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Abstract
Studies have demonstrated ERP abnormalities related to concentration difficulties in post-
traumatic stress disorder (PTSD). We used an identical-twin, case-control design to investigate
whether these abnormalities reflect pre-trauma vulnerability or the acquired consequence of
PTSD. Vietnam combat veterans and their non-combat-exposed, identical twins completed a
three-tone oddball task. Veterans with PTSD had delayed target N2 latencies compared to veterans
without PTSD. In a small non-medicated, non-smoking subsample, veterans with PTSD also had
significantly diminished target P3b amplitudes. A mixed-model, random-effects analysis on the
non-medicated, non-smoking subsample that included the combat-unexposed co-twins showed a
significant Diagnosis × combat Exposure interaction for target P3b amplitude. Results replicate
increased N2 latency and diminished P3b amplitude in PTSD and suggest that diminished P3b
amplitude is an acquired condition in PTSD.
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Over the last decade, a number of electrophysiologic studies have found that individuals
with posttraumatic stress disorder (PTSD) show abnormal brain processing of neutral stimuli
that are unrelated to traumatic events (for a review see Karl, Malta, & Maercker, 2006). In
an initial study, McFarlane, Weber, and Clark (1993) measured event-related potentials
(ERPs) during a three-tone auditory “oddball” task (Pfefferbaum et al., 1990) and reported
that PTSD patients demonstrated delayed N2 and diminished P3b components to target

Corresponding author: Dr. Orr at the Department of Veterans Affairs Medical Center, Research Service (151), 718 Smyth Rd,
Manchester, NH 03104, Phone (603) 624-4366 x6733, FAX (603) 629-3265, scott.orr@va.gov.
fDeceased
Vietnam Era Twin Registry/Seattle Epidemiologic Research and Information Center, VA Puget Sound Health Care System, Seattle,
WA.

Financial Disclosures. Ms. Veltmeyer and Drs. Metzger, Clark, McFarlane, Lasko, Orr, and Pitman declare no possible conflict of
interest, financial or otherwise, related directly or indirectly to the submitted work.

This article is dedicated to the memory of one of its authors, Dr. Stephen Paige.

NIH Public Access
Author Manuscript
Psychophysiology. Author manuscript; available in PMC 2013 October 25.

Published in final edited form as:
Psychophysiology. 2009 January ; 46(1): . doi:10.1111/j.1469-8986.2008.00720.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



stimuli compared to healthy, non-traumatized control participants. These ERP components
are thought to reflect brain activity associated with the voluntary engagement of attention
toward task-relevant events. Specifically, delayed N2 latency to target stimuli suggests a
slowing in the neural systems concerned with the detection and redirection of attention
towards environmental change. Reduced P3b amplitude purportedly reflects a reduction in
the attentional resources allocated towards stimulus processing (Polich, 2003), which may
be related to motivational (Ford, 1999; Friedman, 1990) in addition to cognitive factors. The
presence of these abnormalities suggests that PTSD is associated with a general information
processing abnormality that extends beyond the processing of traumatic memories and
threatening environmental stimuli (Grossman, Buchsbaum, & Yehuda, 2002). These
abnormalities provide electrophysiological support for the DSM-IV (American Psychiatric
Association, 1994) PTSD symptom of disturbed concentration (D.3).

