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Background: The P3b component of the event-related
potential (ERP) has frequently been reported to be re-
duced in children and adolescents at high risk for devel-
oping alcoholism relative to control children and adoles-
cents without familial loading for alcohol dependence.
P300 amplitude changes during development for all chil-
dren. Previously it has been shown that high-risk offspring
display a pattern in which the amplitude is lower at age 8
with a smaller rate of change during adolescence.

Methods: Admixture analysis was applied to data ob-
tained for those children and adolescents having five or
more annual assessments of ERPs to determine if multiple
P3b growth patterns exist. The P3b amplitude patterns
obtained were related to risk status, concurrent presence
of childhood psychopathology (internalizing or external-
izing), and age of onset to develop a diagnosis.

Results: A pattern characterized by lower P3b amplitude
at study entry and a slower rate of change during child
and adolescent development (pattern 3) was most often
associated with high-risk status in boys and high-risk
status in combination with the presence of a childhood
diagnosis in girls. Pattern 3 was significantly related to
the overall presence of childhood psychopathology (inter-
nalizing or externalizing) and to the presence of an Axis I
diagnosis at young adult follow-up.

Conclusions: The developmental pattern previously de-
scribed for offspring at high risk for developing alcohol-
ism because of their familial/genetic background was
confirmed. Admixture analysis has refined this observa-
tion and suggests that among all children and adolescents
tested, three developmental patterns can be identified, one
of which is most often seen in association with male
high-risk children and adolescents. Biol Psychiatry
2002;51:621–631 © 2002 Society of Biological
Psychiatry
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Introduction

There has been a long-standing interest in finding trait
markers for psychiatric disorders (Zubin and Stein-

hauer 1981). Several promising neurobiological markers
have been investigated including electroencephalographic
and event-related potential characteristics, electrodermal
response, eye tracking, heart rate, and pupillography
(Venables 1991). The event-related potential (ERP) and
the P300 component in particular, has been studied as a
potential marker for development of psychiatric problems,
including such diverse disorders as schizophrenia (Pfef-
ferbaum et al 1989; Steinhauer et al 1991) and alcoholism
(Pfefferbaum et al 1991; Porjesz et al 1987a, 1987b;
Steinhauer et al 1987). The P300 is a scalp positive wave
that occurs approximately 300 msec after an informative
stimulus occurs (Sutton et al 1965) and is an index of an
individual’s capacity to process stimulus information. Two
variants of P300 have been described, P3a and P3b. The
traditional P3b (Sutton et al 1965) that has been studied
most extensively has a parietocentral distribution in com-
parison with the more anterior scalp distribution of the P3a
(Courchesne et al 1975; Squires et al 1975). The two types
of P300 also differ in the aspects of cognitive processing
that they reflect. In contrast with the loading on novelty, or
“surprise” in the words of Verleger et al (1994), associated
with the more anterior P3a, P3b is associated with more of
what Verleger et al (1994) termed “suspense” because it
reflects the process whereby the participant awaits the next
relevant stimulus. The P3a is elicited in response to
deviant stimuli (rare target or rare nontarget). P3b is
elicited usually by relevant target stimuli that are typically
less frequent than the nontarget condition. A P3 in
response to novelty has also been described (Comerchero
and Polich 2000). A novelty P3 is elicited by unpredictable
unique stimuli that have not been presented previously;
however, recent evidence suggests that the P3a and the
Novelty P3 are indistinguishable (Simons et al 2001). It is
important to distinguish the varying types of P300 because
the search for trait markers of psychiatric risk has often
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used the two variants interchangeably, leading to some
confusion in the literature. Variations in trait characteris-
tics among various psychiatric disorders can be expected
between those in which reduced involuntary responding to
novelty is the core trait and those for which the capacity to
use attentional resources is the central feature.

Amplitude Versus Latency of P3b as a Trait
Marker for Psychiatric Status

In contrast to the increased latency seen in association
with environmental factors (e.g., solvent exposure, closed
head injury) or organic disease states (e.g., Alzheimer’s
disease; Morrow et al 1992; Polich 1991), decrements in
P3b amplitude are more often associated with the presence
of psychiatric disorders. Reduced amplitude has been
reported for schizophrenic patients (Pfefferbaum et al
1989; Steinhauer and Zubin 1982; Steinhauer et al 1991)
and for patients diagnosed with depression (Bruder et al
1995; Yanai et al 1997). Additionally, individuals without
psychiatric illness but who carry an especially high load-
ing for a particular psychiatric disorder, especially alco-
holism, have been reported to show reduced amplitude
when compared with control subjects (Begleiter et al
1984; Friedman et al 1995; Hill et al 1995a; Hill and
Steinhauer 1993; Steinhauer and Hill 1993). Thus, it is
possible that the amplitude of the P3b component may be
an inherent characteristic of individuals before they de-
velop psychiatric states that in turn may be related to their
vulnerability for incurring these disorders (Hill 1994; Hill
et al 1987). P3b amplitude appears to be superior to P3
latency as an endophenotypic marker for psychiatric risk
because P3b amplitude shows greater heritability than P3b
latency (Aston and Hill 1990; van Beijsterveldt 1996).
Whether reduction in P3b amplitude shows specificity for
particular disorders or is a marker of generalized suscep-
tibility to psychiatric disorders is unknown.

