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P3 amplitude reduction (P3AR) predicts risk for illegal substance abuse. Most of the existing research has focused 
on P3 recorded from parietal scalp sites. Conversely, frontal lobe dysfunction is considered influential in the 
development of substance abuse. To our knowledge, this study is the first to examine the predictive ability of 
P3AR recorded exclusively from a frontal scalp electrode. P3 was elicited with a visual task in 382 adolescent 
males from a community sample at age 14, some of which developed an illicit substance abuse (ISA) disorder 
before the age of 17. Reduced P3 measured at the Fz, but not Pz, electrode was associated with the development 
of illicit substance abuse or dependence at age 17. 
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Illicit substance abuse and dependence (ISA) has 
profound human and economic costs (e.g. Cohen, 1998). 
Treatment and prevention efforts might be aided through a 
better understanding of what factors predispose an individual to 
use illegal drugs. It has been established that the etiology of 
substance abuse and dependence includes both genetic (e.g. 
Cadoret, Troughton, O'Gorman, & Heywood, 1986) and 
environmental (e.g. Tsuang et al., 1996) components. As with 
any behavior as complex as illegal drug use, many 
heterogeneous variables contribute to individual outcomes. 
Efforts to understand the complex interplay of genes and 
environment must therefore proceed simultaneously from 
various disciplines and theoretical perspectives. 

Analysis of Event-Related Potentials (ERPs), a form 
of  processed   electroencephalogram  (EEG)   data,   has  been  
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shown to be useful in indentifying individuals at high risk for 
substance abuse. EEG measurements are obtained by placing 
electrodes on the scalp and recording the observed changes in 
electric potential. ERPs are calculated by collecting EEG data 
over the course of many stimulus presentations (e.g. visual 
stimuli presented on a computer screen) and averaging the 
resulting waveforms. The various positive and negative 
deflections in a stereotypical ERP waveform have been 
categorized and named, with certain features thought to 
represent specific cognitive processes. The earliest detectable 
electrophysiological responses to stimuli are associated with 
simple sensory processes, while mid-latency and late 
components are thought to reflect neural activity involved in 
more complex cognitive and affective processes (Luck, 2005). 
The P3 (or P300) is a late, positive-going deflection typically 
observed 250-400 milliseconds after stimulus presentation and 
is involved in what has been termed “context updating” 
(Donchin & Coles, 1988), which is the modification of 
expectations about the stimulus environment. The size, or 
amplitude, of the P3 deflection varies with stimulus 
characteristics that include salience, relative infrequency, and 
task relevance (Luck, 2005).  

The theory of context updating rests on the reasonable 
assumption that humans and other animals continuously 
maintain a representation of their environment, sometimes 
called “working memory.” Working memory includes 
organisms’ expectations about their environment, which are 
modified by the ongoing integration of incoming sensory 
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information. Sensory experiences that are not anticipated based 
on one’s current expectations are particularly important for the 
“updating” of cognitive representations of one’s stimulus 
environment, or “context.” The P3 is reliably enhanced 
following unexpected stimuli (Donchin & Coles, 1988). 

P3 amplitude reduction (P3AR) is associated with 
illegal drug abuse, (Bauer, 1997; Biggins, MacKay, Clark, & 
Fein, 1997) as well as alcohol abuse (Carlson, Katsanis, 
Iacono, & Mertz, 1999) and tobacco abuse (Anokhin, et al., 
2000). Importantly, P3AR in adolescents has also been shown 
to predict the development of illicit drug abuse (Carlson, 
McLarnon, & Iacono, 2007) and alcohol abuse (Carlson, 
Iacono, & McGue, 2004; Hill, Steinhauer, Lowers, & Locke, 
1995) later in life. To our knowledge, this is the first study to 
specifically examine the predictive validity of frontally 
recorded P3AR with respect to illegal drug abuse. 