Although delayed N2 latency has not been replicated in PTSD, most (Charles et al., 1995;
Metzger, Orr, Lasko, Berry, & Pitman, 1997a; Metzger, Orr, Lasko, & Pitman, 1997b; Araki
et al., 2005), but not all (Kimble, Kaloupek, Kaufman, & Deldin, 2000; Neylan et al., 2003;
Metzger et al., 2002) subsequent studies have found further evidence for diminished
auditory P3b amplitude in individuals with PTSD. In meta-analytic review, Karl and
colleagues (Karl et al., 2006) summarized study findings of parietal P3b amplitude in PTSD
by calculating the overall mean weighted effect size r for two homogenous study
subsamples, i.e., those comparing PTSD patients with trauma-exposed vs. non-trauma-
exposed comparison groups. Meta-analysis of three studies (N = 56) using a trauma-
exposed, and two studies (N = 71) using a non-trauma-exposed, control group each yielded
medium effect sizes (r = −.40 and −.31, respectively), with support for overall significantly
smaller P3b amplitude in PTSD patients. Only a single study of female Vietnam nurse
veterans has reported significantly larger, rather than smaller, P3b amplitudes in individuals
with PTSD (Metzger et al., 2002). The authors speculate that these anomalous findings
might reflect an effort-related overcompensation in this unique sample of highly functioning
and motivated PTSD patients. It has also been suggested that heightened P3b amplitude may
be a trait marker for anxiety as individuals with anxiety disorders have been found to exhibit
abnormally increased P3b amplitudes (Enoch, White, Harris, Rohrbaugh, & Goldman,
2001). Finally, there is some evidence that psychotropic medication normalizes the P3b
component in PTSD (Metzger et al., 1997b), as reported for other clinical disorders (Sanz,
Molina, Martin-Loeches, Calcedo, & Rubia, 2001).

N2 latency and P3b amplitude abnormalities are by no means specific to PTSD. Delayed N2
latencies have been observed in both psychiatric (e.g. depression, alcoholism, and
schizophrenia [Sandman, Gerner, O’Halloran, & Isenhart, 1987]) and neurological (e.g.,
Huntington’s [Hömberg et al., 1986], Parkinson’s and Alzheimer’s [Goodman, & Aminoff,
1985; Holt et al., 1995]) disorders. Similarly, reduced P3b amplitudes have been found in
depressive (Bruder et al., 1995; Diner, Holcomb, & Dykman, 1985), obsessive-compulsive
(Beech, Ciesielski, & Gordon, 1983; Ciesielski, Beech, & Gordon, 1981), attention-
deficit(Klorman, Brumaghim, Borgsted, & Salzman, 1991), learning (Lubar, Gros, Shively,
& Mann, 1990; Dainer et al., 1981) and reading (Holcomb, Ackerman, & Dykman, 1985)
disorders, schizophrenia (Ford, 1999), alcoholism (Carlson, Ianoco, & McGue, 2002), and
head injury (Clark, O’Hanlon, Wright, & Geffen, 1992). Smaller P3b amplitudes have also
been found in tobacco smokers (Anokhin et al., 2000). Although the clinical nonspecificity
of P3b abnormalities limits its diagnostic utility, the strength of this ERP component may be
as an index for measuring and tracking changes in general cognitive efficiency associated
with psychopathology (Polich & Herbst, 2000).

Studies comparing ERP responses in monozygotic versus dizygotic twin pairs indicate that
P3b amplitude is under partial genetic control (Katsanis, Ianoco, McGue, & Carlson, 1997).
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Importantly, both P3b and N2 ERP abnormalities might serve as vulnerability markers for
neurological and/or psychiatric disorders. Studies have found evidence of delayed N2
latency in first-degree relatives of persons with Huntington’s disease (Hömberg et al., 1986)
and reduced P3b amplitude in first-degree relatives of persons with alcoholism (Carlson et
al., 2002) and schizophrenia (Kidogami, Yoneda, Asaba, & Sakai, 1991; Saitoh et al., 1984).
One study of adolescent twins concordant or discordant for alcohol use disorders yielded
results consistent with P3b amplitude as a vulnerability marker for alcoholism (Carlson et
al., 2002).