Some investigators have argued that for P300 amplitude
to be a valid biological marker of susceptibility to a
psychiatric disorder it should be present in both child and
adult high-risk relatives of psychiatrically diagnosed pro-
bands (Porjesz et al 1998); however, alcoholism is one
condition in which study of adults may present a problem
for understanding whether the P300 component is a trait
marker. P3b reductions have been demonstrated to be
larger in alcoholics with cortical atrophy than in alcoholics
without neuropathological changes (Begleiter et al 1980).
Although rigorous investigations have not found signifi-
cant associations between P3b amplitude in adult alcohol-
ics and lifetime alcohol consumption, conclusions must be
tempered by the 20- to 30-year retrospective recall re-
quired for such investigations (Pfefferbaum et al 1991).
Similarly, the presence of other psychopathology, which is

common among alcoholics, may be responsible for the
reduction in amplitude of P3b (Hill et al 1999b) and P3a
(Costa et al 2000) in adult alcoholics. The presence of
these contaminating factors may explain the variable
results seen in adult alcoholics, which include reduction of
P3b in adult male alcoholics by some (Pfefferbaum et al
1991; Porjesz et al 1987a, 1987b), but not all investiga-
tions (Hermanutz et al 1981; Hill et al 1999b; Hill et al
1995b; Lille et al 1987; Pfefferbaum et al 1979).

Coupled with the fact that alcoholics tested in ERP
paradigms usually have long drinking histories (usually
more than 12 years) is the fact that they often are tested
after very short periods of abstinence (usually only 2
weeks; Porjesz et al 1987a). Importantly, adult alcoholics
tested after a period of 6 months abstinence do not differ
in visual or auditory P3b amplitude from controls (Biggins
et al 1995) though the alcoholics display longer latency
characteristic of exposure to neurotoxic substances (Big-
gins et al 1995). The critical nosological question is
whether P3b reduction, if seen, was present before the
alcoholic individual began to drink. Current evidence
based on children and adolescents suggests that this is the
case.

Cross-Sectional Studies of P300 in Children

Developmental studies of normal children are infrequent.
Fewer than 200 children and adolescents have been
assessed across available studies using either visual or
auditory ERPs (Courchesne 1977; Kurtzberg et al 1984;
Polich et al 1990); however, these cross-sectional studies
have demonstrated substantial differences between the
ERP characteristics of adults and children (Kurtzberg et al
1984; Polich et al 1990). Using samples of minor children,
differences in P3b amplitude are seen between children at
high- and low-risk for developing alcohol dependence
(Begleiter et al 1984; Berman et al 1993; Hill et al 1995a;
Hill and Steinhauer 1993; Hill et al 1990; Steinhauer and
Hill 1993; Whipple et al 1988), although no differences
are found between high and low-risk children evaluated
with a P3a paradigm (Holguin et al 1998). A meta-analysis
performed by Polich et al (1994) suggests that the effect of
age is critical in uncovering P3b amplitude differences by
alcoholism risk status. The largest effect sizes observed
were between high- and low-risk younger children, espe-
cially with more difficult ERP paradigms, with few
differences being seen in young adulthood. Children at
high risk for developing other psychiatric disorders have
infrequently been studied; however, one study followed
children at high risk for developing schizophrenia, finding
lower P3b in childhood was associated with overall higher
global impairment at age 18 (Friedman et al 1995).
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Longitudinal Studies of P300 in Children

