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Background: Dopaminergic neurotransmission is im-
plicated in externalizing behavior problems, such as ag-
gression and hyperactivity. Externalizing behavior is
known to be negatively associated with cognitive abil-
ity. Activation of dopamine D4 receptors appears to in-
hibit the functioning of the prefrontal cortex, a brain re-
gion implicated in cognitive ability. The 7-repeat allele
of the dopamine D4 receptor gene produces less effi-
cient receptors, relative to other alleles, and this may al-
ter the effects of dopamine on cognitive function.

Objective: To examine the influence of a polymor-
phism in the third exon of the dopamine D4 receptor gene
on the association between externalizing behavior and IQ.

Design: In 1 community sample and 2 clinical samples,
the presence or absence of the 7-repeat allele was exam-
ined as a moderator of the association between external-
izing behavior and IQ; the strength of this effect across
samples was estimated meta-analytically.

Patients: Eighty-seven boys from a longitudinal com-
munity study, 48 boys referred clinically for aggression,

and 42 adult males diagnosed with attention-deficit/
hyperactivity disorder.

Main Outcome Measures: [Q scores and observer rat-
ings of externalizing behavior were taken from existing
data sets.

Results: Among individuals lacking the 7-repeat allele,
externalizing behavior was negatively correlated with I1Q
(mean r=-0.43; P<.001). Among individuals having at
least 1 copy of the 7-repeat allele, externalizing behav-
ior and IQ were uncorrelated (mean r=0.02; P=.45). The
difference between these correlations was significant
(z=-2.99; P<.01).

Conclusions: Allelic variation of the dopamine D4 re-
ceptor gene appears to be a genetic factor moderating the
association between externalizing behavior and cogni-
tive ability. This finding may help to elucidate the adap-
tive value of the 7-repeat allele.
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XTERNALIZING BEHAVIOR RE-

fers to a broad category of be-

haviors involving disinhibi-

tion and approach, including

aggression, antisocial behav-
ior, hyperactivity, and impulsivity."* Ex-
ternalizing behavior problems are typi-
cally associated with cognitive impairment,
and the negative association between ex-
ternalizing behavior and 1Q is particularly
well established.’” In attention-deficit/
hyperactivity disorder (ADHD), this nega-
tive association appears to be primarily ge-
netically based.” The neuromodulator
dopamine has been implicated in various
forms of externalizing behavior®!! and is
known to affect cognitive function.'* Lo-
calization of the dopamine D4 receptor in
the prefrontal cortex"*" and findings that
specific blockade of D4 receptors im-

proves some cognitive impairments
prompted our investigation of the possi-
bility that allelic variation in the dopa-
mine D4 receptor gene (DRD4) might mod-
erate the negative association between
externalizing behavior and 1Q.

DRD#4 contains a functional polymor-
phism consisting of a variable number of
tandem repeats of a 48-base pair se-
quence in the third exon of the gene.'® The
7-repeat allele (DRD4-7), which is present
in about 20% of the population world-
wide but varies widely in frequency geo-
graphically,” has been associated with
ADHD.,*! novelty seeking,?** and alcohol
and drug abuse.?** However, findings re-
garding these phenotypic associations with
DRD4-7 have not been consistently repli-
cated.”?® The best-established finding to
date is the association between DRD4-7 and
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ADHD.* DRD4-7 is approximately twice as prevalent in
ADHD probands and appears to be associated with 25%
to 50% of the genetic risk for ADHD.***° Inconsistencies
in past findings may reflect, in part, a complex relation be-
tween DRD4 variation and externalizing behavior prob-
lems. A review of recent research on the properties and
functions of the dopamine D4 receptor may allow the gen-
eration of more sophisticated hypotheses regarding likely
phenotypic associations with DRD4-7.