PTSD is among the few mental disorders with a formally recognized etiology, in this case a
psychologically traumatic event. At issue is whether abnormalities found to be associated
with PTSD represent pre-trauma vulnerability factors for psychiatric symptoms following
traumatic exposure, or acquired signs that develop after traumatic exposure. Although a
longitudinal research design would be the choice methodology for investigating these
competing interpretations, such studies are difficult because they require pre- and post-
trauma assessments on individuals who may or may not come to be exposed to trauma, may
or may not go on to develop PTSD, and may or may not be lost to follow-up. A second
strategy to elucidate the pre vs. post-trauma origin of PTSD abnormalities is to use an
identical twin, case-control design in which a non-trauma-exposed identical twin serves as a
surrogate for what the trauma-exposed person would be like in absence of the traumatic
experience (e.g., pre-trauma). Specifically, the non-trauma-exposed twin surrogate shares
the genetic makeup of the trauma-exposed twin and much of the early developmental
environment, but not the effects of trauma. The present study was conducted as part of a
larger scale twin study of Vietnam combat veterans and their non-combat-exposed, identical
twins (Orr et al., 2003). Here we investigated whether predicted ERP abnormalities found in
combat veterans with PTSD would also be present in their identical co-twins who had not
served in combat.

Methods
Participants

The participants were drawn from a pool of individuals who participated in a previously
described study of heart rate responses to loud tones (Orr et al., 2003). A full description of
the recruitment sources and strategy, and characteristics of the participant population, has
already appeared in that report. That study’s sample consisted of 103 male monozygotic
twin pairs, in which one twin served in combat in Vietnam and his co-twin did not.
Exclusion criteria for twin pairs included the following in one or both members: a.) past but
not current Vietnam-related PTSD; b.) current non-Vietnam related PTSD; c.) past non-
Vietnam related PTSD for participants who never met criteria for Vietnam-related PTSD;
and d.) current or past schizophrenic, paranoid, bipolar I, or other psychotic disorder. Single
or both members of a twin pair were also excluded in subsidiary analyses if they used
psychotropic or other potentially confounding medications or substances, or smoking
tobacco, during the month prior to testing. It was necessary to include non-medicated
singletons in order to maintain statistical power in this rare and unique sample. The study
design included four groups of participants allocated within two factors. Twin pairs were
classified according to the combat-exposed twin’s PTSD Diagnosis, viz., current, combat-
related PTSD (P+) or non- (i.e., never had) combat-related PTSD (P−). Each pair contained
two Exposure levels: combat-exposed (Ex) and non-combat exposed (Ux). Thus, there were
four participant groups: combat-exposed twin with PTSD (ExP+), combat-exposed twin
without PTSD (ExP−), (high-risk) combat-unexposed co-twin of twin with PTSD (UxP+),
and (low-risk) combat-unexposed co-twin of twin without PTSD (UxP−). Sample and
subsample sizes are listed in the Table. For tests of the origin of ERP abnormalities, a
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statistical approach was used that is capable of handling missing data in one member of a
twin pair (see below).

All participants completed the three-tone auditory oddball task used in previous studies (e.g.,
McFarlane et al., 1993; Metzger et al., 1997a, 1997b, 2002). The task parameters, data
acquisition and scoring were identical to that used in the study of female Vietnam nurse
veterans (Metzger et al., 2002; Psychophysiology). The research protocol was approved by
the institutional review board of the Manchester, NH VA Medical Center. Written informed
consent was obtained from each participant after the procedures had been fully explained.

Psychodiagnostics and Self-reports
The Clinician Administered PTSD Scale: Current and Lifetime Diagnosis Version (CAPS-
DX) (Blake et al., 1995; Weathers, Keane, & Davidson, 2001) was administered to
determine the presence or absence of combat-related PTSD in the combat-exposed twins.
Self-reports included the 35-item Mississippi Scale for Combat-Related PTSD (Keane,
Caddell, & Taylor, 1988) and an 18-item Combat Severity Scale (Janes, Goldberg, Eisen, &
True, 1991). Each participant completed a Stressful Life Events Checklist (unpublished,
available upon request) designed to quantify the number of lifetime (non-combat)
experiences that potentially met the DSM-IV A.1 (stressor) and A.2 (response) criteria.

