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Subtypes of Family History and Conduct 
Disorder: Effects on P300 During the 
Stroop Test

 

Lance O. Bauer, Ph.D., and Victor M. Hesselbrock, Ph.D.

 

The goal of the present study was to identify 
neurophysiological differences associated with a family 
history of substance dependence, and its subtypes (paternal 
alcohol, cocaine, or opiate dependence), and with conduct 
disorder, and its subtypes (aggression, deceitfulness/theft, 
and rules violations). P300 event-related brain potentials 
were recorded from 210 males and females, aged 15–20 
years while they performed the Stroop color-word 
compatibility test. Analyses revealed no significant effects 
of familial substance dependence on P300. However, an 
elevated number of conduct disorder problems was 
associated with a statistically significant reduction in P300 

amplitude. The P300 amplitude reduction was related to the 
severity of the “rules violation” subtype, but was unrelated 
to aggression or deceitfulness and theft. It is concluded that 
conduct disorder can explain many of the P300 findings 
previously attributed to a family history of alcohol 
dependence. Furthermore, it appears that conduct disorder 
may be a heterogenous classification comprised of 
neurophysiologically different subtypes.
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In the standard Stroop Test [Stroop (1935); see MacLeod
(1991) for a review], subjects are instructed to name the
color in which a word is typed and ignore the meaning
of the word itself. Despite this instruction, word mean-
ing has been found to reliably influence the latency of
the color-naming response. The most thoroughly docu-
mented finding from studies of the Stroop Test is an in-
crease in color-naming latency when the word and

color are incompatible (e.g., the word “red” presented
in blue typeface). Using a more modern version of the
test, it is also possible to demonstrate a decrease in
naming latency when the word and color are compati-
ble (e.g., the word “red” presented in red typeface), rel-
ative to a condition in which they are unrelated (e.g.,
the word “town” in red typeface). The Stroop Test can
therefore be used to assess cognitive operations that in-
hibit and/or facilitate response selection.

Many versions of the Stroop Test have been devel-
oped over the past 63 years. Despite these variations in
methodology, the findings have been remarkably con-
sistent (Siegrist 1995, 1997). For example, the same pat-
tern of results occurs as described above when naming
latency is replaced by naming accuracy as the depen-
dent measure, or when vocal naming is replaced by a
choice key press as the required response. Also, the ad-
ditional constraints associated with implementing the
test in the context of either an electroencephalographic
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(EEG) (Duncan-Johnson and Kopell 1981) or positron
emission tomographic (PET) (Bench 1993; Posner and
Driver 1992; Pardo et al. 1990) study do not alter the
Stroop effect. Indeed, EEG and PET studies have
proven quite useful in investigating the neural sub-
strates activated by the test.

The goal of the present study was to examine re-
sponse inhibition and response facilitation during the
Stroop Test among groups of teen-aged subjects charac-
terized by a hypothesized dysfunction in response reg-
ulation. These groups included teenagers who were the
biological offspring of alcohol- or drug-dependent fa-
thers, as well as teenagers who exhibited conduct prob-
lems of sufficient magnitude as to approach or meet the
DSM-IIIR criterion for conduct disorder. Subjects pos-
sessing these familial and personal risk factors for fu-
ture alcohol/drug dependence have previously been
shown to perform poorly on the Stroop Test, Wisconsin
Card Sorting Test, Porteus Maze, Trails B, Luria-
Nebraska Motor Alternation, and other neuropsycho-
logical tests that are presumed to measure cognitive
flexibility and/or response regulation (Hesselbrock et
al. 1991; Gillen and Hesselbrock 1992; Moffitt 1993;
Lahey et al. 1993). However, it is presently unknown
whether there are subtypes of conduct disorder (e.g.,
characterized by higher levels of aggression vs. deceit-
fulness and theft vs. rules violations) or family history
(e.g., paternal alcohol vs. cocaine vs. heroin depen-
dence) that are more reliably associated with these neu-
ropsychological decrements. A secondary goal of this
study was to examine the effects of such subtypes.