The D4 receptor is heavily expressed in the prefrontal
cortex,>!” where it appears to modulate excitatory sig-
naling.'® This suggests that D4 receptors may be involved
in the dopaminergic modulation of the cognitive func-
tions of the dorsolateral prefrontal cortex, which include
working memory and have been linked to general cogni-
tive ability and 1Q."**'** Dopamine has a generally salu-
tary effect on these cognitive functions, but the effect ex-
hibits an inverted U-shaped function, with impairments
evident at high, as well as low, levels of dopamine.'* Some
of the negative effects of excess dopamine on cognition
may be produced by the action of D4 receptors.'? Cloza-
pine, an atypical antipsychotic with a much stronger af-
finity for D4 than for other dopamine receptors, appears
to improve the cognitive symptoms of schizophrenia, a dis-
order that involves irregularities of dopaminergic trans-
mission.'® In contrast, traditional antipsychotics, which do
not preferentially target D4 receptors, do not improve these
cognitive symptoms.'® Additionally, selective D4 recep-
tor antagonists appear capable of reversing pharmacologi-
cally induced cognitive deficits in monkeys.!"!® Further,
it appears that D4 blockade is only effective in producing
cognitive benefits when other dopamine receptors are not
blocked, suggesting a unique role for D4 among dopa-
mine receptors in inhibiting cognitive processes.'*!®

Relative to the 2 other most common DRD4 alleles (2-
and 4-repeat) and to the 10-repeat allele, DRD4-7 pro-
duces less efficient receptors, with decreased potency for
coupling with adenylate cyclase, part of the receptor’s sec-
ond messenger system.***> DRD4-7 also appears to de-
crease gene expression, which would further diminish
the effects of D4 receptors in the brain.* Because of these
reductions in D4 function and expression, DRD4-7 may
act as an endogenous D4 suppressor; carriers of this al-
lele seem likely to exhibit lower levels of the processes
associated with D4 receptors. One might expect some
similarity, therefore, between the effects of D4 antago-
nists and the DRD4-7 phenotype. Because D4 antago-
nists appear to alleviate some cognitive impairments,
DRD4-7 could conceivably attenuate negative associa-
tions between cognitive ability and behaviors associated
with increased dopaminergic activity, such as external-
izing behavior.®!! (Although dopamine agonists, such as
methylphenidate, are used in relatively low doses to re-
duce externalizing behavior, they appear to produce this
effect by decreasing net dopaminergic activity through
activation of presynaptic inhibitory autoreceptors.'!) Con-
sistent with this possibility, Swanson and colleagues®
found that among children diagnosed with ADHD, those
who had DRD4-7 did not show deficits relative to con-
trols on 3 neuropsychological tests of the attentional net-
work involving dorsolateral prefrontal cortex, whereas
those who did not have DRD4-7 did show deficits.

We tested the hypothesis that DRD4 variation might
moderate the commonly reported negative association be-
tween externalizing behavior and 1Q,*° using 3 male
samples with high mean levels of externalizing behav-
ior. We then employed meta-analysis to obtain an esti-
mate of effect size across all 3 samples.

DR METHODS

GENOTYPING

For all 3 samples, DNA was isolated from peripheral leuko-
cytes using standard procedures and genotyped following am-
plification of the region in the third exon of the DRD4 gene con-
taining the 48-base pair variable number of tandem repeats,
using a modification of the methods of Lichter and col-
leagues.®® The forward and backward primers were D4-3 (5'-
GCGACTACGTGGTCTACTCG-3") and D4-42 (5'-
AGGACCCTCATGGCCTTG-3"). The polymerase chain
reaction was performed in 25 pL (final volume) of Taq poly-
merase buffer (50 mmol/L potassium chloride, 10 mmol/L Tris-
chloride, pH=9, 1 mmol/L magnesium chloride, and 1% Tri-
ton X-100), containing 10% dimethyl sulfoxide; 200 pm each
of deoxyadenosine, deoxycytidine, and deoxythymidine tri-
phosphates; 100 pm deoxycyguanosine triphosphate; 100
pmol/L deaza-deoxyguanosine triphosphate; 500 ng of each
primer; and 1 ng of DNA. Conditions for amplification were
40 cycles of 20 seconds at 95°C, 20 seconds at 54°C, and 40
seconds at 72°C, followed by a final extension of 4 minutes at
72°C, using an MJ Research Inc PT-100 thermocycler (Waltham,
Mass). Polymerase chain reaction products were analyzed af-
ter electrophoresis (10% nondenaturing polyacrylamide or 3.5%
agarose) and ethidium bromide staining. Participants were con-
sidered DRD4-7 positive if they had at least 1 copy of DRD4-7
and DRD4-7 negative if they did not.

