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Abstract
P3 amplitude reduction (P3-AR) is associated with biological vulnerability to a spectrum of
externalizing (EXT) disorders, such as conduct disorder, antisocial behavior, and substance use
disorders. P3 amplitude, however, can be affected by the context within which it is measured, e.g.
by the position of the target in the sequence of stimuli during an oddball task. We hypothesized
that EXT-related P3-AR may be due to attention or working memory deficits in EXT that would
weaken these stimulus sequence effects. Using a community-based sample of adolescent males,
we examined the relationship between P3 and EXT as a function of the number of standards
preceding the target. Higher EXT was associated with significantly smaller P3 amplitude,
regardless of the number of standards preceding the target. These results suggest that P3-AR in
EXT does not vary as a function of stimulus sequence, further supporting P3-AR as an
endophenotype for EXT disorders.

Keywords
Externalizing; P3; Sequence effects; Context; Endophenotype; Substance use

Reduced amplitude of the P3 event-related potential (ERP) has been associated with
externalizing (EXT) psychopathology (Patrick et al., 2006). EXT represents a latent factor
underlying the common comorbidity among a spectrum of disorders characterized by
behavioral disinhibition, such as substance use disorders (SUDs), attention deficit/
hyperactivity disorder (ADHD), conduct disorder, and antisocial behavior (Kendler,
Prescott, Myers, & Neale, 2003; Krueger et al., 2002; Young, Stallings, Corley, Krauter, &
Hewitt, 2000). Shared genetic effects account for the association between EXT and P3
amplitude reduction (P3-AR; Hicks et al., 2007), supporting the hypothesis that P3-AR is an
endophenotype for general vulnerability to the spectrum of externalizing disorders. Little is
known, however, about the mechanism underlying the P3-EXT effect. For example, does
P3-AR stem from a core dysfunction in EXT, or might P3-AR depend in part on the context
within which it is measured?

The sequence of standard stimuli preceding a target in the oddball task is a contextual
variable that has been shown to affect the amplitude of P3. P3 amplitude tends to increase as
the number of standards preceding a target increases (Gilmore, Clementz, & Buckley, 2005;
Kilpelainen et al., 1999; Leuthold & Sommer, 1993; Polich & Bondurant, 1997; Squires,
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Wickens, Squires, & Donchin, 1976; Stadler, Klimesch, Pouthas, & Ragot, 2006). Variation
in P3 amplitude reflects attentional allocation to stimulus processing and the updating of
working memory for preceding stimulus events (Curry & Polich, 1992; Donchin, 1981;
Polich, 1989; Putnam & Roth, 1990). Targets occurring after a long string of standards
evoke a larger P3 because memory for the preceding stimuli has not been recently updated
(Gonsalvez et al., 1999; Johnson & Donchin, 1982). Further, during the oddball task,
subjective expectancies about the probability of a particular stimulus occurring are formed,
which, in turn, modulates the attentional resources allocated to stimulus processing
(Duncan-Johnson & Donchin, 1977; Duncan-Johnson, Roth, & Kopell, 1984; Gill & Polich,
2002; Matt, Leuthold, & Sommer, 1992). Thus, working memory updating processes and
variable attention allocation based on subjective expectancies work in concert to
differentially affect P3 amplitude as a function of stimulus sequence.

The ability to effectively utilize context during the oddball task underlies the P3 sequence
effects found in normal participants. Contextual processing refers to actively holding
information in mind in such a form that it can be used to mediate task appropriate behavior –
a cognitive function that has been associated with attention and working memory processes
(Cohen, Barch, Carter, & Servan-Schreiber, 1999; Cohen & Servan-Schreiber, 1992).
Diminished attentional capacity and control and working memory capacity have been
associated with externalizing-spectrum disorders (Barnett, Maruff, & Vance, 2009; Bogg &
Finn, 2010; Finn & Hall, 2004; Harden & Pihl, 1995). The ability to effectively utilize
context, then, may be compromised in EXT, which would manifest in atypical P3-related
stimulus sequence effects (e.g. P3 in EXT may differ from controls for targets following a
long string of standards, but not for targets following a short string of standards). The
question is whether factors related to compromised contextual processing, such as
inattention or decreased motivation and vigilance, might affect P3-AR in EXT.

The present report investigated how P3-AR in EXT varies with stimulus sequence pattern in
the oddball task. The relationship between P3 and EXT was examined as a function of the
number of standards preceding the target.

