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Abstract
Event-related oscillations (EROs) are heritable electrophysiological measures associated with
cognitive activity and have been shown to be particularly informative for the genetic analysis of
substance dependence and other psychiatric disorders. In the present study associations between
the cortical event-related oscillations (EROs) elicited by affective stimuli, and the diagnosis of
ASPD or CD (ASPD/CD) were investigated, and heritability and linkage analyses conducted in
662 individuals residing in an American Indian community. Results from this study found that
participants with ASPD/CD showed increased alpha ERO energy in centro-parietal leads in the 0
to 250 ms time window in response to all three emotional expressions (sad, neutral and happy
faces). Participants with ASPD/CD also showed increased alpha ERO energy in centro-parietal
leads in the 400 to 700 ms time window in response to happy and neutral faces. Variance
components analysis suggested a significant familial component to each of the described ERO
phenotypes. Although a follow-up genome-wide linkage analysis failed to detect significant
evidence of genetic linkage for any of these phenotypes, centro-parietal alpha energy in response
to happy faces showed suggestive evidence of linkage to chromosome 1p36.31 (LOD = 2.40), in
an area found in previous studies to be associated with externalizing phenotypes. Findings from
this study suggest greater activation of neural circuits required to perform a facial recognition task
in participants with ASPD/CD. The observed increase in alpha ERO energy may represent a
heritable endophenotype associated with select externalizing disorders in this population.
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1. Introduction
Electrophysiological measures [e.g., electroencephalogram (EEG), event-related potentials
(ERPs) and event-related oscillations (EROs)] have been particularly informative
endophenotypes for the genetic analysis of substance dependence and other psychiatric
disorders (Begleiter & Porjesz, 2006). For example, there is evidence to suggest that
individuals with antisocial personality disorder (ASPD) or conduct disorder (CD) exhibit
reductions in the amplitude of the P3 component of the event-related potential (ERP) (Bauer
& Hesselbrock, 2003; Bauer et al., 1994; Gao & Raine, 2009; Gilmore et al., 2010; Patrick
et al., 2006). Additionally, a study conducted in an American Indian community suggested
reductions in the amplitudes of two P300-like components (P350 and P450) were due, in
part, to the presence of externalizing disorders (Ehlers et al., 2007).

Findings from the Collaborative Study on Genetics of Alcoholism (COGA) project have
achieved significant progress identifying EROs associated with the human P3 component
and several genes potentially involved in their regulation (Begleiter & Porjesz, 2006; Porjesz
et al., 2005; Rangaswamy & Porjesz, 2008). For instance, studies have demonstrated that
delta and theta EROs are important contributors to the generation of the human P3
component (Rangaswamy & Porjesz, 2008). In one such study, time-frequency analysis was
used to decompose the averaged P3 response in individuals diagnosed with externalizing
disorders, and a significant association between delta activity and externalizing
psychopathology was found (Gilmore et al., 2010). Data from that study suggest that delta
activity in the time interval of the P2-N2-P3 ERP complex may serve as an endophenotype
for externalizing disorders. Association studies have supported this conclusion
demonstrating that delta EROs show associations with genes previously associated with
alcohol dependence and other externalizing disorders such as the muscarinic acetylcholine
receptor (M2) gene (CHRM2) (Dick et al., 2008; Jones et al., 2004, 2006; Wang et al.,
2004).Thus, an improved understanding of the relations between EROs and externalizing
disorders could provide insight into the genetic factors involved in the etiology of such
psychopathology.