ERP research dealing with substance abuse has 
generally recorded the P3 at parietal scalp sites. Several factors 
have motivated the historical focus on parietal areas. 
Centroparietal scalp locations are the site of the largest and 
most easily observable P3 and were the focus of Donchin and 
Coles’ (1988) groundbreaking theory. Researchers have since 
benefited by conducting experiments that can be easily 
interpreted in terms of Donchin and Coles’ understanding of 
the P3.  However, the localization of executive cognitive 
function in the frontal lobes of the brain (e.g. Smith & Jonides, 
1999) suggests that P3 amplitude measured from frontal scalp 
locations might more directly measure the cognitive processes 
relevant to ISA than parietally-recorded P3. Executive 
functioning includes goal-directed behavior, planning, and 
decision-making processes, and has been associated with risk 
for ISA (Nigg et al., 2006) and alcoholism (Deckel & 
Hesselbrock, 1996; Nigg et al., 2006).  

Several potential advantages of using P3 amplitude 
obtained from the Fz electrode site (a point on the midline of 
the frontal area of the scalp) rather than Pz (midline parietal) 
measurements remain to be explored. For example, Hill et al. 
(1999) reported that differences in P3 amplitude between high-
risk and low-risk groups decrease over the course of 
adolescence. The analyses conducted by the Hill group 
combine P3 amplitude measured at four electrode sites along 
the midline of the scalp (Fz, Cz, Pz, and Oz) with left and right 
parietal sites (P3 and P4).  It is possible that the P3 as 
measured specifically at the Fz electrode site might not be 
subject to the same gradual decrease in predictive value as 
subjects mature. This suggests the possibility that it might 
potentially discriminate between high-risk and low-risk adults 
when the Pz site is not suitable.  

This study aims to contribute to existing evidence that 
P3 amplitude indexes risk for substance abuse by demonstrating 
the predictive validity of frontally recorded P3 amplitude. It is 
hypothesized that frontal P3AR at age 14 predicts the eventual 
development of ISA as assessed at age 17. Establishing that the 
P3 as observed at frontal scalp sites predicts the eventual onset 
of ISA would complement existing techniques available to 
discriminate between high and low-risk groups. It might also 

represent a biological marker of genetic predisposition to ISA 
that more directly assesses relevant brain activity in the 
prefrontal cortex than does parietally recorded P3 amplitude.  

 
METHOD 

 
Participants 
 The participants (N=382) in this study were 
adolescent males drawn from the Minnesota Twin Family 
Study (MTFS), a large longitudinal study with an emphasis on 
the role of genetic factors in substance abuse and 
psychopathology. Same-sex twin pairs recruited for the MTFS 
were identified using Minnesota birth records and represent an 
epidemiological sample of Minnesota’s population at the time 
of recruitment.  

Upon intake, the twins and their families travel to the 
University of Minnesota for a day of assessment. During this 
visit, the 11-year-olds gave written assent to participate and 
written consent was obtained from their guardians. The 
participants then returned for follow-up visits every three to 
four years. More information about the MTFS can be found in 
Iacono and McGue (2002). 
 The positive ISA diagnosis group included 87 
participants who met the requirements for an illicit substance 
abuse or dependence diagnosis at any point up to their second 
follow-up, and the non-ISA group consisted of 295 participants 
free of any substance use diagnoses. The average age for the 
positive diagnosis group was 18.14 years (SD = 0.747) and 
17.87 years (SD = 0.604) for the control group. Diagnoses of 
other psychological disorders did not affect group assignment 
for either the ISA-positive or control group. 
 
Assessment of Substance Abuse 

Assessment of substance abuse was achieved using the 
Substance Abuse Module (SAM; Robins, Babor, & Cottler, 
1987) of the Composite International Diagnostic Interview. 
Information regarding substance abuse behavior of the 
participants was also collected from their parents and co-twin. 
This data was then reviewed by at least two graduate students 
trained in clinical diagnosis, and diagnoses were assigned when 
a consensus on the presence of symptoms had been met. 
Diagnoses were based on the DSM-IV-TR criteria.  
 
Event-Related Potential Measurement 
 The psychophysiological evaluations considered in this 
study were conducted at the twins’ first follow-up visit.  At this 
time the participants were between 14 and 16 years old, with an 
average age of 14.82 years (SD = 0.486) for the positive 
diagnosis group and 14.73 years (SD = 0.445) for the control 
group. Data from the first follow-up visit were used because it 
was the first time that ERP measurements at frontal electrode 
sites were conducted.  