Procedure
Each participant completed a three-tone target detection task adapted from Pfefferbaum and
colleagues (Pfefferbaum, Wenegrat, Ford, Roth, & Kopell, 1984) that required the
identification of infrequently presented target tones (2000-Hz) embedded in a series of
equally infrequent distractor (500-Hz) and frequent common tones (1000-Hz). There were
285 stimulus presentations involving 40 target, 40 distractor, and 205 common tones. Tones
were presented in a pseudorandom order such that no two infrequent tones occurred
consecutively. The inter-stimulus interval ranged randomly between 1950 to 2050 ms.
Auditory stimuli were generated by STIM software (Neuro Scan, Inc) and were of 70 dB
intensity with 10-msec rise and fall times and 70 msec duration. Tones were presented
binaurally over E-A-RTONE (Aearo Company) insert earphones.

The testing took place in a sound-attenuated room connected via wires to an adjoining
portion of the laboratory in which the experimental apparatus was located. Participants were
seated upright for the testing procedure in a comfortable armchair and fitted with earphones.
They were instructed as follows: “In this session you will hear a series of tones. The series is
made-up of three distinct tones, that is, a low-, medium-, and high-pitch tone. They will not
occur in any particular order. Please press the black button as quickly as you can, without
compromising accuracy, whenever you hear the high-pitch tone. It is important that you
remain as quiet and as relaxed as possible with your eyes closed throughout the entire
procedure.”

Dependent measures included central N2 latency and parietal P3b amplitude to target
stimuli. We selected the parietal site for P3b measurement because this is where it is
maximal and most heritable (Ramachandran, Porjesz, Begleiter, & Litke, 1996). The central
site was selected for N2 latency because our previous work suggests that N2 has a
frontocentral distribution and is larger for targets than distractors at Cz (McFarlane et al.,
1993). Electroencephalogram (EEG) activity was recorded from midline sites (Fz, Cz, and
Pz; 10–20 System (Jasper, 1958) using tin electrodes embedded in a nylon cap (Electro-Cap
International), referenced to linked earlobes, and grounded at the forehead.
Electrooculogram (EOG) activity was recorded at the outer canthus and infraorbitally to the
left eye. Impedances were kept below 5 KOhms and approximately equal. Signals were
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amplified (Coulbourn High Gain Bioamplifiers), filtered (0.1–150 Hz), and digitally
sampled at 1000 Hz (Neuro Scan, Inc), with a resultant signal sensitivity of 0.049 µV/bit.
The EEG was epoched from 100 ms pre-stimulus to 900 ms post-stimulus, averaged at each
site according to stimulus type, and digitally bandpass-filtered between 0.1 and 14 Hz (12
dB/Oc). Trials with excessive eye-movement artefact (EOG range ±85 µV) or associated
with incorrect behavioral responses were excluded from the averaging process.

Scoring of ERP Components and Statistical Analysis
Peak amplitude measures for P3b were determined at the Pz site from each participant's
averaged target waveform. P3b was defined as the most positive point between 300–500 ms
post-stimulus onset. By convention (e.g., McFarlane et al., 1993; Metzger et al., 1997), N2
latency to targets was derived from difference waveforms obtained by subtracting the ERP
waveform for common tones from the ERP waveform for target tones. N2 was defined as
the most negative point between 200–325 ms preceding the P3b component at the Cz site.

To test whether results obtained in the combat veterans replicated earlier findings,
independent Student’s t-tests were performed to determine the significance of differences
between ExP+ and ExP− groups. Analyses of N2 latency were performed on the full sample
of participants. However, based upon our previous results in combat-exposed Vietnam
veteran singletons (Metzger et al., 1997b), analyses of P3b amplitude was performed a priori
on a subsample of participants who were non-medicated and who had a negative urine
screen for substances of abuse. For reasons explained below, subsidiary analyses of P3b
amplitude were also limited to non-tobacco smoking participants.