The study of neural responses to emotional facial expressions has also been shown to
provide an index of changes in brain functioning in individuals diagnosed with externalizing
disorders such as ASPD and CD (Deely et al., 2006; Dolan & Fullam, 2006; Marsh & Blair,
2008; Marsh et al., 2008; Passamonti et al., 2010). Studies have shown that facial emotion
processing is an essential component of effective socialization and social interaction
(Corden et al., 2006; Fridlund, 1991) and failure to be properly guided by social cues of
others plays an important role in the development of antisocial behaviors (Blair, 2003;
Marsh & Blair, 2008). A meta-analysis of 20 studies of children and adults found that
antisocial individuals were less accurate than non-antisocial individuals at recognizing facial
expressions of six different emotions (fear, sadness, surprise, disgust, anger, happiness) and
were particularly impaired in recognizing facial expressions of fear (Marsh & Blair, 2008).
It has been also suggested that these face processing deficits might reflect involvement of
the amygdala or cortical regions with connections to the amygdala, such as the dorsal
anterior cingulate cortex or the ventromedial prefrontal cortex in antisociality (Marsh et al.,
2008).

Criado et al. Page 2

J Psychiatr Res. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Given that identifying neurophysiological endophenotypes associated with ASPD and CD
may further our understanding of the genetic substrates associated with externalizing
disorders, we sought to examine the relations between antisocial behavior and EROs and
ERPs generated in cortical sites in response to three different emotional expressions (sad,
neutral, happy faces) using a face emotion recognition task. We subsequently performed
linkage analysis of select neurophysiological phenotypes to demonstrate their utility in
molecular genetic research.

2. Methods
2.1. Participants

Participants were 662 American Indians recruited from eight geographically contiguous
reservations in southern California with a total population of about 3,000 individuals as part
of an ongoing family-based investigation of the genetic influences on substance use
phenotypes. Of the 662 participants, 83 were the only individual from their family included
in the present study. The remaining 582 participants belonged to 98 families ranging in size
from 2 to 16 members (average 5.11 ± 3.75). Participants responded to fliers posted at the
Indian Health Clinic, tribal halls, local schools, and local businesses and were also recruited
by word-of-mouth. Eligible participants were between the ages of 18 and 70 years of age
and of at least one-sixteenth American Indian heritage as determined by their federal Indian
blood quantum. The protocol for the study was approved by the Institutional Review Board
of The Scripps Research Institute (TSRI), and the Indian Health Council, a tribal review
group overseeing health issues for the reservations where the recruitments were undertaken.
Written informed consent was obtained from each participant after the procedures had been
fully explained. Participants were compensated for their time spent in the study.

2.2. Clinical Measures and Diagnoses
The Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA) was used to
gather demographic information and make a lifetime diagnosis of the combined phenotype
of ASPD or CD (ASPD/CD) according to DSM-III-R criteria (Bucholz et al., 1994;
Hesselbrock et al., 1999). The SSAGA has been successfully used in Native American
populations previously (Hesselbrock et al., 2000; Wall et al., 2003). Personnel from the
COGA project trained all interviewers participating in the study. A research psychiatrist/
addiction specialist made all best final diagnoses.

2.3. Face Emotion Recognition Task
The present study used a face emotion recognition task (Erwin et al., 1992) that was adapted
for use in an ERP paradigm and previously described (Orozco & Ehlers, 1998). The stimuli
were digital photographs of happy, neutral and sad faces presented on a computer screen for
1000 ms with an inter-trial interval of 1000–1500 ms. Thirty-six different faces (12 each of
happy, neutral, and sad) were presented in random order for a total of 216 trials. Participants
were instructed to depress separate counters whenever a happy or sad face was displayed (36
trials each) and not to respond to neutral faces (144 trials). The number of male and female
faces presented was also equally distributed among neutral, sad and happy stimuli.

2.4. General Electrophysiological Procedures
Acquisition and analyses of ERPs were done as previously described (Ehlers et al., 2006,
2007). Briefly, seven channels of ERP data (FZ, CZ, PZ, F3, F4, F7, and F8, referenced to
linked ear lobes with a forehead ground, international 10–20 system) were obtained; signals
were amplified and transferred on-line to a PC. ERP trials were digitized at a rate of 256 Hz.
The N1 (75–150 ms), P350 (250–500 ms) and P450 (475–600 ms) components of the ERP
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were quantified as previously described (Ehlers et al., 2006, 2007). For target stimuli, only
trials with correct identification were included in the averaging. The baseline was
determined by averaging the 100 ms of prestimulus activity obtained for each trial. All peaks
were quantified by one investigator and verified by a second investigator, both of whom
were blind to participants’ characteristics.