The task used to elicit ERPs was a modified version of 
the rotated heads task described in Begleiter, Porjesz, Bihari, 
and Kissin (1984) and is illustrated in Figure 1. The rotated 
heads   task  is   a  type   of  visual   “oddball”  paradigm,   the  
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FIGURE 1.  Participants are instructed to watch a monitor on which is 
displayed one of the above images. The four target conditions are 
presented on the left, the non-target image on the right. On target 
trials, the task requires that participants identify which side of the 
cartoon head has an ear and press the corresponding button. 

 
prototypical task designed to elicit the P3. It involves the 
repeated presentation at random of either a frequent or a rare 
stimulus. Participants are instructed to respond to the 
infrequent, or “target” stimulus.  P3 amplitudes to these stimuli 
are enhanced as a result of both their infrequency and their task 
relevance. This task has been used extensively in studies of risk 
for alcoholism and substance abuse.   

Participants watched a computer screen on which 
either a cartoon head with one ear (the infrequent target 
stimulus) or a plain oval (the frequent, nontarget stimulus) 
appeared every few seconds. Nontarget trials did not require 
the participant to make a response. On target trials participants 
were asked to respond by pressing one of two buttons to 
indicate if the ear is on the head’s right or left side. Target 
trials included two difficulty levels based on the orientation of 
the cartoon head. The trials in which the nose points up are 
referred to as “easy,” and the trials with the rotated head are 
referred to as “difficult,” since participants must perform the 
spatial visualization of figuring out right and left from the 
perspective of the cartoon head. As is convention in substance 
abuse literature, the data presented here represent the average 
across all target trials, without regard to difficulty status. 
Subjects were told to react as quickly and accurately as possible 
and were given the opportunity to practice before the 
assessment began.  
 Event-Related Potential measurements were made in 
the manner described in Iacono, Malone, and McGue (2003) 
and other MTFS publications. EEG data were collected using 
the Grass Systems Model 12 Neurodata Acquisition System 
(Grass Instruments, Quincy, MA). Electroencephalographic 
signals were recorded with 1/2 amplitude low- and high-
frequency filter settings at 0.01 Hz. The electrodes were 
referenced to linked earlobes and grounded on the participant’s 
right shin. Impedance was less than 10 kΩ for the ground and 5 
kΩ for the EEG. Data points were recorded at a rate of 256 Hz 
for 0.5 seconds preceding and 1.5 seconds following each 
stimulus presentation. The eye blink correction technique 
developed by Gratton, Coles, and Donchin (1983) was used 

along with a 7.5-Hz low-pass filter to minimize interference. 
Peak assignments were hand scored by an undergraduate 
research assistant blind to group status using the computer 
program MATLAB and guidelines designed to identify the third 
positive peak as the P3. 

 
RESULTS 

 
It was hypothesized that decreased P3 amplitude at 

either frontal or parietal electrode sites at age 14 would predict 
illegal drug use at age 17. An Analysis of Variance (ANOVA) 
was conducted comparing the grand average P3 amplitude for 
the ISA and control groups at frontal and parietal electrode 
sites. P3 amplitude at the parietal electrode site (Figure 2) did 
not predict ISA. [F(1,380) = 0.54, p=0.46; X non ISA−  
=29.77(9.55), X ISA  = 28.91(9.88)] P3 amplitude as observed 
at the frontal location did predict future substance use behavior, 
with the substance abuse group demonstrating markedly lower 
amplitude, F(1,379) = 5.85, p=.016. The amplitude of the P3 
component of the ISA group was 5.86 µV (SD = 7.25 µV), 
compared to significantly lower average amplitude for the 
control group: 3.56 µV (SD = 7.95 µV). Cohen’s delta 
(Cohen’s D) was used as a measure of effect size, and is 
calculated as the difference in microvolts between the groups 
divided by the total sample standard deviation. The effect size 
at the Fz electrode was 0.28 ((5.8 µV -3.6 µV)/7.85= 0.28).   
Cohen’s delta at the Pz electrode was 0.09 ((29.77 µV -28.91 
µV)/9.61=.09). The raw waveforms for the Fz electrode are 
pictured in Figure 2. The raw waveforms for the Pz electrode 
are pictured in Figure 3.    