As in our previous studies of conduct disorder and
family history, the present study included an assess-
ment of P300 event-related electroencephalographic po-
tentials (ERP). A number of studies conducted by our
group have demonstrated P300 amplitude reductions
among adults and teenagers diagnosed with either An-
tisocial Personality Disorder (Bauer 1997; Bauer et al.
1994a, 1994b; O’Connor et al. 1994) or with elevated
counts of Conduct Disorder criterion behaviors (Bauer
and Hesselbrock in press), respectively. The P300 decre-
ments were largest over frontal brain regions (Bauer 1997;
Bauer et al. 1994a, 1994b) and correlated significantly
with poor performance on “frontal” neuropsychological
tests (Hesselbrock et al. 1993). A number of ERP studies
have also linked P300 amplitude reductions to a family
history of alcoholism (Begleiter et al. 1984; Elmasian et
al. 1982; Whipple et al. 1988; see Polich et al. 1994 for a
review). However, the P300 effects of a family history of
alcohol/drug dependence appear to be negligible when
its overlap with conduct disorder/ASPD is considered
(Bauer and Hesselbrock in press).

To our knowledge, only one study has examined
P300 while subjects performed the Stroop Test (Dun-
can-Johnson and Kopell 1981). In that study, ERP data
were collected from 12 male college students without

psychopathology or significant histories of drug abuse.
The results revealed no change in P300 latency on in-
compatible versus compatible stimulus trials. P300 am-
plitude was not examined. The absence of a change in
P300 as a function of color-word incompatibility was
used by the authors as a basis for claiming that P300 is
unaffected by processes related to response selection.
More recent studies of stimulus-response compatibility
manipulations have revealed this conclusion to be in-
correct. In normal subjects, P300 amplitude and latency
do indeed change when the demands on response se-
lection are increased (Christensen et al. 1996; Renault et
al. 1988; Pfefferbaum et al. 1986; Valle-Inclán 1996). To
date, no investigator has recorded P300 from adoles-
cents with risk factors for alcoholism or drug abuse
while they perform the Stroop Test.

 

METHODS

Subjects

 

The subjects were 210 males and females, 15 to 20
years old, assigned to groups on the basis of a positive
or negative history of DSM-IIIR opiate, cocaine, or alcohol
dependence in their biological father, and a positive or
negative personal history of conduct disorder problems.

The primary source for identifying potential subjects
with a positive family history was their drug- or alco-
hol-dependent fathers. Fathers were recruited at local
drug abuse treatment facilities. Additional sources for
recruiting both positive family history and all other
types of subjects included newspaper and radio adver-
tisements that appealed to either prospective subjects
or their parents. The sources included high school guid-
ance counselors, youth organizations (YMCA, YWCA,
Police Athletic League, etc.), and newspaper and radio
advertisements. Importantly, none of the teenagers
studied presently were recruited from detention or
treatment programs. Accordingly, the level of comorbid
psychopathology and drug abuse was not significant.

Before data collection could begin, the parent and
teen-aged child provided written, informed consent.
Fathers were interviewed about their history of drug
and alcohol use, psychiatric problems, and neurological
disorders. Whenever possible, the biological mother
was also interviewed. In those cases (25.7%) in which
the father was unwilling or unable to participate, the
mother served as a proxy source for information about
the father.

To eliminate the possible confounding effects of fetal
alcohol/drug exposure, children whose biological
mothers met lifetime DSM-IIIR criteria for diagnosis of
alcohol, cocaine, or opiate dependence were excluded.
Teenagers were also excluded if they had a history of
schizophrenia, bipolar or major depressive disorder,
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DSM-IIIR drug (including alcohol) abuse or depen-
dence, neurological or endocrine disorders, significant
head injury (e.g., loss of consciousness greater than 5
minutes), an uncorrected visual acuity of greater than
20/50, or color blindness. Use of CNS active medica-
tions either led to the exclusion of the subject or to a de-
lay in the scheduled appointment until medications
were no longer being taken. Urine and breath samples
were collected on the test day to verify abstinence.

A complete and detailed lifetime psychiatric history
was obtained from each teenaged subject and at least
one parent via the Semi-Structured Assessment for the
Genetics of Alcoholism (SSAGA) (Bucholz et al. 1994).
The SSAGA interview covers the major psychiatric dis-
orders defined in the DSM, ICD, and Feighner systems
and has been shown to have good reliability. For the
present study, DSM-IIIR criteria were applied. The
SSAGA interview was conducted by a trained techni-
cian. The interview was also tape-recorded to monitor
the reliability of the assessment procedure.