Second, to examine the origin of any group differences in the ExP+ vs. ExP-participants, the
data from all four groups (ExP+, UxP+, ExP−, UxP−) were analyzed by means of a mixed
model that treated Diagnosis as a between-pairs fixed effect, Exposure as a within-pairs
fixed effect(repeated measure), and pairs as a random effect (Little, Miliken, Stroup, &
Wolfinger, 1996). The model is capable of handling missing data in one member of a twin
pair. It yields a t statistic for each main effect and the interaction. If a dependent variable
represents a vulnerability factor for PTSD, the model predicts a significant Diagnosis main
effect. If, on the other hand, a dependent variable represents an acquired PTSD sign, the
model predicts a significant Diagnosis by Exposure interaction. Because of the clear
directionality of the ERP hypotheses (N2 latency greater, and P3b amplitude less, in PTSD
vs. non-PTSD pairs, and in combat-exposed vs. –unexposed twins), p values from these
analyses are one-tailed.

Results
Demographic, Self-report, and Reaction Time Data: Full Sample

Group means and standard deviations (SDs) for demographic, self-report, and dependent
measures for the full sample of combat-exposed and -unexposed co-twins are presented in
the Table. Student’s t comparisons between the ExP+ and ExP− groups in the full sample
indicated no significant differences between the combat-exposed groups in age (t(82) = 1.0,
p = .33), months spent in Vietnam (t(77) = 0.4, p = .69), or reaction times to the target
stimuli (t(78) = 0.3, p = .80). However, participants in the ExP+ group reported significantly
greater combat severity (t(82) = 6.4, p < .001) and had significantly more severe PTSD
symptoms as measured by the CAPS (t(80) = 21.1, p < .001) and the Mississippi Scale (t(82)
= 10.9, p < .001) than the ExP− group.
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Demographic, Self-report, and Reaction Time Data: Non-Medicated, Non-Smoking
Subsample

Group means and standard deviations (SDs) for demographic, self-report, and dependent
measures for the non-medicated, non-smoking subsample of combat-exposed and -
unexposed co-twins are presented in the Table. Student’s t comparisons between the ExP+
and ExP− subsamples indicated no significant differences between the combatexposed
groups in age (t(27) = −1.3, p = .21) or months spent in Vietnam (t(23) = 1.1, p = .28).
However, participants in the ExP+ group reported significantly greater combat severity
(t(27) = 3.7, p = .01) and had significantly more severe PTSD symptoms as measured by the
CAPS (t(27) = 11.8, p < .001) and the Mississippi Scale (t(27) = 5.6, p < .001) than the ExP
− group.

Examination of reaction times to target stimuli for the non-medicated, non-smoking
subsamples yielded the following results. An ExP+ versus ExP− contrast produced Student’s
t(25) = 1.0, p = 0.31 (effect size, Cohen’s d = .44; weighted by sample size). The mixed
model yielded: for Diagnosis t = 0.5, p = 0.62; for Exposure t = 0.8, p = 0.45; for Diagnosis
× Exposure t = 1.8, p = 0.08. A comparison between the ExP+ versus UxP+ subsamples
indicated a near-significant trend for a longer mean reaction time in the ExP+ group: t = 1.9,
p = 0.07 (effect size, Cohen’s d = 1.0; weighted by subsample size).

Target N2 Latency: Full Sample
Replicating previous findings, Student’s t comparisons within the full sample of participants
with scorable N2 latency data (ExP+, n = 26; ExP−, n = 36; UxP+, n = 23 and UxP−, n =
36) indicated significantly longer target N2 latency in the ExP+ compared to ExP− group
(t(60) = 1.7, p = .04). Calculation of Cohen’s d, weighted by sample size, yielded a medium
effect size of .45. In the mixed model analysis, for Diagnosis, t = 1.5, p = 0.14; for
Exposure, t = 0.5, p = 0.63 for Diagnosis × Exposure, t = 0.9, p = 0.37. None of the
following variables were found to be associated with N2 latency in the full sample at
screening p < 0.20: age; number of potentially traumatic, lifetime, non-combat events;
presence of an affective or an anxiety disorder; combat severity (in the exposed twin); and
number of cigarettes smoked, or number of alcoholic or caffeinated beverages consumed in
the 24 hours and past 30 days preceding testing. Hence these variables were not considered
to have potentially confounded the N2 latency results.

