction in SZ and suggest significant promise for a
biomarker.

Keywords: electrophysiology/motor/psychosis/attention/
event-related potential/biomarker

Introduction

Schizophrenia (SZ) is a severe disorder that results in
chronic impairment caused by a progressive disassociation
with reality and neurocognitive decline. Given that SZ is
an illness characterized by deficits in both cognitive and
motor function, it is perhaps unsurprising that an abun-
dance of research has examined whether event-related
potentials (ERPs) related to psychomotor processes
are impaired in psychosis.*” First discovered by Walter
et al,® the contingent negative variation (CNV) is a sus-
tained negativity that gradually develops in response to a
warning stimulus that signals that a response is required
for a subsequent stimulus (ie, an “imperative” stimulus). It
is considered to be a neural index of several psychomotor
processes involved in transforming sensory information
into goal-directed action, including anticipatory attention,
motivation, and overall readiness to respond.*!® Although
evidence suggests that CNV amplitude is blunted in pa-
tients with SZ compared to healthy controls (HCs), there
has not yet been a meta-analysis to determine the size of
this effect. It is also currently unknown how CNV blunting
in psychosis compares to behavioral markers of psycho-
motor dysfunction (eg, reaction time slowing) and other
potential ERP biomarkers in psychosis (eg, mismatch neg-
ativity, P300), limiting the field’s understanding of its use-
fulness as a putative biomarker of disease processes. The
present meta-analysis aimed to determine the overall effect
size (ES) of CNV blunting in patients with SZ compared
to HCs. Because the CNV is strongly associated with be-
havioral psychomotor slowing (ie, reaction time),'"!> which
has been called “the closest thing to a north star in schizo-
phrenia research”®® due to its large ES and consistent rep-
lication, we also compared the overall magnitude of CNV
blunting to reaction time slowing in order to further clarify
its usefulness for understanding disease mechanisms in SZ.
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Consistent with electrophysiology studies of the CNYV,
evidence from functional magnetic resonance imaging,
single-unit recording, and lesion studies suggest that the
CNV is generated by a network of brain regions involved
in psychomotor functions such as attention and higher-
order cognitive processes (eg, dorsolateral prefrontal
and parietal cortices),!®!*1® as well as motor planning
and preparation (eg, cerebellum, basal ganglia, supple-
mentary motor area [SMA], and premotor cortex).!%!7!8
Notably, because there is a strong overlap between these
putative neural generators of the CNV and those impli-
cated in both psychomotor dysfunction and prominent
etiological models of SZ,'%!>1%2 CNV blunting in patients
may be a promising neural marker of psychomotor dys-
function in psychosis. This is important as psychomotor
abnormalities have been recognized as core features of
SZ since its earliest conceptualizations,*** and recent
evidence has indicated that psychomotor dysfunction is
present in high-risk populations and is sensitive to illness
progression.”2 Further, it has been shown that CNV
blunting in patients is associated with both positive (ie,
disorganized) and negative symptoms (eg, avolition, at-
tention, and blunted affect).?** Given the strong associ-
ation between negative symptoms, cognitive deficits, and
motor abnormalities in SZ,**3' CNV amplitude may pro-
vide a useful marker for tracking distinct deficits across
these domains.

A number of studies have examined the CNV in pa-
tients with SZ. Although occasionally blunting is not ob-
served in patients (see 32**), the most consistent finding
is that CNV amplitude is reduced in patients compared
to controls (eg, " *¥). However, studies examining the
CNV in SZ have varied considerably with regards to
patient characteristics, task design, and CNV measure-
ment. Specifically, studies have varied in both the du-
ration of illness of their patient sample (eg, 33 *') and
the complexity of the task used to elicit the CNV (eg,
35.39.42) " both of which may influence the CNV.¥ In ad-
dition to differences in task design, several studies have
limited measurement electrodes to frontal (eg, 3*3%) or
central (eg, ***) electrode sites, many without distinction
between whether measurement reflects the early or late
CNV (eg, ***), leading to difficulty contextualizing find-
ings within the broader CNV literature. For example, the
more frontal early CNV component is thought to reflect
the alerting and orienting response to the warning stim-
ulus, whereas the prominent central late CNV component
largely reflects anticipatory attention and motor prepa-
ration.''*4¢ Consistent with efforts to determine poten-
tial electrophysiology markers of SZ,%4" elucidating the
exact size and potential moderators of this effect stands
to inform future work and aid in determining the overall
promise of the CNV as a potential neural marker of SZ.