PARTICIPANTS
Sample 1

Genotypes were available for 50 male children who were re-
ferred clinically to participate in a study of aggression at the
Centre for Addiction and Mental Health in Toronto, Canada.
They ranged in age from 5 to 15 years (mean, 9.89+2.53 years).
Forty were white (80%), 8 were African American (16%), 1 was
East Asian (2%), and 1 was Native American (2%). The Asian
and Native American participants were excluded from analy-
sis because of population stratification; DRD4-7 frequencies are
very different in East Asian and Native American populations
than in white and African American populations.” Because the
frequency of DRD4 alleles is very similar in white and African
American populations, inclusion of African Americans does not
present a significant risk of population stratification. Nonethe-
less, we note how our results would have changed if African
American participants had been excluded. Twenty-eight boys
were DRD4-7 negative (58%) and 20 were DRD4-7 positive
(42%). Twelve of these boys were being treated with a psy-
chostimulant (eg, methylphenidate) at the time of assess-
ment, but treatment status was not significantly related to
DRD4-7 status (xi=1.87; P=.17).

Sample 2

Genotypes were available for 67 male adults diagnosed with
ADHD in adulthood who participated in a study of pharmaco-
logical treatments for ADHD at the Centre for Addiction and
Mental Health. Of these, 42 had observer ratings from which
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Table 1. Instruments Used to Assess
Externalizing Behavior (EB) and 1Q

Sample Instrument

Sample 1 EB: Parent and teacher ratings of aggressive and
delinquent behaviors on the Child Behavior
Checklist and Teacher Report Form.** Parent
ratings of child and adolescent indicators of
psychopathy.#?

1Q: WISC-III or WPPSI-R*44; information and
similarities subtests (24 participants); vocabulary
and picture completion subtests (16); vocabulary
(4); full-scale 1Q from prior clinical testing (6).

EB: Spouse or mother ratings on 3 items: anger
control, speech control, and impulsivity level
(o =.79).

1Q: Full-scale WAIS-II1.#

EB: Teacher ratings on aggression, opposition, and
hyperactivity scales at age 6 y and yearly from age
10 to 14 y.17:3940

1Q: WISC-R Vocabulary and Block Design subtests®;
yearly from age 9 to 12 y and at age 15 y; mean
number of 1Q assessments, 2.47 (SD = 1.67).447

Sample 2

Sample 3

Abbreviations: WAIS-11I, Wechsler Adult Intelligence Scale, Third Edition;
WISC-III, Wechsler Intelligence Scale for Children, Third Edition;
WISC-R, Wechsler Intelligence Scale for Children—Revised;
WPPSI-R, Wechsler Preschool and Primary Scale of Intelligence—Revised.

an index of externalizing behavior could be calculated. They
ranged in age from 18 to 56 years (mean, 35.17+10.22 years).
Forty-one (98%) were white and 1 (2%) was African Ameri-
can. Twenty-nine (69%) were DRD4-7 negative and 13 (31%)
were DRD4-7 positive. Externalizing behavior and 1Q were as-
sessed prior to all pharmacological treatment.

Sample 3

Genotypes were available for 87 boys participating in a longi-
tudinal study of French-speaking white boys who started kin-
dergarten in 1983 in the 53 lowest socioeconomic status schools
of the Catholic School Commission of Montreal, Montreal,
Canada.* Genotyping was done at age 17 years, recruiting from
a sample of 203 boys who had been selected from the longitu-
dinal cohort, primarily on the basis of teacher ratings of physi-
cal aggression at ages 6, 10, 11, and 12 years, to participate in
laboratory studies at 15 years.*” Nonaggressive boys had teacher-
rated aggression scores below the 70th percentile at all assess-
ment points and constituted 35% of the complete longitudinal
sample. Unstable-aggressive boys exceeded the 70th percen-
tile for aggression at 1 or 2 assessment points and constituted
46% of the complete longitudinal sample. Stable-aggressive boys
had aggression scores above the 70th percentile at age 6 years
and at least twice more from ages 10 to 12 years and consti-
tuted 19% of the complete longitudinal sample. In the geno-
typed sample, 29 boys (33%) were nonaggressive, 29 were un-
stable aggressive, and 29 were stable aggressive. Fifty-seven boys
(66%) were DRD4-7 negative and 30 (34%) were DRD4-7 posi-
tive. DRD4-7 status was unrelated to physical aggression cat-
egory (x3=1.22; P=.53). Six boys were being treated with a psy-
chostimulant at 1 or more assessment points (an additional 6
did not have treatment status reported). Treatment status was
unrelated to DRD4-7 status (xi=0.00; P=.95). Not surpris-
ingly, treatment status was significantly linearly related to ag-
gression category; 2 of the 6 boys undergoing treatment were
unstable aggressive and 4 were stable aggressive (x{=4.11;
P<.05).