Target P3b Amplitude: Full sample
There were no significant findings or trends for P3b amplitude to targets in the full (non-
medicated and medicated combined) sample (see Table).

Target P3b Amplitude: Non-medicated Subsample
There was a near-significant difference between the non-medicated ExP+ and ExP−
subsample target P3b amplitudes (Student’s t(41) = 1.6, p = 0.06). In the mixed model
analysis, for Diagnosis t = 0.5, p = 0.60; for Exposure t = 0.1, p = 0.94, Diagnosis ×
Exposure t = 1.6, p = 0.14. The following variables were not found to be correlated with P3b
amplitude in the non-medicated sample at screening p < .20: age; number of potentially
traumatic, lifetime, non-combat events; presence of an affective or an anxiety disorder;
combat severity (in the exposed twin); and number of alcoholic beverages consumed.
However, number of caffeinated beverages consumed in the past 24 hours (r = −.17, p =
0.11), and number of cigarettes smoked in the past 24 hours (r = −.17, p = 0.11) and past 30
days (r = −.19, p = 0.06) preceding testing were negatively correlated with P3b amplitude. In
addition, among the non-medicated subjects (n = 98), P3b amplitudes were significantly
smaller in participants who smoked tobacco in the previous 30 days (n = 34; M = 10.1; SD =
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4.0) than in those who did not (n = 64; M = 11.9; SD = 4.4; t(96) = 2.0, p = .047; two-
tailed). Hence these variables potentially confounded the P3b amplitude results.
Unfortunately, there were too few non-caffeine consumers to perform analyses in this
subsample. However, adjusting the P3b amplitude analyses for number of caffeinated
beverages consumed by means of analysis of covariance did not substantially change the
above results (data not shown).

Target P3b Amplitude: Non-medicated, non-smoking Subsample
P3b amplitude analyses were repeated on the non-medicated subsample after removing the
34 tobacco-smoking participants. The subsample sizes for these analyses were: ExP+, n = 8;
ExP−, n = 21; UxP+, n = 13 and UxP−, n = 21. An ExP+ versus ExP− contrast yielded
Student’s t(27) = 2.2, p = 0.02 (effect size, Cohen’s d = .93; weighted by sample size). The
mixed model yielded: for Diagnosis t = 0.4, p = 0.67; for Exposure t = 0.01, p = 0.99; for
Diagnosis × Exposure t = 2.8, p = 0.009. A comparison between the ExP+ versus UxP+
subsamples indicated a tendency towards a smaller mean P3b amplitude in the ExP+ group:
t = 1.6, p = 0.13 (effect size, Cohen’s d = .71; weighted by subsample size). Group means
(SEs) for P3b amplitude to targets in the non-smoking, non-medicated subsample are
presented in Figure 2. Group grand average ERP waveforms for the non-smoking, non-
medicated subsample are shown in Figure 3.

Discussion
With reference to the non-medicated, non-smoking subsample, the results obtained in
combat veterans with current PTSD vs. combat veterans who never had combat-related
PTSD replicate previously reported findings of diminished auditory P3b amplitude to target
tones in this disorder. Where differences exist between participants with vs. without PTSD,
data from their non-combat exposed co-twins offer the possibility of resolving their origin.
With regard to decreased P3b amplitude, the mixed model results revealed a significant pair
Diagnosis × Combat Exposure interaction. This is illustrated by the pattern in Figure 2, in
which the combat-exposed PTSD veteran group shows lower P3b amplitudes than the non-
combat-exposed (high risk) PTSD co-twin group, as well as than the combat-exposed, non-
PTSD veteran group and the (low-risk) non-combat exposed non-PTSD co-twin group.
Although the direct comparison between the combat-exposed PTSD group (ExP+) and the
non-combat-exposed (high risk) PTSD co-twin group (UxP+) did not yield a significant
difference, the effect size associated with this comparison was relatively large. This suggests
that inadequate statistical power, likely due to the small subsample sizes, was responsible for
the failure to reach a conventional level of statistical significance. Overall, the pattern of
findings supports the conclusion that diminished P3b is an acquired sign of combat-related
PTSD, and not a pre-existing vulnerability factor. Similarities in the patterns of P3b
amplitude and reaction time findings within the subsample of non-medicated, non-smoking
veterans suggests that a behavioural manifestation of reduced P3b in PTSD may be slower
cognitive processing and/or responses to task-relevant cues.