In the present meta-analysis, these issues were addressed
through 2 main aims. First, we estimated the weighted
mean ES of the difference in CNV amplitude between
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patients with SZ and HCs. Given that reaction time
slowing is a robust finding in SZ that is closely associated
with CNV amplitude (ie, greater CNV amplitude is re-
lated to faster reaction times'>*®), we also compared CNV
blunting to reaction time slowing in order to clarify its rela-
tive importance as a marker of disease mechanisms in psy-
chosis. Indeed, reaction time slowing only provides a single
metric that does not distinguish amongst the different dys-
functional cognitive and motor processes contributing to
slowing. Because CNV amplitude reflects specific cognitive
(alerting, attention) and motor function (planning), com-
paring CNV blunting and reaction time slowing serves the
additional purpose of demonstrating the utility of using
markers of distinct processes with more specific neural sub-
strates. Second, we examined the effect(s) of sample char-
acteristics (ie, duration of illness, mean age, percentage of
males, years of education, medication dosage, and clinical
status of the patient sample) and characteristics of CNV
measurement (ie, task complexity, interstimulus interval,
mean vs peak amplitude, and electrode site) as potential
moderators on the magnitude of CNV blunting.

Methods and Materials

Literature Search

The present study was conducted in accordance with
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines for transparent
and replicable systematic reviews and meta-analyses.
A systematic search was performed across multiple stages
(see figure 1 for flowchart). First, relevant articles were
identified through PubMed and Google Scholar online
databases (conducted on May 15, 2019) using the fol-
lowing search terms: (schizo*) AND (“contingent neg-
ative variation” OR CNV) AND (EEG OR ERP). The
title and abstract of each article from the resultant search
were then reviewed to determine if the study was appro-
priate for further consideration and their references were
reviewed to identify additional potential studies. Second,
relevant articles were then closely evaluated against study
inclusion criteria (see below for details).

Study Selection

Studies were considered eligible for inclusion if they
met the following criteria: (1) were from a peer-reviewed
journal article written in English, (2) had both a control
and SZ group comprised of adult subjects (218 years of
age), (3) reported descriptive statistics (mean and SD/SE)
and/or parametric statistics (¢ or F values) that allowed
for calculations of Hedge’s g comparing CNV amplitude
(mean or peak measures) in controls and patients, (4) had
nonoverlapping samples, (5) used established criteria for
SZ diagnoses (DSM-III, DSM-III-R, DSM-1V, and/or
ICD-10), and (6) measured CNV amplitudes from fronto-
central electrode sites (Fz, F3, F4, FCz, Cz, C3, and C4)
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart diagram.

according to the 10-20 system. These electrode sites were
chosen due to the well-established fronto-central scalp to-
pography of the CNV (see ). Two reviewers (J.O. and
B.K.) independently reviewed each article to determine
if the study met inclusion criteria and discrepancies were
resolved through consensus meetings.

A total of 86 articles were initially identified as rele-
vant from titles and abstracts and 32 of these studies were
ultimately included in subsequent analyses (see table 1
for included studies and figure 1 for reasons for exclu-
sion of k = 54 studies). Each of the 32 identified studies
was coded for quality and risk of bias by 2 reviewers
(J.0. and B.K.) using the Risk of Bias Assessment Tool
for Nonrandomized Studies (RoBANS). Interrater
agreement was high (Cohen’s Kappa = 0.83) with the ma-
jority of included studies having overall low risk of bias
(see supplementary table 1 for ROBANS ratings).