The psychiatric status of all first and second degree
biological relatives was obtained from subjects and the
parent(s) using the family history method (FHAM) (Rice
et al. 1995). The family histories (FH) of subjects were
categorized as none (FHN), alcohol-dependent (FHA),
cocaine-dependent (FHC), or opiate-dependent (FHO)
based upon the primary clinical diagnosis of the biolog-
ical father. Subjects in the FHN group had no known
first- or second-degree relatives affected with alcohol or
other substance dependence.

The assignment of a subject to one of the two con-
duct disorder behavior groups was based on the me-
dian number of DSM-IIIR conduct disorder (CD) criterion
items met prior to age 15 (cf. Fergusson and Horwood
1995; Slutske et al. 1997). As required by DSM-IIIR, a
criterion item was counted only if the behavior oc-
curred at or above the required frequency (typically on
multiple occassions) over a period of 6 months. Sepa-
rate calculations were performed for males and females.
For males, the cutpoint for differentiating CD

 

2

 

/CD

 

1

 

groups was two or more criterion items. For females,
the cutpoint was one or more criterion items.

For secondary analyses of subtypes of conduct disor-
der, subjects were assigned to low (i.e., none), moder-
ate, and higher severity groups using counts of 0, 1, or

 

>

 

2, respectively, from the aggression, rules violation,
and deceitfulness/theft subsets of the diagnostic crite-
ria for CD. There was inadequate variability in the
number of destructiveness criterion items to justify the
creation of a destructiveness scale. Because many sub-
jects with CD problems scored highly on all subscales,
it was impossible to examine interactions among sub-
types or the unique effects of each subtype. Rather, the
analyses of each CD problem subscale included the
same subjects regrouped in a different manner. Gender
was a separate independent variable in these analyses.

 

Procedure

 

EEG data collection occurred on the same day sched-
uled for the collection of all other data. Tests of sensory
function (color vision, visual acuity) were administered
early in the day to identify factors which would artifac-
tually impair performance on the Stroop Test. Access to
caffeinated beverages and nicotine were denied through-
out the day.

The subject was escorted into a sound-shielded
chamber and seated in a comfortable chair, where EEG
and EOG electrodes were applied. The chair faced a 14-
inch computer monitor used for the presentation of vi-
sual stimuli. A set of shielded stereo headphones, used
for auditory stimulus presentation, and other devices
(response keys), were located in the immediate proxim-
ity of the chair.

Subjects performed a discreet trials version of the
Stroop Test in which the stimuli were the words RED,
BLUE, or TOWN presented in red or blue typeface on
the computer monitor. There were, therefore, three cat-
egories of stimuli (100 trials/category): incompatible,
compatible, and unrelated. The stimuli were presented
with equal probability at a rate of one stimulus every
2.3 seconds for 100 msec each. Subjects were asked to
indicate the color of the word by pressing one of two re-
sponse keys within a response deadline of 1000 msec.
Before data collection began, subjects were required to
practice the task and demonstrate comprehension of
task instructions.

 

EEG Recording Procedures and Analysis

 

The EEG was recorded from tin electrodes placed at
31 scalp sites (ECI Incorporated, Eaton, OH). A single
tin electrode placed on the bridge of the subject’s nose
served as the reference. A mid-forehead electrode
served as the ground. For the detection of eye blink and
eye movement artifacts, a pair of tin electrodes was
placed diagonally above and below the left eye. Inter-
electrode impedances were kept below 5K.

The 31 channels of EEG activity and one channel of
eye movement activity were appropriately amplified
(EEG gain 

 

5

 

 20K, EOG gain 

 

5

 

 2K) and filtered (Band-
pass 

 

5

 

 0.01 to 30 Hz) using a Grass Instrument Com-
pany Neurodata Acquisition System (Model 12). Along
with voltage markers used to indicate the onset of sig-
nificant experimental events (stimulus and response
triggers), the EEG and EOG channels were routed to an
A-to-D converter, sampled at a rate of 500 Hz for 100
msec preceeding and 900 msec following stimulus on-
set, and stored for offline analysis. Each sampling ep-
och was digitally filtered and tested for the presence of
A-to-D converter overflow as well as for excessive volt-
age changes (

 

.