BEHAVIORAL AND COGNITIVE ASSESSMENT

Assessments of externalizing behavior and 1Q were made us-
ing the instruments described in Table 1. Assessments took
place at time of entry to the studies, unless otherwise noted.
In all cases where multiple assessments of either construct were
available, they were standardized and averaged to yield a single
score. Full-scale IQ scores in samples 1 and 3 were estimated
based on scores from the administered subtests. IQ estimates
of this sort typically correlate at approximately r=0.90 with full-
scale IQ, even when based on a single administration; this is a
common method for assessing cognitive ability while conserv-
ing time and resources.>* 1Q is highly heritable and stable over
time, so minor differences in time of administration relative to
assessments of externalizing behavior should not reduce the
sensitivity of our analyses.”*

B xesuits [

Figure 1 shows the main finding of interest, confirm-
ing in all 3 samples our hypothesis that possession of the
DRD4-7 allele attenuates the association between exter-
nalizing behavior and IQ. Only in the DRD4-7-negative
groups was there a significant negative correlation be-
tween these 2 variables. Because different instruments and
assessment techniques were used in the 3 samples, the
Schmidt-Hunter method of meta-analysis was used to cal-
culate pooled effect sizes.”® Correlations between exter-
nalizing behavior and I1Q were weighted by sample size
and combined for each genotype group. The mean n-
weighted (population-weighted) r for the DRD4-7-
negative group (n=114) was -0.43 (P<<.001), while for
the DRD4-7—positive group (n=063) it was 0.02 (P=.45).
These effect sizes differed significantly between the geno-
type groups (z=-2.99; P<.01). (All P values are 2 tailed,
unless noted otherwise.)

SAMPLE 1

The mean estimated IQ across both genotype groups was
99.29 (SD=12.97; range, 70-127). Boys who were being
treated with psychostimulants did not differ significantly
in IQ or externalizing behavior from those who were not:
1Q, tig=-0.17, P<<.86; externalizing behavior, t;3=-0.35,
P=.73. The genotype groups did not differ significantly
in IQ or externalizing behavior (Table 2), and the cor-
relation between IQ and externalizing behavior when both
genotype groups were combined was not significant
(r=-0.20; P=.18). If the 8 African American participants
were excluded from the primary analysis, the correlation
in the DRD4-7—positive group remained the same as that
reported in Figure 1A; in the DRD4-7—negative group, it
changed only slightly, from -0.38 to -0.34.

SAMPLE 2

The mean full-scale IQ across both genotype groups was
113.48 (SD=14.00; range, 79-143). The genotype groups
did not differ significantly in IQ or externalizing behav-
ior (Table 2). The correlation between IQ and external-
izing behavior in the full sample was significant (r=-0.32;
P<.05), but weaker than the correlation in the DRD4-
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Figure 1. Association between externalizing behavior (standardized within each sample) and IQ in 3 male samples, as a function of dopamine D4 receptor 7-repeat
allele (DRD4-7) status. A, Sample 1: aggressive children (n=48). B, Sample 2: adult attention-deficit/hyperactivity disorder (n=42). C, Sample 3: low economic

status community child sample (n=87). All Pvalues are 2-tailed.

Table 2. Means (SDs) of 1Q and Externalizing Behavior as a Function of DRD4-7 Status

DRD4-7-Negative

Mean (SD) I

DRD4-7-Positive

Mean (SD) I

Sample No. No. df t
Sample 1 28 20
1Q 98.71 (13.10) 100.10 (13.07) 46 -0.36
EB 0.22 (0.59) -0.09 (0.85) 46 1.51
Sample 2 29 13
1Q 113.45 (15.94) 113.54 (9.16) 40 -0.02
EB 0.02 (0.90) -0.15 (0.85) 40 0.64
Sample 3 57 30
1Q 99.60 (14.04) 106.24 (8.90) 81.92* -2.69t
EB 0.08 (0.65) -0.05 (0.69) 85 0.82

Abbreviations: DRD4-7, dopamine D4 receptor 7-repeat allele; EB, externalizing behavior.
*Corrected for unequal variances according to the Leven test of equality of variances (F = 6.99; P<.05).

tP<.01.