The presentation modality has been shown to affect the
P3b amplitude trajectories of childhood and adolescence
(Hill et al 1999c). Before that study, longitudinal data
were not available to determine if the same children
followed over time would have developmental trajectories
that varied by modality (visual or auditory) or by risk
group status (high or low risk for alcohol dependence).
Growth curve modeling of 635 separate auditory and
visual P3b assessments of children and adolescents be-
tween the ages of 8 and 18 revealed that auditory P3b
showed an increase in amplitude with age followed by a
leveling off by late adolescence. In contrast, visual P3b
amplitude appears to be greatest at younger ages, declining
until about young adulthood. Importantly, the develop-
mental trajectories of P300 amplitude in high-risk off-
spring from high density for alcoholism families differed
from that seen in low-risk offspring (Hill et al 1999c).
Male high-risk offspring show a slower rate of change in
P3b amplitude over the period of 8 to 18 years than do
control children (Hill et al 1999c). Although similar
trajectories were seen in high-risk girls, a comorbid
childhood diagnosis was required for this pattern to be
manifest. The high-risk group, as a whole, entered the
study with lower visual P3b amplitudes than control
subjects and showed a slower rate of change. Based on
data acquired through late adolescence, the theoretical
point of convergence when high- and low-risk groups
would be indistinguishable was calculated to be at age 18
for the auditory condition and 22 for the visual (Hill et al
1999c). Empirical data (Hill et al, unpublished manu-
script) confirm that, as with other developmental mile-
stones that can be delayed during childhood (e.g., onset to
walk or talk) but are clearly present by adulthood, the
average P3b amplitude for the high- and low-risk groups
are virtually identical by young adulthood as was pre-
dicted theoretically on the basis of longitudinal growth
analyses projected to young adulthood (Hill et al 1999c).

Although the previous report had identified overall
differences in the rates of change between high- and
low-risk children and adolescents, visual inspection sug-
gested the presence of multiple trajectory patterns. This
report is based on an admixture analysis of subject data
from the growth curve data set but restricted to partici-
pants for whom at least five repeated annual assessment
waves of data were available. The goal of this analysis was
to determine if risk status confers a different developmen-
tal pattern across childhood and adolescence. A secondary
goal was to determine if pattern type would be related to
the individual diagnoses of the offspring studied. To
establish that P3b is a trait marker for psychiatric illness,
it is important to rule out contributions from state variables
such as concurrent psychiatric illness in the participants

studied. It was expected that the results of these analyses
might point the way to underlying neurobiological sub-
types associated with risk for development of psychiatric
illness that might be recognizable in childhood. Identification
of developmental variants might potentially provide a means
for identifying children at an especially high risk for devel-
oping adult psychopathology for targeted interventions.

Methods and Materials

Subjects
We followed annually 126 children between the ages of 8 and
18 who were offspring of parents enrolled in a large family
study. The children were either at high or low risk for develop-
ing alcohol dependence based on differing familial loading for
alcohol dependence. Some of these children and adolescents
have matured into a second initiative designed to address
prevalence of psychiatric disorders in young adults (ages 19–30)
who vary by family history of alcohol dependence. Data for a
subset of 85 children having at least five waves of data were
analyzed to obtain developmental trajectories of P3b amplitude.
These 85 children consisted of 49 high-risk and 36 low-risk
individuals (45 male and 40 female subjects). Among this subset
are 35 subjects who have been followed into young adulthood
(18 high-risk and 17 low-risk). Among these were 21 men, and
14 are women. All subjects gave their informed consent to
participate in the study on each visit to the laboratory. The
protocol was approved by the institutional review board for the
ethical treatment of human subjects.

The high-risk families, enrolled in the larger family study,
were ascertained through a proband pair of male alcoholic
siblings. The majority of adult family members of the pedigree
were administered Diagnostic Interview Schedule (DIS) to de-
termine the presence or absence of alcohol dependence and other
Axis I diagnoses using both DSM-III (the criteria in use when the
study originated) and Feighner criteria (Feighner et al 1972) and
a best estimate diagnosis reached with another clinician (PhD or
MD level) as previously described (Hill et al 1987). Control
children and adolescents were also drawn from the larger family
study. Low-risk control families were chosen for minimal Axis I
DSM-III psychopathology, including alcohol dependence, by
interviewing an index case who volunteered for the study and the
majority of his first-degree relatives. Family history supple-
mented evaluations where first-degree relatives could not be
directly interviewed.

Clinical Assessment of Children and Adolescents
Each child and his or her parent was separately and blindly
administered the Schedule for Affective Disorders and Schizo-
phrenia for School-Aged Children (K-SADS; Chambers et al
1985) by trained (master’s level) interviewers. Best estimate
diagnoses were obtained by a second clinician (a third or fourth
year resident in an integrated child/adult psychiatry program).
Discrepancies were resolved in the presence of a third clinician.
The presence or absence of any childhood diagnosis was used to
classify subtypes of high- and low-risk children.
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Clinical Assessment—Young Adults
Subjects over age 18 were interviewed by a trained master’s level
clinician using the Composite International Diagnostic Interview
(CIDI) to obtain a current diagnosis for the past year.