Data from each trial generated by the stimuli were processed by a time-frequency analysis
algorithm, which utilizes the S-transform (Stockwell et al., 1996), a generalization of the
Gabor transform (Gabor, 1946). To quantify S transform magnitudes, a region of interest
(ROI) was identified by specifying the band of frequencies and the time interval contained
in the rectangular ROI. ERO energy was determined as the measure of the energy values in
the ROI (energy summed over time and frequency). Baseline corrected post-stimulus
activity (900 ms) was calculated by subtracting pre-stimulus ERO energy values (100 ms)
from the post-stimulus ROI values, as previously described (Padmanabhapillai et al., 2006).
The ROI frequencies were: delta (0.75 – 4.25 Hz), theta (4.25 – 7.25 Hz), alpha (7.25 –
11.75 Hz) and beta (11.75 – 19.75 Hz). The ROI time intervals were based on early (0 – 250
ms) and late (400 – 700 ms) ERO peaks identified in the grand averages (see Figures 1 and
2).

2.5 Genotyping
Of the 662 participants, 381 participants with both genotype and phenotype data were used
in the genetic analyses. Genotypes were available for 381 subjects based on protocols
described in previous reports (Ehlers et al., 2010a, 2010b). Briefly, DNA isolated from
whole blood was genotyped for a panel of 791 autosomal microsatellite polymorphisms
(Weber & May, 1989) according to procedures recommended by the manufacturer (HD5
version 2.0; Applied Biosystems, Foster City, CA). This marker set has an average distance
of 4.6 cM between adjacent markers. Allele frequencies for linkage analysis were
determined from unrelated founders in the present population. Prior to analysis, genotypes
were subjected to extensive quality control. This included using genotype data to confirm
pedigree structures using PREST (McPeek & Sun, 2000), detection of Mendelian errors
using Pedcheck (O'Connell & Weeks, 1998), and the error-checking algorithm implemented
in Merlin (Abecasis et al., 2002) to identify inconsistent genotypes across family
relationships beyond simple Mendelian errors. These checks resulted in the removal of six
individuals due to pedigree structure errors, 772 genotypes due to Mendelian errors, and 508
genotypes due to other inconsistencies across family members. In total 273,598 genotypes
(99.5%) were accepted for analysis.

2.6. Data Analysis
To analyze the ERP components (N1, P350 and P450) and ERO energy, a principal
component analysis (PCA) was performed (SPSS, Inc., Chicago IL) over the seven electrode
locations in response to the three faces (neutral, sad, happy) in the face emotion recognition
task, as previously described (Ehlers et al., 2001). The electrode sites loading on the first
factor were the frontal leads (FZ, F3, F4, F7, F8) electrode sites loading on the second factor
were the two more centro-posterior leads (CZ, PZ). Participants’ age and gender were
included as potential covariates and retained if they accounted for a significant portion of the
total variance.

ERP amplitudes and latencies and ERO energy for the two components identified in the
PCA (frontal leads, centro-parietal leads) were evaluated using a two-way analysis of
variance (ANOVA). A two-way ANOVA was also used to determine the effects of a
diagnosis of ASPD/CD on response accuracy (percent correct response) among the three
emotional facial expressions within each group. Group (ASPD/CD vs. No ASPD/CD) was
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assessed as a between subject factor. Face (neutral, sad, happy) was assessed as within
subject repeated measures factor. When appropriate, post hoc analysis of the two-way
ANOVA utilized independent one-way ANOVAs to assess group differences. Repeated
measures one-way ANOVA was performed to determine within group differences in ERO
energy among sad, neutral and happy faces. For all repeated measures analyses,
Greenhouse-Geisser corrected p-values were reported to account for violations of sphericity.
To minimize the probability of a Type I error occurring due to multiple comparisons,
Bonferroni corrections were used (p < 0.004). When appropriate, post hoc analysis of
repeated measures one-way ANOVA utilized the Tukey HSD test (p < 0.05). Fisher's exact
test for dichotomous variables and ANOVA for continuous variables were used to evaluate
potential differences in demographic variables between the groups evaluated (p < 0.01).