 

100 

 

m

 

V) in the EEG associated with lead
sway or other movement artifacts. A positive test for ei-
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ther condition resulted in the exclusion of all data for
that epoch. Eye blinks and other eye movement arti-
facts were removed from the EEG using the algorithm
described by Semlitsch et al. (1986). The processed EEG
epochs on correct response trials were then sorted by
lead and stimulus type and averaged. P300 was identi-
fied as the peak voltage, with a zero slope, in the aver-
aged ERP waveform between 250 and 900 msec following
stimulus onset. Amplitude was expressed in microvolts
relative to the average voltage druing the 100-msec pre-
stimulus period. Latency was expressed in msec relative
to stimulus onset.

To reduce the number of independent analyses per-
formed on inter-related P300 data and the overall prob-
ability of Type I error, a principal components analysis
(PCA) was employed. The inputs to the six (amplitude 

 

1

 

latency 

 

3

 

 3 trial categories) separate PCAs were the
correlation matrices of either P300 amplitude or latency
measured at each of the 31 electrode locations for each
stimulus category (compatible, incompatible, unrelated).
Through these PCAs, scalp regions containing inter-
correlated activity were identified and separated into
coherent units by orthogonal rotation. Each function-
ally distinct region was analyzed separately.

The six PCAs yielded identical results consisting of
two orthogonal factors. The electrode locations loading
highest on the first factor included 17 locations adjacent
or posterior to the central sulcus: C3, CP1, C4, CP2, Pz,
P3, PO1, P4, PO2, CP5, T7, CP6, T8, P7, P8, O1, and O2.
The second factor included the remaining, frontal loca-
tions: F3, FC1, F4, FC2, F7, FC5, F8, FC6, FP1, AF1, FP2,
AF2, Fz, and Cz.

P300 amplitudes and latencies from these posterior
and anterior regions were analyzed separately via re-
peated measures analysis of variance. Within each anal-
ysis, Conduct Disorder group, Family History group, or
Gender were entered as between-subjects factors (for a
detailed description, see below). Electrode Location and
Trial Category (compatible/incompatible/unrelated)

 

were within-subjects factors. Where appropriate, the
Geisser-Greenhouse formula was applied to protect
against violations of the sphericity assumption. Cor-
rected degrees of freedom are reported.

 

RESULTS

FH Subtype 

 

3

 

 Conduct Disorder Analyses

 

Demographic, Drug Use, and Psychiatric Characteris-
tics.  

 

Table 1 summarizes the background characteris-
tics of subjects assigned to each of the eight groups
within the FH 

 

3

 

 CD factorial. Group differences were
evaluated using two-way ANOVAs for continuous mea-
sures and Pearson’s 

 

x

 

2

 

 tests for categorical measures.
Differences among the groups on these background

variables were generally modest or nonsignificant.
There was a slight, but significant, difference among the
FH groups in age and in years of education: teenagers
born to cocaine-dependent fathers were 1 year younger
and had completed 1 less year of school than teenagers
born to fathers without an alcohol or drug abuse his-
tory. Importantly, age did not correlate with any of the
group differences in P300 amplitude that are reported
below (

 

r

 

 

 

5

 

 0.018, 

 

p

 

 

 

5

 

 ns).
There was a relative and more reliable difference be-

tween the CD

 

1

 

 (3.84 

 

6

 

 6.54) and CD

 

2

 

 (1.57 

 

6

 

 3.64)
groups in the number of alcohol use problems reported
on the MAST. The absolute number of alcohol use prob-
lems in the CD

 

1

 

 group was modest, however.
There were no significant differences among the

groups in gender or ethnic composition; in the propor-
tion of subjects meeting criteria for the combined, inat-
tentive, or hyperactive-impulsive subtypes of Attention
Deficit-Hyperactivity Disorder (which was uniformly
rare, viz. 

 

,

 

3%); or in the proportion of subjects whose
paternal alcohol/drug use history was based on the re-
sults of a proxy interview with the mother.

 

Table 1.