  
DISCUSSION 

 
The evidence collected in this investigation supports an 

association between reduced frontal P3 amplitude and increased 
risk for developing an illicit substance abuse disorder. 
Although other work has indicated an association between 
parietal P3 amplitude and substance abuse behavior, the 
difference in the present sample was not significant. It is 
possible that a larger sample size would have revealed a 
significant effect at the Pz electrode that was not discernable in 
this group.  These results might suggest that the Fz electrode is  
 

 
 
FIGURE 2.  Grand Average ERP waveform in response to target stimuli as 
measured from the Fz electrode site. The waveform for the ISA group is 
represented by the solid line and the control group is dashed. 
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FIGURE 3.  Grand Average ERP waveform in response to target stimuli 
as measured from the Pz electrode site. The waveform for the ISA group 
is represented by the solid line and the control group is dashed. 

 
a better measure in that it is more sensitive to subtle differences 
between high and low-risk groups because it accesses brain 
functions more closely related to ISA risk factors. 

Iacono, Malone, and McGue (2003) considered P3 
amplitude as a candidate endophenotype relevant to the 
development of substance abuse disorders and other behaviors 
characterized by behavioral disinhibition. As defined by 
Gottesman and Gould (2003), endophenotypes are measurable 
traits somewhere along the causal chain between genotype and 
behavior or disease that present distinct diagnostic and 
etiological advantages over outwardly visible traits. From a 
diagnostic perspective, the endophenotype concept is appealing 
because it allows highly reliable physiological measurements to 
be used in place of less reliable techniques like self-reported 
symptoms. The present investigation aims to contribute to 
existing literature that considers P3 amplitude as a measurable 
index of genetic predisposition toward developing an illicit 
substance abuse disorder. The success of these efforts might 
simplify the search for genes that influence susceptibility to 
such disorders by helping to identify gene carriers (Iacono, 
Malone, & McGue, 2003). 

Iacono, Carlson, Taylor, Elkins, and McGue (1999) 
proposed that the frequent co-occurrence of substance abuse 
and a spectrum of psychological disorders including attention-
deficit disorder (ADD), antisocial personality disorder (ASPD), 
and conduct disorder (CD) can be partly explained by a 
psychological process common to all of these conditions. They 
theorized that a genetically determined failure to suppress 
behavioral impulses contributes to risk of developing these 
conditions. The tendency toward behavioral disinhibition has 
been termed an “externalizing” factor (Krueger et al., 2002).  
Compelling evidence suggests that psychophysiological (e.g. 
ERP, electrooculogram, and skin conductance) measurements 
can be used to identify individuals at risk for externalizing 

disorders, even as early as adolescence (Carlson, Katsanis, 
Iacono, & Mertz, 1999).  Furthermore, by assessing specific 
neural pathways of behavioral control, these 
psychophysiological measurements might shed light on the 
mechanisms by which risk is elevated in some individuals. In 
this context, our results suggest the tentative hypothesis that 
frontally recorded P3AR might represent decreased 
functionality in the frontal lobes corresponding to reduced 
ability to suppress behavioral impulses. 

Gathering evidence in favor of an association between 
frontal P3 amplitude and risk for illicit drug abuse is the first 
step towards establishing this measure as an endophenotype 
relevant to ISA disorders. However, further research is 
necessary for this measure to be most useful as such. In 
addition to being associated with a certain condition, Gottesman 
and Gould (2003) suggest several criteria by which candidate 
endophenotypes can be evaluated. These include: heritability, 
association with specific genes, independence from the current 
disease state, and incidence in family members of people with 
the condition at a higher rate than in the general population.  

P3 amplitude elicited under the ERP paradigm 
developed by Begleiter et al. (1984) has been found to be 
strongly heritable, with estimates ranging from 48% to 80% for 
men (Carlson & Iacono, 2006; Katsanis, Iacono, McGue, & 
Carlson, 1997; Yoon, Iacono, Malone, & McGue, 2006). 
Almasy et al. (1999) reported a heritability of 0.48 for frontally 
observed P3 elicited by this task. These heritability findings 
have spurred interest in finding specific genes associated with 
variations in P3 amplitude. Using an auditory oddball 
paradigm, Johnson et al. (1997) attributed 20% of the variance 
in frontal P3 amplitude to the cannabinoid receptor gene, 
CNR1. Using the same visual ERP paradigm as the present 
investigation, Hill et al. (1998) reported that carriers of the A1 
allele of the DRD2 dopamine receptor gene have lower P3 
amplitude as observed at parietal electrode sites. Other research 
(e.g. Lin, Yu, Chen, Tsa, & Hong, 2001) has produced mixed 
results regarding a connection between the DRD2 gene and P3 
amplitude.  