Linkage analyses were conducted using the variance components approach implemented in
SOLAR v4.2.0 (Almasy & Blangero, 1998; Southwest Foundation for Biomedical Research
(S.F.B.R.), 2011) for those phenotypes that showed a relation with antisocial behavior.
Participants' age at the time of evaluation and gender were evaluated as covariates and
included in all analyses when appropriate. As a preliminary step in the linkage analysis,
SOLAR partitions the variation in the trait to be analyzed into a familial component (h2) that
provides an estimate of the additive genetic influences contributing to the trait and a non-
shared environmental component (e2). Each of the EEG phenotypes yielded an h2 estimate
that was significantly greater than 0 as determined using a Student's t-test (p < 0.05), and
thus were considered appropriate for linkage analysis. Gene-dropping simulations were
conducted for 100,000 replicates and used to derive empirical p-values for the observed
linkage peaks. A critical p-value of 0.000022 was used to identify genome-wide significant
linkage (Lander & Kruglyak, 1995), and a more liberal p-value of 0.001 was used to identify
suggestive evidence for linkage.

3. Results
3.1. Descriptive Data

Demographic data on the 662 participants are presented in Table 1. The sample contained
more female participants than males. An overall significant difference between participants
with ASPD/CD and those without ASPD/CD was found for age and education (Table 1).
Demographic comparisons between participants with and without ASPD/CD revealed no
significant differences between the groups of American Indian heritage.

3.2. Performance in the Face Emotion Recognition Task
There was no significant difference in response accuracy (percent correct response) between
groups. Two-way ANOVA showed no significant differences in response accuracy to sad
(ASPD/CD: 85 ± 1.3%; No ASPD/CD: 85 ± 0.7%), neutral (ASPD/CD: 92 ± 1.0%; No
ASPD/CD: 93 ± 0.5%) and happy (ASPD/CD: 89 ± 1.0%; No ASPD/CD: 90 ± 0.4%) faces.

3.3. ERP Responses in Adults with ASPD/CD
No significant associations were found between a personal history of ASPD/CD and N1,
P350 or P450 component amplitudes and latencies in either the frontal or centro-parietal
leads to any of the emotional facial expressions (data not shown). Grand averages of grand-
mean ERPs of sad, neutral and happy faces for centro-parietal regions are illustrated in
Figure 1. Given the negative results, linkage analyses of the ERP phenotypes were not
conducted.
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3.4. ERO Responses in Adults with ASPD/CD
3.4.1. ERO mean energy in the 0–250 ms window—Two-way repeated measures
ANOVA revealed a significant Group × Face interaction in the centro-parietal alpha band in
response to sad, neutral and happy faces (F(1.7,950) = 19.8, p < 0.005) (Figure 2A). Post
hoc comparisons showed that participants with ASPD/CD exhibited a significant increase in
ERO energy in response to sad, neutral and happy faces compared to participants without
ASPD/CD (F’s(1,653) < 13.6, p < 0.001). No differences in centro-parietal alpha ERO
energy levels among sad, neutral and happy faces were found in participants with either
ASPD/CD or without ASPD/CD (Figure 2A). The h2 estimates for the power of the centro-
parietal alpha band in response to sad, neutral, and happy faces were significantly greater
than 0 suggesting genetic contributions to the measured ERO energies. Although there were
several loci that approached the threshold for suggestive evidence of linkage, no loci yielded
a p-value < 0.001 (see Table 2). No significant associations were found between ASPD/CD
and frontal ERO energy in the delta, theta and beta bands (data not shown). Linkage
analyses were not conducted for these bands.