Methods
Participants

Participants were 499 male youths (Mean age = 17.5 years, SD = 0.4) from the older cohort
of the Minnesota Twin Family Study (MTFS), a longitudinal and epidemiological study
investigating the development of substance use disorders and related psychopathology. A
comprehensive description of the MTFS is found in Iacono & McGue (2002). All
participants and their parents gave written informed assent or consent as appropriate.

Diagnostic Assessment
Lifetime presence of DSM-III-R (American Psychiatric Association, 1987) disorders, the
diagnostic system in place at the time the present cohort of participants were assessed, was
determined via in-person, structured interviews by trained clinical interviewers. Symptoms
of nicotine dependence, alcohol dependence, and illicit drug dependence were assessed
using an expanded version of the Substance Abuse Module of the Composite International
Diagnostic Interview (Robins, Babor, & Cottler, 1987). An interview designed by MTFS
staff (Holdcraft, Iacono, & McGue, 1998) was used to assess symptoms of conduct disorder
and adult antisocial behavior (i.e., the adult criteria for Antisocial Personality Disorder).
Mothers of the twins reported on the substance use and childhood antisocial behaviors of
each twin through interviews using the parent version of the Diagnostic Interview for
Children and Adolescents (Reich, 2000). Symptoms were assigned on the basis of a
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consensus, “best-estimate” approach (Leckman, Scholomskas, Thompson, Belanger, &
Weisman, 1982) combining mother and twin interview data.

Our measure of Externalizing consisted of the first principal component (which accounted
for 59% of the variance) of the log-transformed symptom counts of conduct disorder, adult
antisocial behavior, alcohol abuse/dependence, nicotine dependence, and illicit drug abuse/
dependence (c.f. Hicks, et al., 2007; Patrick, et al., 2006).

Psychophysiological Assessment
A rotated-heads visual oddball task (Begleiter et al., 1984) was used. Each of the 240 stimuli
comprising the task was presented on a computer screen for 98 ms, with the inter-trial
interval, during which subjects fixated on a dot in the center of the screen, varying randomly
between 1 and 2 seconds. Two-thirds of the trials consisted of a plain oval, to which no
response was required. On the remaining third of the trials, participants saw a superior view
of a stylized head, in which a nose and one ear were depicted on the oval. Subjects were
required to respond to these “target” trials by pressing a button on either the left or right
armrest of their chair, corresponding to the side of the head on which the ear appeared. On
half the target trials the nose pointed up (such that the left ear appeared on the left side of the
screen; an easy discrimination), while on the other half of target trials the head was rotated
180° so that the nose pointed down (left ear appeared on the right side of the screen; a hard
discrimination).

Electroencephalographic (EEG) data acquisition—A Grass model 12A Neurodata
Acquisition System recorded EEG and electrooculographic (EOG) data at a sampling rate of
256 Hz and filtered from 0.01–30 Hz (6 dB/octave rolloff). EEG, referenced to linked
earlobes, was recorded from three parietal electrodes: on the midline at Pz, and over left and
right hemispheres at P3 and P4, respectively. EOG was recorded using a pair of biopotential
electrodes, one electrode placed superior to the eye and the other at the outer canthus.
Impedances were kept below 5 kΩ for EEG and below 10 kΩ for EOG.

EEG data processing and reduction—Blinks and other ocular artifacts were corrected
using the method of Gratton, Coles, and Donchin (1983). Trials consisted of 2 s of data,
including a 500 ms prestimulus baseline. Trials with activity >100 μV were excluded from
further processing. Averaged ERPs to targets were constructed separately according to the
number of standards preceding the target: 1, 2, 3, or 4. P3 amplitude was defined as the point
between 280 and 600 ms at which amplitude of the average waveform was maximal. Current
analyses were performed on ERPs only from the Pz electrode and averaged over easy/hard
target conditions.