Event-Related Potentials—Visual Procedure
The visual event-related potential task employed was patterned
after the procedure originally used by Begleiter et al (Begleiter et
al 1984). Presentation conditions were identical to those previ-
ously reported (Hill et al 1999b, 1999c; Hill and Steinhauer
1993). Stimuli are presented at a duration of 33 msec (intertrial
interval 2.25–4 sec). The nontarget stimulus is a simple circle to
which the subject is instructed not to respond (blank condition).
The target condition consisted of one of four possible views of a
stick figure “head” with a “nose” and only one “ear.” The subject
is instructed to press the button that corresponds to the depicted
ear. Subjects are required to respond to a condition in which the
nose is oriented upward and the ear (right or left) is on the same
side as the button depressed, or a condition in which the ear is
depicted on the opposite side of the head as the button pressed
requiring spatial rotation of the “head.” The present analysis was
based on the latter condition. Each subject was given 240 trials.

Recordings are obtained from electrodes placed at midline
frontal, vertex, parietal, and occipital locations (Fz, Cz, Pz, Oz,
respectively) as well as left and right parietal sites (P3, P4). All
active electrodes were referred to linked ears, with a forehead
ground. Eye movement and blink artifacts were recorded by an
additional electrode located under the left eye, which also was
referred to linked ears. Data were digitized for 1200 msec at 125
Hz, beginning 200 msec before the stimulus onset, and stored on
magnetic media. Artifact-free trials (eye artifact trials exceeding
approximately 50 �V were discarded) were averaged for each
condition and electrode. In our laboratory, the P3b component is
identified using an interactive computer algorithm that chooses
the maximal amplitude for a given component (at Pz for P3b)
within a predefined latency window (264–424 msec). This
analysis was based on P3b amplitude recorded at the parietal
electrode.

Statistical Analysis
LATENT VARIABLE GROWTH MIXTURE MODELING.

Growth mixture modeling is one approach for integrating vari-
able-centered (relationship among variables) and person-cen-
tered (heterogeneous groups of individuals) analyses (Muthén
and Muthén 2000). For this analysis, growth mixture modeling
with latent trajectory classes (Muthén and Shedden 1999) was
used to assess changes in the amplitude of the visual P3b
amplitude recorded at the five time points (Figure 1), here the
outcome variable in the latent mixture models tested. Three latent
continuous variables were used: the intercept, linear, and qua-
dratic growth factors.

Before applying growth mixture model analysis, data were
inspected to determine the type and frequency of patterns
obtained. Five patterns could be identified visually with varying
frequency (33%, 29%, 22%, 14%, and 2%). Based on this
frequency distribution, it was clear that more than one and less

than five patterns would probably be the most appropriate
solution. To more precisely determine appropriate class catego-
rization, growth mixture models with varying numbers of classes
were estimated using the Mplus program (Muthén and Muthén
1998). Model selection was implemented by comparing the
Bayesian information criterion (BIC) derived from each model.
The lower the BIC value, the better the model is considered to fit
the data. In addition, the posterior probability that each individ-
ual belonged to a given class was estimated. Individuals were
then classified into the appropriate trajectory class using the
highest probability estimates for subsequent analyses.

FACTORS ASSOCIATED WITH TRAJECTORY MEMBER-

SHIP. Associations between gender, risk status (high or low
risk for developing alcohol dependence), childhood lifetime
psychopathology (no disorder or any disorders), and visual P3b
amplitude growth curve classes were assessed by using the �2

statistic.

MODEL FIT FOR ELECTROPHYSIOLOGICAL DATA.

Growth mixture models of varying number were applied to the
P3b amplitude data to find the least number of classes that
provided the best fit to the data based on the suggestions of
Múthen and Múthen (2000). Three considerations were followed:
1) the BIC statistic was used to test the goodness of fit of the data
to the models using maximum likelihood estimation while
keeping models parsimonious (the lowest BIC value implied the
best fit model); 2) classification quality was assessed by exam-
ining the posterior probability that each individual belonged to a
specific class; and 3) utility of the latent class solution was

Figure 1. Visual P3b amplitude data were analyzed for children
and adolescents for whom five consecutive repeated measures at
approximately annual intervals were available. The model illus-
trates the structure of the latent variable growth mixture models
tested.
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evaluated by determining if individual trajectories of members
within a class accurately reflected the class pattern.

Results

To determine the best-fit model, BIC values, classification
quality, and utility of the latent class were examined. The
BIC statistics were 3184.64 for the one-class model,
3097.95 for the two-class, 3109.25 for the three-class,
3104.50 for the four-class, 3118.45 for the five-class, and
3130.55 for the six-class solutions. BIC values for a single
class or more than four were quite large and not further
considered. The average estimated posterior probabilities,
conditional on the class assignment for the two, three, and
four-class solutions, revealed that the classification errors
were similar and reasonably low. Therefore, based on the
first two considerations, two, three, and four-class models
were considered as optimal models for the data.