7-negative group alone, which is reported in Figure 1B.
If the 1 African American participant was excluded, the
only change was in the DRD4-7-negative group, in which
the correlation rose from -0.44 to -0.45.

SAMPLE 3

The mean estimated IQ across both genotype groups was
101.89 (SD=12.85; range, 59-126). The 6 physically ag-
gressive boys who were treated with psychostimulants
did not differ significantly in IQ from the physically ag-
gressive boys who were not treated (t5;=1.26; P=.21). The
genotype groups differed significantly in IQ but did not
differ in externalizing behavior (Table 2). The correla-
tion between 1Q and externalizing behavior when both
genotype groups were combined was significant (r=-0.34;
P<.05) but was weaker than the correlation in the DRD4-
7—negative group alone, which is reported in Figure 1C.

The physical aggression, opposition, and hyperactiv-
ity scales, which were combined to yield a single exter-
nalizing behavior score for sample 3, were also exam-
ined separately to determine whether the moderating effect
of DRD4-7 was similar for different types of externaliz-

ing behavior. All 3 scales showed the same pattern as the
composite score: significant negative correlations with
1Q in the DRD4-7-negative group (r=-0.42, -0.44, and
-0.37, respectively; P<<.01) and no correlations with IQ
in the DRD4-7-positive group (r=-0.04, 0.04, and -0.09,
respectively; P>.60).

To examine more closely the significant difference in
1Q between genotypes in this sample, boys were grouped
according to the physical aggression categories by which
they were originally selected for laboratory studies. (As
these categories were based on the stability of aggres-
sion longitudinally, they were not applicable in samples
1 and 2.) The regression lines in Figure 1C suggest that
the 2 genotype groups are more likely to differ signifi-
cantly in IQ among boys higher in externalizing behav-
ior, and this hypothesis is supported in Figure 2, which
shows mean IQ for each of the 3 aggression categories,
broken down by genotype group. An analysis of vari-
ance comparing 3 aggression categories with 2 DRD4-7
status categories revealed significant main effects of geno-
type and aggression category on IQ: genotype, F;=5.42,
P<.05; aggression category, F,=5.06, P<.01. The effect
of the interaction between aggression category and
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Figure 2. Sample 3. Mean estimated 1Q as a function of physical aggression
category and dopamine D4 receptor 7-repeat allele (DRD4-7) status. Groups
not sharing a superscript differ significantly (P<.05).

DRD4-7 status neared 1-tailed significance: F,=2.16, P=.06
(a 1-tailed test is appropriate because we could predict
this effect based on the results in Figure 1C). Planned
comparisons revealed that the significant difference in
1Q between DRD4-7-negative and DRD4-7—positive
groups was found only in the stable-aggressive group
(Figure 2).

B COMMENT By

In 3 male samples, the association between externaliz-
ing behavior and 1Q was moderated by the presence or
absence of the DRD4-7 allele. Specifically, the negative
association between externalizing behavior and IQ was
completely attenuated by DRD4-7. Although the samples
were fairly small, they were independent replications, and
meta-analysis provided strong evidence that this find-
ing is likely to be robust and reliable. Variation in the
DRD#4 gene thus appears to differentiate 2 distinct male
phenotypes. In males without DRD4-7, externalizing be-
havior is negatively associated with IQ. In males with
DRD4-7, however, there is no association between ex-
ternalizing behavior and 1Q. This effect was evident in
both adults and children and it remained similar in mag-
nitude across various types of externalizing behavior, sug-
gesting that it may be related to a common feature of ex-
ternalizing behaviors, such as increased dopaminergic
neurotransmission.®!!

The attenuation seen in the DRD4-7—positive group
seems likely to be the result of the fewer, less efficient
D4 receptors produced by the DRD4-7 allele.**3® De-
creased D4 receptor function should produce a DRD4-7
phenotype in which the cognitive disruption associated
with D4 receptor activation is diminished. Males with the
DRD4-7 allele thus appear to be protected from the dec-
rement in cognitive ability associated with externaliz-
ing behavior. Further research is necessary to deter-
mine whether this finding holds true for measures of
cognitive ability other than IQ.