Data Analysis
We fit a general linear model in which continuous scores on the EXT factor was the
between-subjects variable, the number of standards preceding the target (1, 2, 3, or 4) the
within-subjects variable, and P3 amplitude was the dependent variable. We also performed
this analysis with P3 latency as the dependent variable. Because twins violate the
assumption of independence of observations, we used Generalized Estimating Equations in
SAS PROC GENMOD. These take into account the nested nature of the sample and produce
appropriate standard errors. We conducted a Type 3 analysis, which is similar to the
standard ANOVA Type III sums of squares used in PROC GLM, except that likelihood
ratios are used instead of sums of squares. This procedure produces a chi-square statistic for
each effect.
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Results
For P3 amplitude, there was a significant main effect of externalizing (χ2 (1; N = 275) = 5.54,
p = .019), wherein higher EXT was associated with significantly smaller P3 amplitude. The
main effect of number of standards was significant, χ2 (3; N = 275) = 51.29, p < .0001. The
greater the number of standards preceding the target, the larger the resulting P3 amplitude,
with P3 increasing 1.5 μV as the number of preceding standards varied from 1 to 4 (the
respective P3 amplitudes were 16.2, 16.9, 17.4, and 17.7 μV). A linear contrast of means
was highly significant (p < .0001), whereas a quadratic contrast was not (p = .613). There
was no interaction between EXT and number of standards. Higher EXT was associated with
smaller P3 amplitude, and this relationship remained regardless of the number of standards
preceding the target. Figure 1 illustrates this effect by comparing average ERPs for
participants in the upper and lower deciles of the distribution of EXT factor scores,
collapsing over “early” occurring targets (those preceded by 1 or 2 standards) and “late”
targets (those preceded by 3 or 4 standards).

For P3 latency, the main effect of the number of standards preceding the target was also
significant (χ2 (3; N = 275) = 12.71, p = .005). In general, when more standards preceded the
target, latency was shorter (mean latencies were 448.8, 449.5, 445.1, and 445.9 ms,
respectively, for the different conditions). However, this was not moderated by EXT
(χ2 (3; N = 275) = 1.28, p = .734) nor was there a main effect of EXT (χ2 (1; N = 275) = 0.30, p
= .584), in contrast to the findings for amplitude.

In order to further address the possibility that the relationship between P3 amplitude and
EXT may reflect the fact that the task was more difficult for those higher in EXT or that
they were less engaged in it, we also examined reaction time (RT) and a measure of
discrimination accuracy. We performed correlations 1) between EXT and mean RT and 2)
between EXT and d-prime. There were small, non-significant positive correlations between
EXT and RT for both easy (r = .065) and hard (r = .058) target conditions (both p values ≥ .
150). There was a small, non-significant negative correlation between EXT and d-prime (r =
−.012, p = .716).

Discussion
The present report demonstrated that P3-AR in EXT was not affected by stimulus sequence
effects. As expected, P3 amplitude increased as the number of standards preceding the target
increased. P3-AR, however, remained associated with EXT regardless of the number of
standards that preceded the target.

The finding that P3-related sequence effects are normal in those with an EXT disorder
suggests that such individuals are able to effectively utilize context during the oddball task
to form subjective expectancies about the probability of a target occurring. This ability to
utilize context occurs despite previous findings of diminished attention and working
memory abilities in EXT spectrum disorders (e.g. Barnett, et al., 2009; Bogg & Finn, 2010;
Finn, 2002). It may be the case, however, that the oddball task is relatively easy, such that
those with an externalizing disorder can compensate for the relatively low working memory
and attention requirements. Previous studies showing compromised working memory and
attention abilities in EXT disorders have used comparably more difficult measures, e.g. the
Digit Span, Operation-Word Span, Spatial Span, and Auditory Consonant Trigram tests
(Barnett, et al., 2009; Bogg & Finn, 2010; Finn, 2002). Thus, while the underlying
neurophysiology responsible for P3-AR in EXT may be compromised, the concomitant
executive functioning abnormalities may not be manifested unless the related cognitive
systems are sufficiently taxed. This interpretation is consistent with other studies showing
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abnormal brain activity alongside normal task performance in EXT spectrum disorders (e.g.
Caldwell et al., 2005; Tapert et al., 2004).

Our finding that the P3-AR effect was not secondary to a contextual processing deficit also
rules out another possible explanation for why P3-AR is associated with EXT. We found
that all participants, including those high in EXT, showed the expected association between
the number of standards preceding a target and P3 amplitude. This finding, along with our
results showing no significant relationship between EXT and either reaction time or task
performance, indicates that all participants were effectively engaged in the task, paying
attention and processing the stimuli. Hence, the P3-AR effect cannot easily be attributable to
uncooperativeness, poor motivation, or superficial inattention. Thus, P3-AR appears to tap a
core dysfunction, lending further support to its status as an endophenotype indexing genetic
risk for EXT.