Because of an insufficient number of cases in two
classes of the four-class model, this model was not
considered further. Although the BIC value was slightly
better for the two-class solution than the three-class
solution, the three-class model was chosen because it most
accurately reflected the number of classes found on visual
inspection of all of the trajectory data. Moreover, individ-
ual class membership could be achieved with good confi-
dence based on the average difference between likelihoods
across pairs of comparisons. Specifically, each individual
had a likelihood estimated for each of the three classes.
Inspection of these likelihoods revealed that placement of
a given subject in either of the two most extreme classes
(e.g., disparity between likelihoods was greatest), resulted
in a mean difference across all subjects of .85 � .015.
Even in the case where placement in either of two classes
was more ambiguous (the smallest likelihood difference
between any two classes for a given individual) when
averaged across all subjects also gave reasonably large
values (.71 � .03), indicating that placement in a specific
class could be done with minimal ambiguity for each
individual.

Figure 2 illustrates the three estimated developmental
curves of P300 amplitude for the three-class solution: high
intercept P3b—flat trajectory (Class 1), representing 26%
of the participants; high intercept P3b—downward trajec-
tory (Class 2), which included 54% of the subjects; and
low intercept P3b—flat trajectory (Class 3), which repre-
sented only 20% of the children/adolescents studied. The
mean ages and gender distribution for each class can be
seen in Table 1.

K-SADS Diagnoses

K-SADS diagnoses were obtained at approximately yearly
intervals during the child–adolescent developmental pe-

riod for which ERP was recorded. Among the 85 children
and adolescents for whom P300 trajectories were classi-
fied, 37 reached an average age of 15.6 � 2.1 years
without having received a child or adolescent diagnosis
(the age at the last interview). Analysis of the concurrent
relationship between P3b Class membership and K-SADS
diagnosis was based on only the first five waves of
available data.

CIDI Diagnoses

The individuals followed into young adulthood were 20.1 �
1.3 years of age at the time of their CIDI interview. The
majority of the 35 cases (66%) did not meet criteria for
having had a psychiatric illness within the past year; how-
ever, among the young adults receiving a diagnosis, the
majority (76.9%) had a substance use disorder. The high rate
of substance use disorders probably reflects the familial risk
for alcohol dependence that the high-risk members of this
cohort have. (Among the nine individuals with a substance
use disorder, only two came from control families.)

Risk Status and Class Membership

As may be seen in Table 2, an approximately even
proportion of high- and low-risk children, both boys and
girls, were found in Class 1 and 2, whereas high-risk
children outnumbered low-risk children by more than 2 to
1 in Class 3, although not significantly (�2 � 3.75, df � 2,
ns). The proportion of children classified as having one of

Figure 2. Estimated growth curves are illustrated for the three-
class solution that provided the best fit to the visual P3b
amplitude data analyzed obtained at the five annual assessments.
Actual data are plotted for each curve. Note that 2 years
separated waves 1 and 2.
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the three patterns were, for Class 1, 2, and 3, respectively,
as follows: high-risk: 26.5%, 46.9%, and 26.5%; low-risk:
25.0%, 63.9%, and 11.1%).

Gender and Trajectory Patterns

Table 2 displays the observed frequencies of cases by
gender, familial risk, and the presence of a child/adoles-
cent lifetime diagnosis for each class. Although there was
no evidence that the proportion of individuals classified
into the three trajectory patterns differed by gender only
(�2 � 1.47, df � 2, ns), the interaction of risk and gender
was further tested, based on previous findings (Hill et al
1999c).

Risk Status, Gender and Class Membership

Analysis by risk within each gender altered the results
dramatically. The proportion of high- and low-risk boys in
each of the classes differed significantly. More high-risk
than low-risk boys fell in Class 3 (z � 2.06, p � .04),
whereas fewer high-risk boys were in Class 1 (z � �2.12,
p � .03). These findings are consistent with previous
results showing significantly different growth curves for
P300 amplitude when high- and low-risk male subjects
were compared (Hill et al 1999c). Fewer high-risk than
low-risk girls were found in Class 2 (z � �2.59, p � .01).