A conceptual limitation of this study is that the design cannot rule out the possibility that
unique environmental difference(s) between the combat-exposed twins with PTSD and their
non-combat-exposed co-twins other than the trauma of combat are responsible for
diminished P3b amplitude in the former. However, because the most salient, common
difference between these twins was the presence of combat-related PTSD in one but not the
other, it is reasonable to attribute the diminished P3b amplitudes to the presence of combat-
related PTSD. The design employed here also cannot rule out the possibility that the non-
combat-exposed co- twins of combat veterans with PTSD share latent inherited phenotypes
predisposing to diminished P3b responses that require traumatic exposure in order to be
activated (Kendler, 2001). A methodological limitation is the resulting small and unequal
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samples utilized in P3b analyses when participants with factors known to influence P3b
amplitude were excluded. This limitation, however, may be difficult to overcome given 1)
the generally high incidence of these factors in study populations of this age and 2) the
limited availability of the unique and rare population under study. Finally, the elapsed time
between combat exposure and the performance of this study means that the lifetime history
of disorder is subject to the limitations of lengthy retrospective recall, and the data only
apply to a small window of observation in these individuals’ chronic PTSD.

The finding that tobacco use (smoking) was an important covariate in the present study is
worthy of comment. In addition to the reported negative correlation between the number of
cigarettes smoked and P3b amplitude, we also found smaller P3b amplitude in smokers
compared to non-smokers, collapsing across non-medicated study groups (see Anokhin et
al., 2000) These findings suggest that the effects of smoking may potentially obscure the
pattern of P3b results and should be addressed in future clinical ERP studies, especially in
study populations where groups might differ in smoking status.

We previously reported in the same participant sample that decreased heart rate responses to
loud tones also conformed to the pattern of an acquired PTSD sign (Orr et al., 2003). As in
the auditory oddball task employed here, that loud tone task employed neutral (i.e., trauma-
irrelevant) stimuli. Those results, along with the present results, support the conclusion that
the range of acquired abnormalities found in combat-related PTSD extends beyond
responses to reminders of the trauma that induced them. It remains for future studies to
examine whether this is also true in non-combat-related PTSD.

The present results in the PTSD vs. non-PTSD combat veterans also replicate previously
reported findings in this disorder of delayed N2 latency to target tones in the same task.
Unfortunately, the lack of statistically significant findings from the mixed model analysis
precludes inferences regarding the origin of increased N2 latency in PTSD.
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Figure 1. Group mean N2 latencies to target stimuli (target – common) at the Cz site for the full
sample
ExP+: combat veterans with combat-related PTSD; ExP−: combat veterans without combat-
related PTSD; UxP+: non-combat, monozygotic twins of combat veterans with combat-
related PTSD; UxP−: non-combat, monozygotic twins of combat veterans without combat-
related PTSD. Error bars indicate standard errors. The reduced sample sizes are due to the
exclusion of participants with unusable N2 data.
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Figure 2. Group mean P3b amplitudes to target stimuli at the Pz site in the non-medicated, non-
smoking subsample
ExP+: combat veterans with combat-related PTSD; ExP−: combat veterans without combat-
related PTSD; UxP+: non-combat, monozygotic twins of combat veterans with combat-
related PTSD; UxP−: non-combat, monozygotic twins of combat veterans without combat-
related PTSD. Error bars indicate standard errors.
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Figure 3. Group grand average event-related potential (ERP) waveforms at the Pz site to Target
stimuli in the non-medicated, non-smoking sample
The large downward deflections represent the P3b component. Scale: Tics on the vertical
axis represent 6 µV units; Tics on the horizontal axis represent 100 msec units relative to
stimulus onset.
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