Moderators

Patient and study design characteristics were examined
as potential moderators. For patient characteristics,
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duration of illness, mean age, percentage of males, years
of education, medication dosage (chlorpromazine [CPZ]
equivalents), and clinical status of the patient sample (in-
patient vs outpatient) were coded for each study. Clinical
status was coded as either inpatient (kK = 11) or outpatient
(k = 7) but, because a fair number of studies (k = 8) used
SZ samples comprised of both inpatients and outpatients,
potential moderating effects of combined inpatient and
outpatient samples were also examined. For characteris-
tics of the study design, we examined task complexity,
interstimulus interval (ISI), mean vs peak amplitude
measurement, and topographical location of the CNV
(frontal vs central). Given that some research has sug-
gested that blunting in patients with SZ is greatest at cen-
tral sites but has also been observed at frontal sites (eg, **
31, we examined electrode site (ie, frontal vs central) as a
potential moderator in a subset of studies (kK = 21) that
measured CNV amplitude differences between patients
and HCs at frontal and/or central electrode sites. We
were not able to examine CNV measurement window as
a potential moderator because there were too few studies
(k = 4) that reported ES for the early CNV component.


http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa043#supplementary-data
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See supplementary table 2 for descriptive statistics of
study design characteristics.

Analyses

The primary variable of interest was the amplitude of the
CNYV for patients with SZ compared to HC subjects. For
each study (k = 32), Hedge’s g was calculated based on
reported means and SDs/SEs or parametric statistics (¢
or Fvalues) comparing CNV amplitudes for patients and
HC:s. For each study, a single ES collapsed across condi-
tions, electrode measurement sites, and groups (eg, inpa-
tient/outpatient) was used for the primary analyses.

Random-effects models with restricted-information
maximum likelihood estimation were used to calculate
the overall weighted mean ES, SE, and 95% CI of CNV
amplitude differences between patients and HCs across
the studies. We employed z tests to examine if the overall
effect was significantly different from zero. Heterogeneity
in the distribution of ES was examined using the I sta-
tistic and Q test. Visual inspection of funnel plots and
Egger’s regression test of funnel plot asymmetry were
used to determine if publication bias was present.
Studentized residuals were used to identify potential out-
lier and influential cases. The same procedure was used to
estimate the weighted mean ES for group differences in
reaction time, which were available in 22 of the 32 studies.
Statistical comparisons between ES were made by exam-
ining whether Cls overlapped between the obtained ES
for reaction time slowing and CNV blunting within the
same subset of 22 studies.

To examine the impact of potential moderators, meta-
regression analyses were employed using random-effects
modeling. A single effect was included from each study in
the random-effect models testing for moderation by du-
ration of illness (k = 18), mean age of patients (k = 32),
percentage of males (k = 32), years of education of pa-
tients (k = 18), medication dosage (k = 19), clinical status
of sample (k = 26), task complexity (k = 32), ISI (k = 32),
and amplitude measurement (k = 32). Because 10 of the
21 studies measured CNV amplitude group differences at
both frontal and central electrode sites, robust variance
estimation (RVE) was employed to account for within-
study statistical dependencies. Thus, a total of 31 ES (19
central) were included in RVE analyses examining the
effect of measurement electrode on the weighted mean
ES of CNV amplitude group differences. Forest plots are
provided to visualize the distribution of ES across the in-
cluded studies.

We also quantified whether CNV blunting and reac-
tion time slowing are distinct measures by calculating an
estimate of the meta-analytic correlation between these 2
variables. Then, to determine if CNV blunting provided
unique variance in the combined ES of the 2 variables
above and beyond reaction time slowing alone, we entered
the meta-analytic correlation into the following equation:

1148

cl+C2
V2 X (14r)
slowing and CNV amplitude and r is the correlation be-
tween these 2 measures (see supplementary materials for
details).

, where C1 and C2 are the ES of reaction time

Results

Across the studies, the mean age of patients and con-
trols was 32.35 (SD = 7.47) and 31.80 (SD = 7.91), re-
spectively. Years of education was comparable between
patients and controls, with patients having on average
11.89 (SD = 1.15) years of education and controls having
12.71 years (SD = 1.65). The mean distribution of sex
was 74% males (SD = 17.71) within patient samples and
72% males (SD = 17.83) within control samples. The
mean duration of illness was 9.17 years (SD = 5.86). The
mean medication dosage was 422.36 mg (CPZ equivalent;
SD = 353.73).