Childhood Diagnosis

The pattern of visual P3b amplitude across the child–
adolescent developmental period studied was significantly

related to the presence of childhood diagnosis (�2 � 9.23,
df � 2, p � .01). The proportion of children with a diagnosis,
followed by those without in the three classes were as
follows: Class 1: 20.9% and 31.0%; Class 2: 46.5% and
61.9%; Class 3: 32.6% and 7.1%, respectively. There were
significantly more children and adolescents who had any
lifetime disorder in Class 3 (z � 3.10, p � .002) compared
with individuals who had no diagnosis. Previous reports have
suggested that the presence of externalizing psychopathology
(conduct disorder symptoms) is responsible for lower ampli-
tude P3b in childhood and adolescence (Bauer and Hessel-
brock 1999). Because of the small number of individuals in
pattern 3, we could not determine if membership in this group
was specifically associated with externalizing disorders or
more generally associated with presence of a diagnosis;
however, it may be noted that among the children in group 3
with a diagnosis, 23.5% had an externalizing disorder, 29.4%
had an internalizing disorder, and 29.5% of the children had
both an internalizing and an externalizing disorder. There-
fore, it appears that this pattern is not associated with any
particular type of psychopathology.

Risk and Childhood Diagnosis

Significant trajectory differences were seen when risk
status was combined with the presence or absence of
lifetime psychopathology (�2 � 21.31, df � 6, p � .002).
Accordingly, Class 3 contained more male and female
high-risk children with any diagnosis by lifetime history
than low-risk control subjects with any diagnosis (z �
3.27, p � .001). In addition, analysis within Class 3

Table 1. Means (SE) of Age (Years) by Gender and Class Membership

Class 1 Class 2 Class 3

Male
n � 9

Female
n � 12

Male
n � 24

Female
n � 22

Male
n � 12

Female
n � 6

First evaluation 8.56 (.34) 8.58 (.38) 9.46 (.32) 9.64 (.33) 9.58 (.61) 9.67 (.76)
Second evaluation 10.44 (.53) 10.25 (.52) 11.71 (.38) 11.77 (.38) 11.75 (.57) 11.17 (.75)
Third evaluation 11.44 (.53) 11.25 (.51) 12.67 (.38) 12.73 (.39) 12.75 (.57) 12.67 (.76)
Fourth evaluation 12.44 (.53) 12.17 (.52) 13.79 (.37) 13.82 (.38) 13.75 (.57) 13.67 (.76)
Fifth evaluation 13.33 (.50) 13.17 (.52) 14.79 (.37) 14.82 (.36) 14.67 (.59) 14.67 (.76)

Table 2. Percentage of Children Classified by Trajectory Pattern and Risk Group Status

High-Risk Children Low-Risk Children

Class 1
26.5%

(n � 13)

Class 2
46.9%

(n � 23)

Class 3
26.5%

(n � 13)

Class 1
25.0%

(n � 9)

Class 2
63.9%

(n � 23)

Class 3
11.1%

(n � 4)

Male 23.1% 60.9% 69.2% 77.8% 43.5% 50%
Female 76.9% 38.1% 30.8% 22.2% 56.5% 50%
No diagnosis 61.5% 52.2% .00% 55.6% 60.9% 75%
Any diagnosis 38.5% 47.8% 100% 44.4% 39.1% 25%

Number of Children are in the parentheses—classification was based on five separate ERP assessments for each child. Data are presented for gender and diagnosis within
the the trajectory classes.
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showed that significantly more high-risk children with any
lifetime diagnosis were included in this class than high-
risk children with no diagnosis (z � 4.85, p � .001).

Risk, Childhood Diagnosis, and Gender

Membership in the three classes was found to differ by
risk status, the presence of any childhood diagnosis, and
gender (�2 � 35.12, df � 14, p � .001). The presence of
a childhood diagnosis altered the likelihood of fitting a
particular trajectory class even among control individuals.
Comparing low-risk boys without a diagnosis to high-risk
boys with a diagnosis, a significant difference was found
(z � 2.80, p � .005). High-risk girls with one or more
childhood diagnoses had P3b trajectories typical of the
Class 3 pattern more often than did high-risk girls without
a diagnosis (z � 2.58, p � .01). For high-risk boys, the
presence of a lifetime diagnosis increased the likelihood
that the high-risk boys would have a Class 3 pattern in
comparison to high-risk boys without a diagnosis (z �
4.13, p � .001).

