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Objective: This study was designed to in-
vestigate the link among attention deficit
hyperactivity disorder (ADHD) in adults,
novelty-seeking temperament, and the
48-base pair (bp) dopamine D4 receptor
(DRD4) gene variant.

Method: This study drew from a larger
molecular genetic study of ADHD in which
the ascertainment criterion was having an
affected sibling pair with ADHD. Parents
(N=171) from 96 families provided data. Of
the 171 parents, 56 (33%) had a lifetime
history of ADHD, with 28 (50%) continuing
to meet DSM-IV criteria (i.e., “persistent”
ADHD). Latent variable modeling was used
to test whether the DRD4 gene variant or
Temperament and Character Inventory
factors could predict ADHD.

Results: Using latent variable modeling,
the authors were able to confirm the first-
order factor structure of the Tempera-
ment and Character Inventory. Further-
more, novelty seeking predicted ADHD
lifetime diagnosis (R2=26%), while the
DRD4 gene variant independently pre-
dicted ADHD (R2=5%) but not novelty
seeking.

Conclusions: In this unique sample of
parents from multiply affected ADHD
families, novelty seeking and the 48-bp
DRD4 variant were associated with a life-
time history of ADHD. However, the asso-
ciation between novelty seeking and
ADHD does not appear to be due to vari-
ation in the 48-bp DRD4 variant.

(Am J Psychiatry 2005; 162:906-914)

Er the complex disorder of attention deficit hyperac-
tivity disorder (ADHD), one challenge is to elucidate the
individual differences in developmental pathways lead-
ing to various ADHD outcomes. Many researchers are try-
ing to understand how genetic liability interacts with en-
vironment in the development of ADHD and clinical
variability (1-5). Among our first attempts to illuminate
the pathway from genotype to phenotype is an investiga-
tion of the relationship between genes, temperament,
and ADHD outcome.

The dopamine D4 receptor (DRD4) gene has consis-
tently been widely investigated in the quest to discover the
genetic underpinnings of ADHD, with the 48-base pair
(bp) variant at the focus of most studies. Complementing
our own literature review (6-21) in 2001, Faraone et al. (22)
conducted a meta-analysis of 14 case/control and family-
based association studies that investigated the 7-repeat al-
lele of the DRD4 48-bp variant and ADHD. In the meta-
analysis, they found significant associations for both fam-
ily-based and case/control studies (odds ratios of 1.4 and
1.9, respectively). Although to our knowledge no compara-
ble meta-analysis exists for DRD4 and novelty seeking,
there are some 23 studies that have investigated the 48-bp
repeat variant and novelty seeking, with 52% of these
showing positive results (24-44).

The results of these studies suggest a possible role of
DRD4 in both ADHD and novelty seeking, although the es-
timated effect size is very small and results remain tenu-
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ous because of the large number of studies reporting
negative findings. Three factors are likely to contribute
significantly to the variability in findings, including 1) the
polygenic nature of ADHD and temperament and the dif-
ficulty in replicating minor gene effects under polygenic
inheritance (45), 2) clinical variability across studies, and
3) the possibility of false positives in light of numerous
analyses and nominal p values used to determine signifi-
cance for many candidate gene investigations. To what ex-
tent DRD4 plays a role in the genetic liability to ADHD,
novelty seeking, or both thus warrants further investiga-
tion. The possible common genetic underpinnings of nov-
elty seeking and ADHD on the basis of individual associa-
tions with the same “risk” DNA variant would suggest that
they would overlap to some extent at a phenotypic level.
However, there is a paucity of research on the relationship
of novelty seeking and ADHD and, to our knowledge, no
investigation of DRD4 in the context of a joint analysis of
the two phenotypes in any one group of subjects.
Temperament has been conceptualized as a genetically
influenced building block of personality; it has been shown
to be highly heritable and relatively stable across the life-
span (46). Personality has been suggested to represent a
developmental outcome of the interplay of environmental
factors with temperament over time (47-49). The role of
extremes of temperament in the development of psycho-
pathology is well documented in mood and anxiety disor-
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ders as well as axis II disorders (50-53), yet little is known of
the role of temperament in the development of ADHD.

Our interest in investigating the role of temperament in
ADHD stems, in part, from the body of data supporting
the dopamine D4 receptor gene as arisk factor in ADHD as
well as novelty seeking. Novelty seeking is one major cate-
gory of temperament as defined by Cloninger’s Tempera-
ment and Character Inventory (52). The temperament
theories developed by Cloninger implicate dopamine as
the neurotransmitter that drives novelty-seeking behavior
(53). Dopamine regulation is suggested as a primary neu-
rotransmitter system involved in ADHD, due in large part
to the efficacy of pharmacological treatments targeting
dopamine levels in ADHD.

There is only one study, to our knowledge, that has
investigated temperament in ADHD. Downey and col-
leagues (54) found that ADHD subjects (N=78) scored
significantly higher than normal subjects on the tempera-
ment scales of novelty seeking and harm avoidance. The
investigators used the Tridimensional Personality Ques-
tionnaire, a precursor to the more comprehensive temper-
ament scales of the Temperament and Character Inven-
tory. The investigators also found that these ADHD adults
had high rates of comorbid depressive disorder, antisocial
personality disorder, and alcohol and drug abuse/depen-
dence (47% had a current axis I anxiety or depressive dis-
order, and 37% had a comorbid conduct disorder or mood
disorder as children).