 

Demographic, Drug Use, and Psychiatric Characteristics (Mean (SD) or %)

 

Variable

FHN
CD

 

2

 

(

 

n

 

 

 

5

 

 54)

FHA
CD

 

2

 

(

 

n

 

 

 

5

 

 27)

FHC
CD

 

2

 

(

 

n

 

 

 

5

 

 17)

FHO
CD

 

2

 

(

 

n

 

 

 

5

 

 17)

FHN
CD

 

1

 

(

 

n

 

 

 

5

 

 26)

FHA
CD

 

1

 

(

 

n

 

 

 

5 

 

35)

FHC
CD

 

1

 

(

 

n

 

 

 

5

 

 24)

FHO
CD

 

1

 

(

 

n

 

 

 

5

 

 10)

 

Years of education

 

a

 

10.7 (1.6) 9.7 (1.5) 9.5 (1.3) 10 (1.7) 10.2 (1.2) 10.2 (1.5) 9.4 (1.5) 9.1 (1.1)
Years of age

 

b

 

16.9 (1.5) 16 (1.8) 15.7 (1.4) 16 (1.3) 16.7 (1.3) 16.8 (1.5) 15.9 (1.3) 16.2 (1.5)
MAST score

 

c

 

1.8 (4.4) 1.5 (2.9) 1 (1.5) 1 (2.3) 3.2 (5.2) 5.1 (8.5) 2.6 (4.1) 3.4 (5.2)
Female (%) 64.2 51.9 50 75 57.7 37.1 54.2 40
Caucasian (%) 67.9 85.2 35.7 56.3 34.6 71.4 29.2 40
Paternal history determined by proxy 

interview of mother (%) 16.7 29.6 29.4 11.8 38.5 42.9 16.7 10

 

a

 

 FH Main Effect, 

 

p 

 

, 

 

.05, [FHC and FHO] 

 

, 

 

FHN.

 

b

 

 FH Main Effect, 

 

p

 

 , 

 

.05, FHC

 

 , 

 

FHN.

 

c

 

 CD Main Effect, 

 

p

 

 , 

 

.05, CD

 

1

 

 

 

. 

 

CD
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.
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Test Performance.  

 

Figure 1 illustrates the significant
effects of trial category on response latency (F

 

2,390

 

 

 

5

 

62.3, 

 

p

 

 

 

,

 

 .0001) and accuracy (F

 

2,397

 

 

 

5

 

 63.0, 

 

p

 

 

 

,

 

 .0001 ).
In these three-way ANOVAs of Trial Category 

 

3

 

 CD 

 

3

 

FH, there were no significant main or interactive effects
involving CD or FH.

Tukey post hoc tests evaluating the Trial Category
main effects revealed a significant reduction in re-

sponse accuracy on incompatible as compared to both
compatible and unrelated trials. There were no differ-
ences between compatible and unrelated trials in re-
sponse accuracy, but these trials were associated with a
significant difference in response latency (compatible 

 

,

 

unrelated). Response latency also differentiated com-
patible and incompatible trials, in the predicted direc-
tion (compatible 

 

,

 

 incompatible).

Figure 1. Average (11 SEM) response accuracy and latency, and posterior region P300 amplitude and latency, for unre-
lated, compatible, and incompatible color-word combinations.

Table 2. Posterior Region P300 Amplitude (SD) by Subject Group

Variable
FHN
CD

 

2

 

FHA
CD

 

2

 

FHC
CD

 

2

 

FHO
CD

 

2

 

FHN
CD

 

1

 

FHA
CD1

FHC
CD1

FHO
CD1

P300 Amplitudea 16.1 (6.9) 16.8 (7.4) 15.2 (6.9) 17.5 (7.4) 14.1 (7.0) 15.0 (6.5) 13.9 (6.0) 13.5 (6.6)

a CD Main Effect, p , .05.
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P300 Data.  Analyses of P300 amplitude and latency
revealed significant effects of Trial Category over both
posterior and anterior scalp regions. Over the posterior
region, incompatible trials evoked a smaller amplitude
P300 than compatible trials (F2,399 5 7, p , .001). P300
latency was found to be shorter on compatible versus

incompatible and unrelated trials (F2,395 5 4.04, p , .02).
Similar results were found in the analysis of P300 am-
plitude (F2,403 5 6.8, p , .001) and latency (F2,398 5 3.8,
p , .03) over the anterior region. The effects of Trial
Category on posterior region P300 amplitude and la-
tency are illustrated in Figure 1.