Level of Risk, Age of Onset to Develop Childhood
Diagnoses and Class Membership

Age of onset to begin regular drinking has been shown to
be related to the likelihood that an individual will develop
alcohol dependence (Grant and Dawson 1997). High-risk
offspring have an earlier onset to begin drinking than do
low-risk control subjects (Hill et al 2000). The amplitude
of P300 appears to be related to substance abuse outcome
at 8-year follow-up (Hill et al 1995c). High-risk children
also have a greater likelihood of having a psychiatric
disorder (Hill et al 1999a). Therefore, data were analyzed
to determine if membership in specific P300 trajectory
categories would be related to age of onset to develop
psychopathology. Knowing that a child or adolescent is at
higher risk for developing psychiatric disorders in child-
hood, adolescence, or adulthood based on their familial
and genetic loading is a useful prediction; however, it was
hypothesized that those at highest risk might be identified
by relating childhood diagnoses to the developmental
P300 patterns identified. Accordingly, a survival analysis
was performed using the earliest age of onset of any
diagnosis based on the presence of a K-SADS diagnosis
(e.g., depression, anxiety disorders, attention-deficit/hy-
peractivity disorder, oppositional defiant disorder, conduct
disorder). These diagnoses were obtained prospectively at
approximately yearly intervals allowing for relatively
precise ages of onset. Comparison of high-risk children in
Class 1 and 2 versus those in Class 3 revealed a significant
difference (Tarone-Ware statistic � 4.76, df � 1, p � .03).
Clearly, those having a Class 3 pattern not only were more
likely to have a diagnosis but also developed a disorder

earlier than those having either a Class 1 or 2 pattern.
Figure 3 illustrates the differing survival curves of high-
risk individuals in Class 3 versus those in Classes 1 and 2.

Young Adult Diagnosis and Class Membership

An analysis was performed contrasting young adults with
any diagnosis with those without a diagnosis. A 2 � 3 chi
square revealed a significant overall effect (�2 � 6.65,
df � 2, p � .04). Also, within Class 3 significantly more
young adults with a diagnosis were found than those
without (z � 3.30, p � .001).

Discussion

Our study demonstrated that varying patterns of develop-
mental change in P3b amplitude occur among children.
Using admixture latent growth variable modeling, three
distinct patterns could be identified: high intercept P3b
with a flat trajectory (Class 1); high intercept P3b with a
downward trajectory (Class 2); and low intercept P3b with
a flat trajectory (Class 3). Class 1 children displayed
amplitudes that were higher than the mean for the entire
group (over 35 �V) and remained at this level across the
observation period. Class 2 was the most frequently
occurring pattern and was characterized by higher ampli-
tude (over 35 �V) at the youngest age, followed by a
steady decline to approximately 25 �V at age 14. Class 3
membership occurred in approximately 20% of children
evaluated and was characterized by lower P3b (approxi-
mately 20 �V) at the youngest ages studied with a slow
rate of change from age 9 to 14. Results of this analysis
suggest that the proportion of individuals having particular

Figure 3. Survival curves for the age of onset at first childhood
diagnosis among high-risk for alcoholism offspring. Membership
in Class 3 P3b developmental trajectory pattern increases the
likelihood that a child with a familial/genetic risk for alcohol
dependence will exhibit a childhood diagnosis by a given age.
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trajectories differed by gender, risk status, and presence or
absence of childhood diagnoses.

A major finding of this study was that the developmen-
tal trajectories of P3b amplitude obtained over the age
range studied (9–14 years) were related to the child’s
familial risk for developing alcohol dependence in com-
bination with the presence or absence of the child’s
personal diagnosis. This diagnosis was based on the
concurrent disorders of childhood and adolescence occur-
ring between the ages of 9 and 14 and those obtained for
a subset of individuals followed to young adulthood. For
the concurrent results, it was shown that among high-risk
children those with the highest risk for developing a
childhood disorder could be predicted based on member-
ship in the Class 3 P3b developmental trajectory pattern.
Although the number of subjects available for the young-
adult comparison is rather small, these findings do suggest
the possible utility of the P3b developmental trajectory as
an indicator of risk for developing a psychiatric disorder.

Our results confirm a previous growth curve analysis of
the 8- to 18-year-old developmental period in which it was
demonstrated that risk status confers a greater likelihood of
having lower P3b at the youngest ages studied, and a slower
rate of change in amplitude during childhood and adoles-
cence, especially in high-risk male children (Hill et al 1999c).
High-risk female children exhibit this pattern but only in the
presence of a childhood diagnosis (Hill et al 1999c). Simi-
larly, our admixture analysis confirms that both the presence
of a childhood diagnosis and high-risk status are necessary in
girls to increase the likelihood of having a Class 3 pattern
characterized by lower P3b amplitude and a slower rate of
change across adolescence. Thus, although gender differ-
ences do exist, it is reasonable to conclude that high-risk
children overall can be distinguished from control children on
the basis of the P3b trajectories that they display during
childhood and adolescence.