 
Limitations of the Present Study 
 Fifty-seven out of the 87 participants in this study’s 
ISA group received a concurrent alcohol abuse or dependence 
diagnosis. One potential confound of the results is that 
members of the ISA group drink more heavily than members of 
the non-ISA group and that the observed difference in 
amplitude between these two groups could be entirely 
accounted for by an analysis of quantity of alcohol consumed. 
This possibility represents an important question for follow-up 
research. 
 A further challenge involved in interpreting data that 
implicates P3 amplitude as an endophenotype specific to ISA is 
that P3 amplitude has been found to covary with a wide variety 
of psychological disorders. For example, schizophrenia (e.g. 
Duncan, Perlstein, & Morihisa, 1987; Eikmeier, Lodemann, 
Zerbin, & Gastpar, 1992) and depression (e.g. Gangadhar, 
Ancy, Janakiramaiah, & Umapathy, 1993)  are both  associated  
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with P3AR. However, as noted in Patrick et al. (2006), the 
effects of depression on P3 amplitude have been shown to be 
disease state-dependent (Yanai, Fujikawa, Osada, Yamawaki, 
& Touhouda, 1997). In contrast, the presence of P3AR prior to 
the development of ISA confirms that it is an enduring 
characteristic of individuals likely to abuse illegal drugs.  

One last potential confound of the present study is the 
possibility that unreported drug abuse before the age of 14 may 
have resulted in P3AR and promoted future risk for addiction. 
Additionally, despite the community sampling technique 
employed by the MTFS, its results are not universally 
generalizable. An epidemiological sample of the population of 
Minnesota is predominantly Caucasian and of Scandinavian 
descent. Finally, the limited scope of this study motivated its 
focus on males. The incidence of ISA in the MTFS sample is 
higher among males than it is in females. Using data from 
exclusively males allowed for a sufficiently large ISA group 
within the constraints of the scope of this study. Findings that 
reduced cognitive functioning is associated with substance 
abuse disorders in both males and females (Giancola, Mezzich, 
& Tarter, 1998, as cited in Giancola & Tarter, 1999) suggest 
that similar mechanisms are at work in both sexes. An 
important question for further research concerns the degree of 
similarity between the factors that are involved in the etiology 
of ISA for males and females. 

 
Future Directions 

An important question regarding the connection 
between P3 amplitude and ISA is whether a causal relationship 
exists between the brain processes accessed by P3 amplitude 
measurement and these disorders, or if P3 amplitude decrement 
simply serves as an indirect marker for increased risk. If P3AR 
is only a marker for the presence of genetic predisposition to 
ISA, then it has clinical utility in identifying at-risk adolescents 
for intervention and treatment prior to the onset of pathological 
drug use. However, if the neurogenerators of the P3 
component directly implement executive functioning or 
behavioral control ability in the prefrontal cortex, our results 
also suggest that intervention and treatment programs should be 
targeted at specific brain regions. This issue requires further 
investigation and will have implications for a broad class of 
psychophysiological research.  

In order to confirm frontal P3 amplitude as an 
endophenotype relevant to the development of illicit substance 
abuse disorders, more work is needed to demonstrate that it 
fulfills the requirements proposed by Gottesman and Gould 
(2003). Further research is also needed in order to tease out the 
subtle differences in frontal and parietal P3 amplitude as a 
predictor of ISA. It would be interesting to see whether 
differences in frontal P3 amplitude in adolescents represents a 
developmental delay as Hill et al. (1999) suggest is generally 
the case for P3 amplitude.  If not, Fz measurements may be 
exceptionally useful for discriminating between high-risk and 
low-risk adults across development. 
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