Figure 2. ERPs recorded from the Pz
electrode for compatible (top) and
incompatible (bottom) trials. The data
are averaged separately for each family
history group (and are collapsed over
the levels of the Conduct Disorder vari-
able). The differences among the family
history groups in P300 amplitude were
not significant. Waveform polarity 5
positive up. X-axis scale 5 msec rela-
tive to stimulus onset.
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Trial Category did not interact with FH subtype, CD,
or Electrode Location. The only significant finding in-
volving the between-subjects factors was a main effect
of CD (F1,202 5 6.9, p , .01; MCD2 5 16.36 6 7.1 mV;
MCD1 5 14.36 6 6.5 mV) on P300 amplitude within the
posterior region only. Table 2 provides a list of group-
averaged P300 amplitudes and standard deviations for
each of the eight subject groups. Figure 2 demonstrates
the absence of a significant main effect of FH on P300 at
the Pz electrode.

Conduct Disorder Subtype 3 Gender Analyses

Demographic, Drug Use, and Psychiatric Characteris-
tics.  ANOVAs of the independent and interactive ef-
fects of each subtype of conduct disorder (aggressive,
deceitful, rules violation) and gender revealed a sig-
nificant main effect (i.e., p , .05) of each of the CD
subtypes on MAST scores. In all three analyses, higher
levels of personality dysfunction were associated
with higher scores (i.e., more alcohol use problems):
Maggression (low → high) 5 2.4 6 5.2 → 2.6 6 5.4 → 4.1 6 6.3;
Mdeceitfulness (low → high) 5 1.9 6 5.1 → 2.6 6 3.7 → 7.4 6 7.7;
Mrules violation (low → high) 5 1.2 6 3.6 → 1.9 6 2.9 → 5.1 6
7.5. There were no gender differences in MAST scores,
age, or educational level. There were also no Gender 3
CD subtype interactions.

Test Performance.  Analyses of response latency and
accuracy yielded the same significant effects of Trial
Category as described above. There were no differences
among the CD subtypes in test performance. However,
the analyses of response latency revealed a significant
main effect of Gender (F1,198 5 8.79, p , .004). Overall,
males responded 26 msec faster than females. The gen-
der difference did not vary with CD subtype or Trial
Category.

P300 Data.  To limit the number of analyses per-
formed and the attendant risk of Type I error, the analy-
ses of P300 focused only on the posterior region, which
had revealed a main effect of CD in prior analyses. The
effects of Trial Category on P300 amplitude and latency
in these analyses were identical to those described
above. Gender was found to have no significant effect,
although there was a trend for males to have smaller
P300 amplitudes than females. There was also a nonsig-
nificant trend for shorter P300 latencies in males versus
females.

The only CD subtype to affect P300 was the Rules Vi-
olations factor. Higher levels of severity on this factor
were associated with a graded reduction in P300 ampli-
tude (F2,198 5 8.2, p , .005) ranging from 16.8 6 7.5 to
14.9 6 6.3 to 14.4 6 6.6 mV. None of the CD subtypes in-
teracted significantly with Gender or Trial Category.
However, there was a trend suggesting a stronger or
more reliable effect of the Rules Violation subtype on

incompatible versus compatible trials (compare bottom
right panels of Figures 3 and 4).

Averaged ERP waveforms at the Fz, Cz, and Pz elec-
trodes depicting the effects of conduct disorder and the
three conduct disorder subtypes are presented in Fig-
ures 3 and 4.

DISCUSSION

In the present study, manipulations of color-word
compatibility yielded evidence of both response inhibi-
tion and response facilitation. When the color-word
combination was incompatible, response accuracy de-
clined relative to accuracy for both compatible and un-
related combinations. This finding is consistent with re-
sponse inhibition. However, contrary to the classic
Stroop inhibition effect, there was no attendant increase
in response latency. We attribute the absence of a
change in response latency on incompatible trials to the
use of a 1000-msec response deadline, which probably
truncated the variance in reaction time and forced late
responses to be counted as errors. This hypothesis is re-
inforced by the demonstration of enhanced error rates
on incompatible trials. Response latency did demon-
strate Stroop facilitation: responses occurred more
quickly when the color-word combination was compat-
ible versus a condition in which they were unrelated.