In contrast, two-way repeated measures ANOVA did not show a significant Group × Face
interaction in the frontal alpha band in response to sad, neutral and happy faces. Additional
statistical analyses performed using independent One-way ANOVAs with a Bonferroni
correction (p < 0.008) found that participants with ASPD/CD showed a significant increase
in ERO energy in the frontal alpha band in response to sad, neutral and happy faces relative
to participants without ASPD/CD (data not shown). While the h2 estimates for the power of
the frontal alpha band in response to sad, neutral, and happy faces were significantly greater
than 0 suggesting genetic contributions to the measured ERO energies, linkage analysis
failed to identify any significant or suggestive evidence of genetic linkage (see Table 2). No
significant associations were found between ASPD/CD and frontal ERO energy in the delta,
theta and beta bands (data not shown). Thus, linkage analyses were not conducted for these
bands.

3.4.2. ERO mean energy in the 400 – 700 ms window—Two-way repeated measures
ANOVA showed a significant Group × Face interaction in the centro-parietal alpha band in
response to sad, neutral and happy faces (F(1.3,719) = 6.7, p < 0.01) (Figure 2B). Post hoc
comparisons showed that participants with ASPD/CD exhibited a significant increase in
ERO energy in response to sad, neutral and happy faces compared to participants without
ASPD/CD (F’s(1,653) < 14.0, p < 0.005)(Figure 2B). Differences among centro-parietal
alpha ERO energy levels in response to sad, neutral and happy faces were found in
participants without ASPD/CD (F(2,1577) = 53.6, p < 0.004). Post hoc analyses indicated
that centro-parietal alpha ERO energy in response to happy faces was significantly greater
than alpha energy obtained in response to sad and neutral faces (p < 0.05; Figure 2B). Post
hoc tests also showed greater centro-parietal alpha ERO energy in response to neutral than
sad faces in participants without ASPD/CD (p < 0.05; Figure 2B). Differences among
centro-parietal alpha ERO energy in response to the three emotional facial expressions were
also found in participants with ASPD/CD (F(2,389) = 8.1, p < 0.004). Post hoc analyses
showed lower centro-parietal alpha ERO energy in response to sad faces than to neutral and
happy faces (p < 0.05; Figure 2B). No differences in alpha ERO energy were found between
neutral and happy faces (Figure 2B).

Consistent with the ERO findings presented thus far, the h2 estimates for the power of the
centro-parietal alpha band in response to sad, neutral, and happy faces were significantly
greater than 0 suggesting genetic contributions to the measured ERO energies. Although
there were several loci that approached the threshold for suggestive evidence of linkage,
only a single locus yielded a p-value < 0.001 (see Table 2). Centro-parietal alpha energy in
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response to happy faces showed suggestive evidence of linkage to chromosome 1 at 9 cM
(LOD = 2.40, pointwise empirical p = 0.0009).

Two-way repeated measures ANOVA showed a significant Group × Face interaction in the
centro-parietal beta band in response to sad, neutral and happy faces (F(1.8,1044) = 3.4, p <
0.05). In contrast to findings in the centro-parietal alpha band, post hoc comparisons showed
that participants with ASPD/CD only exhibited a significant increase in ERO energy in
response to neutral faces compared to participants without ASPD/CD (F(1,650) = 5.9, p <
0.05; ASPD/CD: 16.6 ± 1.1; No ASPD/CD: 13.6 ± 0.6). No significant associations were
found between ASPD/CD and frontal ERO energy in the delta and theta bands (data not
shown). Linkage analyses were not conducted for delta, theta and beta bands. Time-
frequency representations of grand-mean ERO energy of sad, neutral and happy faces for the
alpha frequency band in the 0 – 250 ms and 400 – 700 ms time windows are illustrated for
centro-parietal regions in Figures 1.