Acknowledgments
This research was supported by grants DA 05147, DA 13240, DA 024417, and AA 015621 from the National
Institutes of Health.

References
American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 3.

Washington, D.C: Author; 1987. rev

Barnett R, Maruff P, Vance A. Neurocognitive function in attention-deficit-hyperactivity disorder with
and without comorbid disruptive behaviour disorders. Aust N Z J Psychiatry. 2009; 43(8):722–730.
913245659 [pii]. 10.1080/00048670903001927 [PubMed: 19629793]

Bogg T, Finn PR. A self-regulatory model of behavioral disinhibition in late adolescence: integrating
personality traits, externalizing psychopathology, and cognitive capacity. J Pers. 2010; 78(2):441–
470. JOPY622 [pii]. 10.1111/j.1467–6494.2010.00622.x [PubMed: 20433626]

Caldwell LC, Schweinsburg AD, Nagel BJ, Barlett VC, Brown SA, Tapert SF. Gender and adolescent
alcohol use disorders on BOLD (blood oxygen level dependent) response to spatial working
memory. Alcohol Alcohol. 2005; 40(3):194–200. agh134 [pii]. 10.1093/alcalc/agh134 [PubMed:
15668210]

Cohen JD, Barch DM, Carter C, Servan-Schreiber D. Context-processing deficits in schizophrenia:
converging evidence from three theoretically motivated cognitive tasks. J Abnorm Psychol. 1999;
108(1):120–133. [PubMed: 10066998]

Cohen JD, Servan-Schreiber D. Context, cortex, and dopamine: a connectionist approach to behavior
and biology in schizophrenia. Psychol Rev. 1992; 99(1):45–77. [PubMed: 1546118]

Duncan-Johnson CC, Donchin E. On quantifying surprise: the variation of event-related potentials
with subjective probability. Psychophysiology. 1977; 14(5):456–467. [PubMed: 905483]

Duncan-Johnson CC, Roth WT, Kopell BS. Effects of stimulus sequence on P300 and reaction time in
schizophrenics. A preliminary report. Ann N Y Acad Sci. 1984; 425:570–577. [PubMed: 6588876]

Finn PR. Motivation, working memory, and decision making: a cognitive-motivational theory of
personality vulnerability to alcoholism. Behav Cogn Neurosci Rev. 2002; 1(3):183–205. [PubMed:
17715592]

Finn PR, Hall J. Cognitive ability and risk for alcoholism: short-term memory capacity and
intelligence moderate personality risk for alcohol problems. J Abnorm Psychol. 2004; 113(4):569–
581. 2004-20178-008 [pii]. 10.1037/0021-843X.113.4.569 [PubMed: 15535789]

Gill O, Polich J. P300 stimulus sequence effects in children and adults. Percept Mot Skills. 2002;
94(2):509–520. [PubMed: 12027347]

Gilmore CS, Clementz BA, Buckley PF. Stimulus sequence affects schizophrenia-normal differences
in event processing during an auditory oddball task. Brain Res Cogn Brain Res. 2005; 24(2):215–
227. S0926-6410(05)00037-6 [pii]. 10.1016/j.cogbrainres.2005.01.020 [PubMed: 15993760]

Gilmore et al. Page 5

Psychophysiology. Author manuscript; available in PMC 2013 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Gonsalvez CJ, Gordon E, Grayson S, Barry RJ, Lazzaro I, Bahramali H. Is the target-to-target interval
a critical determinant of P3 amplitude? Psychophysiology. 1999; 36(5):643–654. [PubMed:
10442033]

Gratton G, Coles MG, Donchin E. A new method for off-line removal of ocular artifact.
Electroencephalogr Clin Neurophysiol. 1983; 55(4):468–484. [PubMed: 6187540]

Harden PW, Pihl RO. Cognitive function, cardiovascular reactivity, and behavior in boys at high risk
for alcoholism. J Abnorm Psychol. 1995; 104(1):94–103. [PubMed: 7897058]

Hicks BM, Bernat E, Malone SM, Iacono WG, Patrick CJ, Krueger RF. Genes mediate the association
between P3 amplitude and externalizing disorders. Psychophysiology. 2007; 44(1):98–105.
[PubMed: 17241145]