DRD4-7 status does not appear to affect IQ directly, de-
spite the significant difference in IQ between genotype
groups in sample 3, but rather to moderate its association

with externalizing behavior. Comparisons of the 3 physi-
cal aggression groups in sample 3 revealed that signifi-
cant differences in IQ between DRD4-7—positive and DRD4-
7-negative groups emerged only in the most consistently
aggressive group (a group that was intentionally overrep-
resented in this sample, relative to the general popula-
tion). The pattern of increasing differences in IQ be-
tween genotype groups (Figure 2), as severity of physical
aggression increases, is paralleled by the increasing gap
between the 2 regression lines in Figure 1C as a function
of increasing levels of externalizing behavior. Group dif-
ferences in the strength of association between 2 vari-
ables can lead to differences in group means in the ex-
tremes of the distributions of those variables. The significant
main effect of genotype on 1Q in sample 3 seems likely to
be an anomaly resulting from the selection process for that
sample, rather than a genuine indicator of any direct effect
of DRD4 variation on 1Q. In keeping with this hypoth-
esis, a study by Ball and colleagues,* which compared in-
dividuals of high 1Q with others of average 1Q, failed to
find any difference in the frequency of DRD4 alleles.

Many theoretical models view intelligence as an im-
portant element in behavioral self-regulation, and both low
1Q and deficits in working memory have been described
as risk factors for externalizing behavior.*">! Researchers
interested in antisocial behavior and delinquency have usu-
ally argued that low IQ contributes causally to external-
izing behavior, rather than the reverse. However, the pos-
sibility that a causal pathway in the opposite direction (from
externalizing behavior to IQ) might be mediated by neu-
rophysiological processes, such as D4 receptor activa-
tion, has not previously been considered. In this case, D4
receptor activation resulting from the increased dopamin-
ergic activity associated with externalizing behavior might
lead (both immediately and developmentally) to de-
creased cognitive ability. It is also possible that external-
izing behavior and cognitive ability are not directly caus-
ally linked, but that they vary together because both are
affected by high levels of dopamine resulting from some
other genetic or environmental factor. Whatever the causal
pathway, our results indicate that it is likely to involve
D4 receptors, as the negative association between exter-
nalizing behavior and 1Q is completely attenuated by the
presence of the DRD4-7 allele. The causal possibilities
discussed here, therefore, apply only to the DRD4-7-
negative group. Externalizing behavior may be associ-
ated with dopaminergic activity in both genotype groups,
but DRD4-7 appears to prevent this dopaminergic activ-
ity from affecting cognitive ability.

Given the meta-analysis by Faraone and col-
leagues,” which indicates that DRD4-7 is associated with
aminor increase in risk for ADHD, it is important to con-
sider how DRD4-7 could lead both to the decoupling of
cognitive ability from externalizing behavior and to in-
creased risk for a disorder that involves externalizing be-
havior. One possible explanation may be developed based
on findings that DRD4-7 is associated with faster reac-
tion times,***">* which might lead to certain specific forms
of impulsive or inattentive behavior without an associ-
ated impairment of general cognitive ability. The fact that
the present study did not show an association between
DRD4-7 and externalizing behavior is not incompatible
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with the evidence for an association of DRD4-7 with
ADHD, because we were not testing for association with
ADHD specifically. Additionally, our results in sample
2, which was composed entirely of adults diagnosed with
ADHD, indicate that DRD#4 variation can moderate the
association of externalizing behavior and cognitive abil-
ity even within an ADHD population.

Recent studies indicating that DRD4-7 is a relatively
new allele that has increased in frequency because of posi-
tive selection support the argument that DRD4-7 must
have some adaptive value.**> Our results suggest a novel
hypothesis for what that value might be. DRD4-7 ap-
pears to produce a phenotype in which cognitive ability
is decoupled from behaviors like hyperactivity, impul-
sivity, and aggression (at least in some male popula-
tions). Some environments may favor or even demand
such externalizing behaviors, and in these environ-
ments, the ability to manifest these behaviors without as-
sociated decrement in cognitive ability could be highly
advantageous to individuals with DRD4-7, outweighing
any associated drawbacks. Externalizing behavior, espe-
cially aggression, must have been important in human
evolution, given the probability that intraspecies con-
flict between human groups has constituted a strong se-
lection pressure.”* Externalizing behavior may have been
particularly advantageous in the unstable or resource-
depleted environments that are hypothesized to have
driven selection for DRD4-7.>*>* The other DRD4 alle-
les, in contrast, may be more adaptive in stable environ-
ments, in which externalizing behavior is less likely to
be advantageous.
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