In contrast, two-way repeated measures ANOVA did not show a significant Group × Face
interaction in the frontal alpha band in response to sad, neutral and happy faces. Additional
statistical analyses performed using independent One-way ANOVAs with a Bonferroni
correction (p < 0.008) found that participants with ASPD/CD showed a significant increase
in ERO energy in the frontal alpha band in response to neutral and happy faces relative to
participants without ASPD/CD, but not to sad faces (data not shown). The h2 estimates for
the power of the frontal alpha band in response to sad, neutral, and happy faces were
significantly greater than 0 suggesting genetic contributions to the measured ERO energies.
Although there were several loci that approached the threshold for suggestive evidence of
linkage, no loci yielded a p-value < 0.001 (see Table 2). Notably, the sad and neutral faces,
which did not show a difference between the ASPD/CD and control groups, showed the
strongest linkage evidence, whereas happy faces failed to yield any evidence for linkage. No
significant associations were found between ASPD/CD and frontal ERO energy in the delta,
theta and beta bands (data not shown). Linkage analyses were not conducted for these bands.

4. Discussion
The present investigation extended our initial studies of neurophysiological endophenotypes
in American Indian adults by characterizing the association between ASPD/CD with cortical
EROs and ERPs during a face emotion recognition task. The results indicate that ASPD/CD
participants showed increased alpha ERO energy in centro-parietal leads in the 0 to 250 ms
time window in response to sad, neutral and happy faces when compared to participants
without ASPD/CD. These findings also suggest that ASPD/CD participants exhibited
increased centro-parietal alpha ERO energy in the 400 to 700 ms time window in response
to neutral and happy faces compared to participants without ASPD/CD, but not in response
to sad faces. Together, these findings suggest that cortical alpha ERO energy is increased
among ASPD/CD participants under a variety of conditions during an emotional facial
expression identification task as compared to participants without ASPD/CD. Additionally,
the present study demonstrated that these alpha ERO energy phenotypes show significant
evidence of familial transmission, which coupled with the described group differences,
suggests that these alpha ERO energy phenotypes may serve as useful endophenotypes for
ASPD/CD.

As described, ASPD/CD participants exhibited an increase in centro-parietal alpha ERO
energy in the 400 to 700 ms time window in response to neutral and happy faces, but not sad
faces when compared to controls. It has been proposed that alpha activity may reflect neural
processing that is necessary for attention and memory operations (Kolev et al., 2001;
Maltseva et al., 2000). This notion is supported by evidence that increases in alpha activity

Criado et al. Page 7

J Psychiatr Res. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



are associated with task demands and attention effort (Klimesch et al., 1999, 2000; Spencer
& Polich, 1999). These findings suggest that participants with ASPD/CD in the present
study may have required greater effort to make the detections of emotional facial
expressions. Previous studies have demonstrated that participants with antisocial behaviors
may have reduced accuracy for recognizing emotional facial expressions (Marsh & Blair,
2008), thus differences in response accuracy between studies may be due to task difficulty or
the population under study.

Results from the present study population also showed that participants with ASPD/CD
exhibit changes in alpha ERO energy that are different from recent findings showing an
association between externalizing disorders and delta activity in the time interval of the P2-
N2-P3 ERP (Gilmore et al., 2010). One possible explanation for these contrasting results is
the use of different paradigms to generate the EROs. For instance, Gilmore et al. (2010)
used a rotated-heads visual oddball task that presented two types of visual stimuli (standard
[oval view of head] and target [superior view of head] stimuli) with different probabilities of
occurrence (33.5% and 66.5%, respectively). In contrast, the present study used a face
emotion recognition task that presented three types of visual stimuli (target [happy faces];
non-target [neutral faces]; and, target [sad faces]) with different probabilities of occurrence
(16.7%, 66.6% and 16.7%). While there are some similarities between the P450 component
generated by the face emotion recognition task and the P3b component generated by the
visual oddball task used by Gilmore and colleagues (Gilmore et al., 2010), participants in the
present study had to discriminate among three different emotional facial expressions by
identifying whether a face is sad, neutral or happy. Whether our contrasting findings are due
to the neural responses to the emotional valence of the facial expressions is not known.