Mean Weighted ES

The weighted mean ES across the 32 included studies
revealed a significant overall blunting of CNV ampli-
tude in SZ patients compared to controls [ES = —0.80,
95% CI: —0.98, —0.62, P < 0.0001]. However, the distri-
bution of ES was highly heterogenous [Q(31) = 79.23,
I?* = 64.17%, P < 0.0001]. Measures of influences (ie,
studentized residuals) suggested that 2 studies were con-
tributing a considerable amount to the observed heter-
ogeneity.?®33 Specifically, a study by Strandburg et al®
found opposite CNV effects in patients and controls,
with controls exhibiting “blunting” compared to patients
with SZ (ES = 0.82). In contrast, the ES from the study
by Oke et al® was substantially larger than the rest of
the included studies (ES = 3.49). Data were reanalyzed
after removal of the 2 outlier articles, and the resultant
weighted mean ES of the 30 remaining studies was large
[ES = -0.79, 95% CI: —0.90, —0.68, P < 0.0001] with het-
erogeneity across the distribution of ES substantially re-
duced [Q(29) = 28.99, I'* = 5.77%, P = 0.47] (see figure 2
for forest plot). Further, the examination of funnel plots
and Egger’s coefficient bias test did not reveal a small
study publication bias [intercept = —0.15, 95% CI: —1.42,
-1.11, P=0.82].

Comparing CNV Blunting to Reaction Time Slowing

The weighted mean ES for reaction time across 22 studies
revealed significant reaction time slowing in SZ patients
compared to controls [ES = —1.20, 95% CI: —1.43, —0.96,
P <0.0001]. Similar to a recent meta-analysis of 76 studies
examining reaction time slowing in SZ,%* the distribution
of ES for reaction time slowing was highly heteroge-
nous [Q(21) = 54.31, I'> = 60.70%, P < 0.0001]. Within
the same 22 studies from which reaction time data were
obtained, the mean weighted ES for CNV blunting in SZ
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Fig. 2. Forest plot of CNV effect sizes. *Note: RE = random effects, square size = weight, diamond size = effect size and CI.

patients compared to controls was [ES = —0.87, 95% CI:
—1.00, —0.74, P < .0001], which was homogenous across
the observed ES [Q(21) = 20.82, I'* = 4.60%, P = .47].
Although the ES estimate for reaction time slowing was
somewhat larger than the ES estimate for CNV blunting,
the CIs overlapped, indicating no significant difference
between the 2 meta-analytic ES. In addition, the pooled
ES of CNV blunting and reaction time slowing combined
(r = 0.57) was found to be greater than the ES of reaction
time slowing alone (r = 0.52; see supplementary materials
for complete correlation coefficients). This provides evi-
dence that CNV blunting accounts for unshared variance
between reaction time slowing and psychomotor deficits
in SZ.

Moderating Variables

Meta-regression analyses did not indicate that illness du-
ration, patient age, patient years of education, percent
male, medication dosage, clinical status, task complexity,
amplitude measurement (peak and mean), or ISI were
statistically significant moderators (all Ps > 0.10).
Regarding electrode sites, robust variance estimation
indicated that the weighted mean ES of CNV amplitudes
at central electrode sites was large [ES = —0.87, 95% CI:
—1.01, —0.73, P < 0.0001] (see figure 3 for forest plot). By
contrast, the weighted mean ES of CNV amplitudes at
frontal electrode sites was medium [ES = —0.48, 95% CI:

—-0.75,-0.22, P <0.01] (see figure 4 for forest plot). When
comparing weighted mean ES of central and frontal elec-
trode sites, analyses revealed that blunting in patients was
significantly larger at central sites than those measured
at frontal electrode sites [AES = —0.39, 95% CI: —0.62,
—0.15, P < 0.01]. Further, these findings remained when
conducting sensitivity analyses removing the 2 ES with
inverted effects at frontal electrode sites (ie, controls
having blunted CNV amplitude).’**' Specifically, these
analyses again revealed that blunting in patients was
significantly larger at central sites than those measured
at frontal electrode sites [AES = —0.27, 95% CI: —0.48,
-0.07, P=0.01].