Analyses of P300 also provided evidence of Stroop
inhibition and facilitation. The inhibition of P300 ampli-
tude resembled the inhibition of response accuracy.
Both of these dependent measures varied similarly on
incompatible trials but were unchanged on compatible
trials (see Figure 1, left panel). The changes in P300 la-
tency resembled the changes in response latency. Both
were facilitated by color-word compatibility and not in-
hibited by color-word incompatibility (see Figure 1,
right panel). The present demonstration of significant
effects of color-word compatibility and incompatibility
on P300 is consistent with the results of studies using
cognitive tests similar to that used presently (e.g.,
Christensen et al. 1996; Renault et al. 1988; Pfefferbaum
et al. 1986; Valle-Inclán 1996). However, the results of
the present study do contradict the results of one previ-
ous study that failed to detect an effect of the Stroop
Test on P300 (Duncan-Johnson and Kopell 1981). The
null findings reported by Duncan-Johnson and Kopell
(1981) are most likely attributable to the small number
of subjects tested (n 5 12) in their study and inadequate
statistical power.

Interestingly, teenagers with conduct disorder prob-
lems did not differ significantly from teenagers without
conduct problems in the magnitude of either Stroop in-
hibition or facilitation. The P300 decrement associated
with conduct problems was of the same magnitude on



58 L.O. Bauer and V.M. Hesselbrock NEUROPSYCHOPHARMACOLOGY 1999–VOL. 21, NO. 1

unrelated, compatible, and incompatible trials. One in-
terpretation of this pattern of results suggests that the
cognitive deficit associated with CD might not be spe-
cifically tied to response inhibition/facilitation in teen-

aged subjects. Rather, the deficit may involve a more
generalized disturbance of attention or resource alloca-
tion. Another interpretation suggests that an interaction
between CD and Stroop inhibition/facilition would

Figure 3. ERPs at Fz, Cz, and Pz electrodes evoked by compatible color-word combinations. ERPs represent group-aver-
aged data for analyses comparing CD2 (dotted line) versus CD1 (solid line) groups, as well as for analyses comparing low
(dotted line), moderate (dashed line), and higher (solid line) scores on the aggression, deceitfulness/theft, and rules viola-
tions subsets of the CD diagnostic criteria. Waveform polarity 5 positive up. X-axis scale 5 msec relative to stimulus onset.
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have attained significance if the subject sample had con-
tained more individuals with a severe form of CD.

One more factor to consider in the interpretation of
the effects of CD on P300 is the age of the subjects tested
in the present study. In neuroimaging (i.e., PET) studies

of the Stroop Test, incompatible trials have been shown
to evoke activity in selected frontal brain regions, such
as the anterior cingulate (Bench 1993; Pardo et al. 1990;
Posner and Driver 1992), in healthy adults. It is possi-
ble that the power for detecting an interaction between

Figure 4. ERPs at Fz, Cz, and Pz electrodes evoked by incompatible color-word combinations. ERPs represent group-aver-
aged data for analyses comparing CD2 (dotted line) versus CD1 (solid line) groups, as well as for analyses comparing low
(dotted line), moderate (dashed line), and higher (solid line) scores on the aggression, deceitfulness/theft, and rules viola-
tions subsets of the CD diagnostic criteria. Waveform polarity 5 positive up. X-axis scale 5 msec relative to stimulus onset.
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CD and Stroop inhibition was inadequate in the present
study because of substantial variability in the develop-
mental status of these frontal neural substrate(s) in both
CD2 and CD1 subjects. An implication of this hypoth-
esis is that it may be easier to demonstrate an interac-
tion between a history of childhood CD (and its adult
analogue—ASPD) and Stroop inhibition/facilitation in
adults than in adolescents. Indeed, recent studies using
a mental rotation task have revealed that frontal P300
decrements are less apparent in conduct-disordered ad-
olescents (Bauer and Hesselbrock in press) than in
ASPD1 adults (O’Connor et al. 1994). Furthermore, the
P300 decrements associated with CD in Bauer and Hes-
selbrock’s study shifted from a posterior focus during
mid-adolescence to a frontal focus in early adulthood.

An important contribution of the present study is the
demonstration that some subtypes of CD have a more
reliable effect on P300 than other subtypes. Teenagers
who exhibited a behavior pattern characterized by re-
peated, serious violations of rules (i.e., truancy, running
away from home, “staying out” at night) exhibited sig-
nificant reductions in P300 amplitude. However, teen-
agers with aggressive features or with a history of de-
ceitfulness and theft did not exhibit these reductions.
Admittedly, the subjects studied here were not re-
cruited from detention or treatment programs and may
not be ideal for revealing the neurophysiological corre-
lates of either aggression, deceitfulness, or theft. A con-
servative interpretation of the present findings would
suggest that only the most benign form of conduct dis-
order, viz., rules violations, was sufficiently severe in
this sample as to be reflected neurophysiologically.
Whether aggressive and deceitfulness/theft subtypes of
conduct disorder are associated with an additional, or
perhaps unique, neurophysiological decrement remains
to be determined (cf. Herning et al. 1989; Pickworth et
al. 1990) from studies of subject populations that mani-
fest more serious/severe forms of these behaviors.