Finally, results from the present study suggest that ERO energy in the alpha frequency band
is heritable. Although a follow-up genome-wide linkage analysis failed to detect significant
evidence of genetic linkage for any of these phenotypes, centro-parietal alpha energy in
response to happy faces in the 400–700 ms time window showed suggestive evidence of
linkage to chromosome 1p36.31 (LOD = 2.40). This locus also showed a relation with
centro-parietal alpha energy in response to sad faces in the same time window. This region
was previously implicated in a genome-wide linkage scan of conduct disorder conducted in
the COGA sample (Dick et al., 2004), and together with the findings of the present study,
suggests there may be a genetic locus in this region of chromosome 1 that influences both
ASPD/CD behavior and alpha ERO energy. These results would also seem to support the
conclusion that centro-parietal alpha ERO energy may index the genetic risk underlying
ASPD/CD, and thus serve as a useful endophenotype for ASPD/CD.

The results of this study should be interpreted in the context of several limitations. First, the
findings may not generalize to other ethnic populations. Second, only retrospective and
cross-sectional data on ASPD/CD were assessed. Third, it is notable that participants were
nested within families, but this could not be addressed in the study analyses due to the
extended and varied structure of the family pedigrees. Nonetheless, this represents a
limitation of the present report as correlated data among participants can lead to reduced
standard errors and an increase in Type I error. Despite these limitations, this report
represents an important step in an ongoing investigation to determine genetic and
environmental factors associated with substance use disorders and related psychiatric
disorders in this high risk and understudied ethnic group. Further studies are needed to
determine whether the increase in frontal and centro-parietal alpha ERO energy associated
with the diagnosis of ASPD/CD reflects compensatory activation of neural circuits
associated with the processing of attention and memory operations required to perform the
face emotion recognition task used in the present study.
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Figure 1.
Time-frequency responses of evoked alpha band energy distribution to sad, neutral and
happy faces in participants without ASPD/CD (A, B, C) and with ASPD/CD (D, E, F)
participants at the Pz electrode position. Time-frequency ROI windows (in white squares)
shown were 0 – 250 ms (a) and 400 – 700 ms (b) The inset shows representative ERP grand
averages from participants without ASPD/CD (left) and with ASPD/CD (right) groups in
response to sad, neutral and happy faces.
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Figure 2.
Mean amplitude values of ERO energy for alpha bands in response to sad, neutral and happy
faces in centro-parietal leads. (A). ASPD/CD participants showed an increase in alpha ERO
energy in the 0 – 250 ms time window in response to sad, neutral and happy faces. (B).
ASPD/CD participants showed an increase in alpha ERO energy in the 400 – 700 ms time
window in response to neutral and happy, but not sad faces. Greater alpha ERO energy was
found in response to happy faces than to sad and neutral faces in participants without ASPD/
CD participants. Alpha ERO energy was greater in response to neutral faces than to sad
faces in participants without ASPD/CD. Greater alpha ERO energy was found in response to
happy faces than to sad faces in ASPD/CD participants.* Significant differences between
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participants with and without ASPD/CD; a Significant differences between sad and neutral
faces; b Significant differences between sad and happy faces; c Significant differences
between neutral and happy faces (p < 0.004).
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Table 1

Demographic characteristics of participants in the facial discrimination task as function of a personal history
of ASPD/CD

Demographic
Variable

No ASPD/CD ASPD/CD

Age (years) 32.3 ± 0.6 28.9 ± 1*

Gender (n) a

      Male 191 85

      Female 340 46

Years of education 11.7 ± 0.1 11.2 ± 0.1*

*
p < 0.01

a
The sample contained more female participants than males (females: n = 386, 58%; males: n=276, 42%); p < 0.01.

Values are x̄ ± SEM
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