Discussion

The CNV serves as a continuous measure of psycho-
motor processes that are well evidenced to be impaired
in SZ.%%>* The current meta-analytic review revealed a re-
liable and robust blunting of CNV activity in patients
compared to HCs (ES = —0.79). This finding is con-
sistent with the broader literature demonstrating that
deficits in attention and motor function are core features
of SZ.33 The magnitude of CNV blunting was not sta-
tistically different than that of psychomotor slowing.
Notably, the CI for CNV blunting from the current study
(CI: —0.90, —0.68) overlapped with a large recent meta-
analysis that observed an overall ES of 0.99 (CI: —1.12,
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Author, year

Effect size [95% CI]

Eikmeier, 1992 I

% -1.21[-2.07,-0.35]

Guterman, 1996 I
Kirenskaya, 2013 | =

f -1.21[-2.37,-0.04]
i : -1.17 [-1.90, -0.45]

Klein, 1994
Klein, 1996 I

= { -0.23 [-0.92, 045]

= ! -0.64 [-1.30, 0.01]

Klein, 2000 [

. | -0.85[-1.54,-0.15]

Koyama, 1994 | -

| -1.05[-1.69,-0.41]

Li, 2013 —— i -0.76 [-1.10,-0.43]
Li, 2015 e -0.62[-1.11,-0.14]
Reuter, 2006 f = | : -0.96 [-1.58,-0.34]
Rockstroh, 1997 f o -1.11 [-1.94,-0.28]
Simlai, 2010 e -0.67 [-1.18,-0.15]
Smid, 2009 | | -1.46[-2.25,-0.68]
Smid, 2013 | | -1.00 [-1.82,-0.18]
Taguchi, 2003 e ; -0.93 [-1.49,-0.36]
Van Den Bosch, 1983 f = | -0.86 [-1.51,-0.21]
Verleger, 1999 . ‘ -1.19 [-1.65,-0.72]
Wagner, 1996 | - : -0.69 [-1.32,-0.05]
RE Model <o -0.87[-1.01,-0.73]
3 2 1 ) 1

Central Site-s Effect Sizes

Fig. 3. Forest plot of CNV effect sizes at central electrode sites. *Note: RE = random effects, square size = weight, diamond size = effect

size and CI.

Author, year

Effect size [95% CI]

Eikmeier, 1992
Kirenskaya, 2013 f

I : { 0.36[-0.44, 1.16]
- ! -0.67 [-1.35, 0.01]

Klein, 1994 : . | 043[-0.26, 1.12]
Klein, 2000 : . | -0.69 [-1.37,-0.00]
Koyama, 1994 ; . . -0.84 [-1.47,-021]
Reuter, 2006 ! - | -0.27 [-0.85, 0.31]
Simlai, 2010 N -0.43 [-0.93, 0.08]
Van Den Bosch, 1983 ! - ! -0.11 [-0.73, 0.52]
Verleger, 1999 —a— i -096 [-1.41,-0.51]
Wagner, 1996 P — 030 [-0.92, 0.32]
Zhang, 2016 — -0.61 [-1.03,-0.20]
RE Model o 1042 [-0.67,-0.17]

3 2 -1

0
Frontal Sites Effect Sizes

T 1

1.5

Fig. 4. Forest plot of CNV effect sizes at frontal electrode sites. *Note: RE = random effects, square size = weight, diamond size = effect

size and CI.

—.86) for reaction time slowing in patients,” providing
further support that CNV blunting in SZ is comparable
to that of reaction time slowing. Similarly, the magnitude
of CNYV blunting in patients is also comparable to other
proposed ERP biomarkers, including the error-related
negativity (ES = —0.96; CI: —1.09, —0.82),* mismatch

1150

negativity (ES = -0.95; CI: —1.04, —0.85),° P300
(ES =-0.74; CI: —0.78, —0.69),>” and N170 (ES = —0.64;
CI: —0.78, —0.49).5® Notably, whereas both reaction time
slowing and the aforementioned ERP components tend
to have a wide degree of heterogeneity across ES,>255-57
after removal of the 2 outlier studies, the magnitude



of CNV blunting was highly consistent across studies.
Given that the CNV is believed to be a neural index of
several psychomotor processes (eg, alerting, anticipatory
attention, and motor planning) involved in translating
sensory information into a response (ie, reaction time), it
is not surprising that the majority of variance explained
is shared with reaction time slowing. It is important to
note that CNV blunting reflects anticipatory attention
and motor planning processes that contribute to reac-
tion time slowing.? ! CNV blunting and reaction time
slowing are not analogs and it is important that there
remains a modest unique effect of CNV blunting above
and beyond reaction time. Furthermore, consistent with
past work in other disorders,®* identifying additional
measures that increase the predictive utility of psycho-
motor deficits in patients with SZ may allow for better
classification of individuals based on these diagnostic
measures. Because reaction time slowing is the observ-
able endpoint of several partially distinct psychomotor
processes, having biomarkers that index specific pro-
cesses and neural generators (ie, CNV) may be particu-
larly suited for this purpose.