Holdcraft LC, Iacono WG, McGue MK. Antisocial Personality Disorder and depression in relation to
alcoholism: a community-based sample. J Stud Alcohol. 1998; 59(2):222–226. [PubMed:
9500310]

Iacono WG, McGue M. Minnesota Twin Family Study. Twin Res. 2002; 5(5):482–487. [PubMed:
12537881]

Johnson R Jr, Donchin E. Sequential expectancies and decision making in a changing environment: an
electrophysiological approach. Psychophysiology. 1982; 19(2):183–200. [PubMed: 7071298]

Kendler KS, Prescott CA, Myers J, Neale MC. The structure of genetic and environmental risk factors
for common psychiatric and substance use disorders in men and women. Arch Gen Psychiatry.
2003; 60(9):929–937. [PubMed: 12963675]

Kilpelainen R, Koistinen A, Kononen M, Herrgard E, Partanen J, Karhu J. P300 sequence effects
differ between children and adults for auditory stimuli. Psychophysiology. 1999; 36(3):343–350.
[PubMed: 10352558]

Krueger RF, Hicks BM, Patrick CJ, Carlson SR, Iacono WG, McGue M. Etiologic connections among
substance dependence, antisocial behavior, and personality: modeling the externalizing spectrum. J
Abnorm Psychol. 2002; 111(3):411–424. [PubMed: 12150417]

Leckman JF, Scholomskas D, Thompson WD, Belanger A, Weisman MM. Best estimate of lifetime
psychiatric diagnosis: A methodlogical study. Archives of General Psychiatry. 1982; 39:879–883.
[PubMed: 7103676]

Leuthold H, Sommer W. Stimulus presentation rate dissociates sequential effects in event-related
potentials and reaction times. Psychophysiology. 1993; 30(5):510–517. [PubMed: 8416077]

Matt J, Leuthold H, Sommer W. Differential effects of voluntary expectancies on reaction times and
event-related potentials: evidence for automatic and controlled expectancies. J Exp Psychol Learn
Mem Cogn. 1992; 18(4):810–822. [PubMed: 1385618]

Patrick CJ, Bernat EM, Malone SM, Iacono WG, Krueger RF, McGue M. P300 amplitude as an
indicator of externalizing in adolescent males. Psychophysiology. 2006; 43(1):84–92. [PubMed:
16629688]

Polich J, Bondurant T. P300 sequence effects, probability, and interstimulus interval. Physiol Behav.
1997; 61(6):843–849. S0031938496005641 [pii]. [PubMed: 9177555]

Reich W. Diagnostic interview for children and adolescents (DICA). Journal of the American
Academy of Child & Adolescent Psychiatry. 2000; 39:59–66. [PubMed: 10638068]

Robins, LN.; Babor, TF.; Cottler, LB. Composite International Diagnostic Interview: Expanded
Substance Abuse Module. St. Louis: Authors; 1987.

Squires KC, Wickens C, Squires NK, Donchin E. The effect of stimulus sequence on the waveform of
the cortical event-related potential. Science. 1976; 193(4258):1142–1146. [PubMed: 959831]

Stadler W, Klimesch W, Pouthas V, Ragot R. Differential effects of the stimulus sequence on CNV
and P300. Brain Res. 2006; 1123(1):157–167. S0006-8993(06)02677-1 [pii]. 10.1016/j.brainres.
2006.09.040 [PubMed: 17081506]

Tapert SF, Schweinsburg AD, Barlett VC, Brown SA, Frank LR, Brown GG. Blood oxygen level
dependent response and spatial working memory in adolescents with alcohol use disorders.
Alcohol Clin Exp Res. 2004; 28(10):1577–1586. 00000374-200410000-00019 [pii]. [PubMed:
15597092]

Young SE, Stallings MC, Corley RP, Krauter KS, Hewitt JK. Genetic and environmental influences on
behavioral disinhibition. Am J Med Genet. 2000; 96(5):684–695. [PubMed: 11054778]

Gilmore et al. Page 6

Psychophysiology. Author manuscript; available in PMC 2013 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Averaged target ERPs for participants in the upper (EXT) and lower (noEXT) deciles of the
distribution of EXT factor scores, collapsing over “early” occurring targets (those preceded
by 1 or 2 standards) and “late” targets (those preceded by 3 or 4 standards).
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