The present study did not reveal evidence of reduc-
tions in P300 amplitude associated with a family history
of alcohol, cocaine, or opiate dependence (see Table 2).
Although several studies have demonstrated an effect
of familial alcoholism on P300 [Begleiter et al. 1984; El-
masian et al. 1982; Whipple et al. 1988; see Polich et al.
(1994) for a meta-analysis review], many studies, in-
cluding the present, have not replicated this finding
(e.g., Baribeau et al. 1987; Bauer 1997; Bauer et al. 1994a,
1994b; Polich and Bloom 1988; Polich et al. 1988; Hill et
al. 1988). Some researchers have suggested that a
“proper” family history should select subjects only
from densely affected families, so as to minimize the
prevalence of phenocopies. Unfortunately, when sub-
jects are selected using this strategy, the resulting sam-
ple is likely to be confounded by high rates and severe
forms of conduct disorder or ASPD (Bauer and Hessel-
brock 1997). In the present study, and in numerous pre-

vious studies, we have shown that there is no residual
effect of either a family history of alcohol (Bauer 1997;
Bauer et al. 1994a, 1994b; O’Connor et al. 1994) or drug
(Bauer and Hesselbrock in press) dependence, or of fa-
milial density of alcohol or drug dependence (Bauer
and Hesselbrock in press), when the confounding ef-
fects of conduct disorder/ASPD are taken into account.

Other data can be used to support the hypothesis
that a family history of substance dependence is neither
a necessary nor sufficient cause of P300 amplitude re-
ductions. For example, it has long been known that
P300 amplitude reductions are not specific to a family
history of alcohol or drug dependence. Such reductions
have been reported in the biological relatives of patients
with schizophrenia or bipolar disorder (Blackwood et al.
1991; Friedman et al. 1995, 1982; Friedman and Squires-
Wheeler 1994; Kidogami et al. 1991; Roxborough et al.
1993; Squires-Wheeler et al. 1993) or Alzheimer’s dis-
ease (Boutros et al. 1995). The similar P300 reductions
found in the family members of schizophrenic, de-
pressed, or bipolar patients and in the family members
of drug and alcohol abusers is inconsistent with the dif-
ferent familial inheritance patterns of these disorders
(Maier et al. 1993, Maier and Merikangas 1996; Kendler
et al. 1995).

Furthermore, a recent publication from the Collabo-
rative Study on the Genetics of Alcoholism (Bierut et al.
1998), and publications from other studies (Hill et al.
1977; Meller et al. 1988; Mirin et al. 1991; Rounsaville et
al. 1991), have demonstrated independent inheritance
of cocaine, opiate, marijuana, and/or nicotine depen-
dence. Yet, the present study showed that P300 did not
differentiate among three subtypes of familial substance
dependence (cocaine, heroin, or alcohol). In conclusion,
therefore, the popular notion that P300 amplitude re-
ductions are specifically linked to familial substance
dependence deserves to be questioned.

Despite the lack of evidence for an association be-
tween P300 and familial substance dependence, one
should not conclude that P300 is uninformative for
specifying and predicting risk. In numerous studies,
P300 amplitude decrements have been associated with
childhood conduct disorder and adult antisocial per-
sonality disorder. Both CD and ASPD are powerful pre-
dictors of the future development of a number of psy-
chiatric disorders (Robins and Price 1991), including
schizophrenia, depression, substance abuse, and bipo-
lar disorder, among others. The P300 decrements linked
to conduct disorder and ASPD are also significant pre-
dictors of relapse (cf. Bauer 1997). Accordingly, P300
can be highly informative in a number of contexts, de-
spite its low specificity. Examples of potential applica-
tions include P300 as a tool for guiding case selection in
biological or psychological interventions, for predicting
treatment retention and/or resistance, and in the em-
pirical validation of diagnostic subtypes (e.g., conduct
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disorder characterized by rules violation versus aggres-
sion or deceitfulness).
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