There is a strong overlap between the putative neural
generators of the CNV and brain regions implicated
in prominent pathophysiological models of SZ, sug-
gesting the CNV may serve as a valuable biomarker for
the illness. Evidence from neuroimaging and lesion re-
search indicates the putative cortical and subcortical
generators of the CNV, including the prefrontal cortex,
primary motor cortex, parietal cortex, SMA, anterior
cingulate cortex, thalamus, basal ganglia, and cere-
bellum.'>% Critically, all of these brain regions com-
prise neural networks that are well documented to be
disturbed in SZ. For example, it has been argued that
the CNV primarily reflects neuronal activity from a
dopamine-mediated cortico-thalamo-striatal network
(see '77), which is highly consistent with the dopamine
theory of psychosis®®® and the large body of evidence
demonstrating disturbances in cortico-striatal-thalamic-
cortical networks in SZ.7 Given that these networks
are thought to be responsible for mediating the psycho-
motor processes considered to be indexed by the CNV,
such as attention and motor control, it is possible that
CNYV blunting in SZ is a marker of disturbances within
distinct regions implicated in this network or connec-
tivity across different regions of this system when en-
gaging in anticipatory response selection.

We also examined the effect(s) of potential moderators
on the magnitude of CNV blunting. Moderation analyses
indicated that blunted CNV amplitude in patients with
SZ was not moderated by illness duration, patient age, sex
distribution of sample, years of patient education, medi-
cation dosage, clinical status of the patient sample, task
complexity, ISI, or amplitude measurement. Although
medication dosage did not moderate the magnitude of

CNYV Blunting Schizophrenia

CNYV blunting, it is important to note that serval lines of
evidence suggests that CNV amplitude may normalize
after the onset of neuroleptics and symptom remission.”"’
Notably, electrode site (frontal vs central) was a signifi-
cant moderator of the magnitude of CNV blunting. There
has been considerable discussion within the literature re-
garding whether blunting of the CNV in SZ is primarily
located at central or frontal electrode sites. Specifically,
it has been argued that reduction of the CNV at cen-
tral electrode sites is a stable marker of SZ and largely
reflects motor preparation, whereas blunting at frontal
sites is state dependent.”’-*787 Evidence from the present
study supports previous impressions that CNV blunting
is greatest at central sites (ES = —0.87) and may primarily
reflect deficits in motor preparation.?” However, a medium
ES was also observed for frontal sites in the current study
(ES = —0.48). The discrepancy between past impressions
and the current findings may suggest that reductions at
frontal sites are present but between-group differences
may not always be found, possibly due to small sample
sizes used in the majority of studies.

Although there are clear strengths to current meta-
analysis (ie, no evidence for publication bias), there are
also limitations that warrant discussion. First, we were
unable to directly compare ES for early and late compo-
nents of the CNV in SZ. This was largely due to studies
either not directly assessing the early CNV component
or only reporting statistics for the late component when
there were no significant group differences observed in the
early measurement window. Second, patient samples were
highly similar across the included studies. Specifically, the
majority of included studies reflect CNV blunting in mid-
dle-aged patients with SZ that have a fairly chronic illness
course, calling into question the generalizability of the
current meta-analytic findings to first episode and other
subpopulations of SZ.

The current meta-analysis highlights several key areas
for future research. First, it will be important for future
well-powered research to compare the CNV blunting in
the early vs late window to better elucidate the psycho-
motor processes that are impaired in psychosis. Similarly,
future work should focus on examining the CNV in youth
at clinical high risk for the illness, which would provide
valuable confirmatory evidence for the CNV as a poten-
tial biomarker for the progression of the disorder. Lastly,
given that the present findings indicate that CNV blunting
and reaction time slowing are measuring partially distinct
processes, it will be important to determine the relative
predictive utility of these measures for distinguishing be-
tween patients with SZ and HCs in a high-powered study.
Investigating these questions may provide valuable in-
sight into the underlying neural mechanisms of attention
and response preparation deficits in SZ, as well as pro-
vide a novel biomarker of the integrity of cortico-striatal-
thalamic-cortical networks in psychosis.
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