Our findings have relevance to recent suggestions that
reduced amplitude of P3b seen in association with familial
risk for developing alcoholism is actually due to the
greater likelihood that family history positive youth will
have externalizing psychopathology, namely, conduct dis-
order (Bauer and Hesselbrock 1999). This suggestion is
part of a continuing dialogue concerning the overlap
between antisocial personality disorder, alcohol depen-
dence, and P300 (Bauer and Hesselbrock 1999; Bauer et al
1994; Carlson et al 1999; Costa et al 2000). Based on
cross-sectional data obtained from youth who were as-
sessed for presence of conduct symptoms and family
history of alcohol dependence, Bauer and Hesselbrock
(1999) concluded that reduced amplitude of P300 was
seen in association with conduct disorder symptoms (sub-
jects did not meet DSM-IV criteria for conduct disorder)
and that no evidence had been found that the family

history variable was responsible for the reduction in
amplitude; however, Bauer and Hesselbrock used the
presence of a single alcoholic first-degree relative to
define the family history positive group. Greater loading
of alcohol dependence in our study may have made it
possible to detect familial risk differences and the impact
of this variable on P3b amplitude.

Our analysis has demonstrated that the presence of any
diagnosis and familial risk together increases the likeli-
hood that an individual would have a Class 3 P3b
developmental trajectory. High-risk boys and girls were
more often in this category if they had a childhood
diagnosis. Because persons in the any diagnosis category
were as likely to have an internalizing as externalizing
disorder, the presence of an externalizing disorder alone
does not appear to explain the increased likelihood of
membership in the lower P300 amplitude, slower devel-
opmental change group (Class 3). This seems to suggest
that the hypothesis offered by Bauer and Hesselbrock
(1999) that the presence of an externalizing disorder
mediates the family history effect on reduced P3b ampli-
tude may not be sufficiently comprehensive. First, the
effect of diagnosis on reduced P3b seen in Class 3
suggests that the presence of any diagnosis, internalizing
or externalizing, is associated with reduced amplitude.
Second, for mediation to occur, one would need a sample
in which an opportunity for revealing family history
effects is possible. Moreover, statistical tests need to be
performed to determine if externalizing psychopathology
can substitute for the family history of alcohol dependence
using guidelines such as those offered by Baron and
Kenney (1986). This would require the use of oversam-
pling of multiplex families, as was done in our study.

Developmental changes in the volume of limbic struc-
tures that have been observed in adolescents studied
longitudinally (Giedd et al 1999; Jacobsen et al 1998;
Jernigan and Sowell 1997; Pfefferbaum et al 1994) may be
related to developmental changes in P3b amplitude that
result in identifiable patterns in growth trajectories (Hill et
al 1999c). Some of the regions that appear to increase in
volume during childhood and adolescence (e.g., hip-
pocampus, amygdala) also appear to be good candidates
for the underlying source generators for P300 (Halgren et
al 1980; Kirino et al 2000; Knight 1996) interacting with
prefrontal and temporal–parietal areas (Kirino et al 2000;
Comerchero and Polich 1999). Recently, right amygdala
volume of high-risk male subjects was found to differ
from age- and IQ-matched control subjects (Hill et al
2001). The right amygdala, in contrast with the left, shows
increases in volume during adolescence (Jacobsen et al
1998), suggesting that high-risk offspring may show
slower rates of change in this region than do control
subjects.
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In conclusion, a longitudinal study of children followed
for up to 11 years has provided the opportunity to analyze
a subset of these children for whom at least five waves of
data exist. Admixture analysis has revealed three distinct
patterns of development of visual P300 amplitude. One of
the less frequently occurring patterns (Class 3) appears to
be associated with greater likelihood that the individual
comes from a high risk for alcoholism family and is
associated with greater likelihood that the individual has a
childhood disorder. This pattern appears to be equally
associated with having an externalizing or internalizing
disorder. Moreover, this pattern appears to predict the
likelihood that a young adult will have a psychiatric
disorder. Because the study design emphasizes the child-
hood and young adult psychiatric status of offspring of
alcoholics from multigenerational families, the predomi-
nant disorder seen among these young adults to date
appears to be substance abuse and dependence. Although
the finding for the young adult sample is of a preliminary
nature, follow-up is continuing, which will aid in confirm-
ing whether childhood and adolescent P3b patterns can be
used as predictors of young adult psychiatric status. The
relationship between childhood diagnoses, risk status, and
P3b patterns was based on a larger number of assessments,
a total of 425 in all, and confirms previous analyses
suggesting differing growth curve trajectories for off-
spring at high and low risk for developing alcohol depen-
dence. This analysis extends the previous work (Hill et al
1999c) by showing that the presence of a concurrent
childhood diagnosis is associated with a greater likelihood
of lower P3b at the younger ages studied, followed by a
slower rate of change through late adolescence.
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