In related studies, Nigg and Hinshaw and their col-
leagues (55, 56) examined the contribution of the “big
five” personality traits in parents to variability in ADHD
outcome in children. In the 1998 study, the authors specif-
ically examined oppositional defiant disorder and con-
duct disorder as well as ADHD symptoms in adults. It is
important to note that these investigators used the NEO-
Plinstead of the Temperament and Character Inventory. It
has been suggested that the NEO-PI reflects personality
styles (i.e., the “big five”) rather than temperament; how-
ever, the NEO-PI construct of extroversion is thought to
correlate with novelty seeking (55). Nigg and Hinshaw
found that parental ratings of personality did predict vari-
ability in ADHD comorbidity with oppositional defiant
disorder and conduct disorder in children. Children with
comorbid conduct disorder or oppositional defiant disor-
der versus ADHD alone had mothers with lower conscien-
tiousness and fathers with lower agreeableness (meaning
greater hostility). This study identified a role of parental
temperament on child ADHD outcome without address-
ing the mode of transmission, be it via genes or environ-
mental influence or a combination of both. The study also
did not measure to what extent ADHD in the child was ac-
counted for by his or her own temperament profile (55). In
a subsequent study of adults, Nigg et al. (56) found a rela-
tionship between inattention-disorganization and low
conscientiousness and high neuroticism. In addition, they
found that hyperactivity-impulsivity and oppositional
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childhood and adult behaviors were associated with low
agreeableness (56).

This present study tests the hypothesis that novelty
seeking and ADHD are associated and that their associa-
tion is due, in part, to DNA variability at the DRD4 gene.
The study group comprised parents with or without a his-
tory of ADHD from families that had two or more ADHD-
affected children recruited as part of ongoing molecular
genetic studies (6-8, 57-62). A role of DRD4 and ADHD
has previously been demonstrated in this sample for the
48-bp variant and a tandem duplication polymorphism
upstream of the dopamine D4 receptor gene (6, 8) and
through a meta-analysis of this sample with other investi-
gators of DRD4 and ADHD (22).

Method

Cohort

Subjects were 171 parents (87 women and 84 men; mean age=
43.4 years [SD=6.2]) from 96 families identified from an ongoing
molecular genetic study of ADHD in which families had been as-
certained through an ADHD-affected sibling pair. After complete
description of the study to the subjects, written informed consent
was obtained. Among parents, 56 (33%) had a lifetime history of
ADHD, meaning they qualified for a definite or probable lifetime
diagnosis of ADHD regardless of current ADHD status. Of these 56
parents, 50% (N=28) showed “persistent” ADHD (i.e., continued
to meet criteria into adulthood for either definite or probable
ADHD). Among the parents, 87% were Caucasian, 5% were His-
panic, 5% were African American, and 3% were of mixed ancestry.
The socioeconomic status (per Hollingshead 1957 rankings) break-
down of the subjects was as follows: class I=11%, class [1=33%,
class I11=19%, class IV=11%, class V=9%, class VI=2%, class VII=
15%. Most (84%) were married, 14% were separated or divorced,
2% had remarried, and 1% never married. About half (51.4%) of
the individual parents had completed at least 4 years of college.
For a full description of the sample assessment procedures, see
Smalley et al. (58). The 96 families represent a subset of families
who were administered the Temperament and Character Inven-
tory (52), a measure added several years into the data collection
protocol. After it was added, all subsequent subjects answered the
Temperament and Character Inventory questionnaire and are in-
cluded in the present study.

Measures

After providing written informed consent approved by the
UCLA Institutional Review Board, subjects were assessed with the
Schedule for Affective Disorders and Schizophrenia—Lifetime
Version Modified for the Study of Anxiety Disorders (63). As a sup-
plement to assess ADHD and conduct disorder, the behavioral
disorders section of the Schedule for Affective Disorders and
Schizophrenia for School-Age Children—Present and Lifetime
Version (64) was also administered. Interrater reliabilities for
ADHD diagnoses were obtained in a subset of 26 interviews re-
rated from tapes with weighted kappas of 0.96, 0.95, and 0.95. Di-
agnosing ADHD in adult samples has been controversial. For this
reason, our diagnostic criteria also included a spousal report
when possible (161 of the 171 parents [94%] had spousal reports).
Otherwise, adults were asked to recall as best as possible their
early behavior as well as report their current symptoms.

The Temperament and Character Inventory (52) is a measure
designed to assess differences between individuals in seven basic
dimensions of temperament and character. The instrument mea-
sures four temperament indices (novelty seeking, harm avoidance,
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TABLE 1. Temperament and Character Profiles of 171 Parents From 96 Families With an ADHD-Affected Sibling Pair, by

ADHD History, and a Population Comparison Group

Parents From Families With an ADHD-Affected Sibling Pair

Population
No History of ADHD History of ADHD All Parents Comparison Group
(N=115) (N=56) (N=171) (N=300)
Characteristic Mean SD Mean SD Mean SD Mean SD
Age (years) 44 6.5 42 5.4 43.4 6.2
Temperament and Character Inventory item
Novelty seeking 8.1 3.8 10.42 4.0 8.9 4.0 9.7 3.7
Harm avoidance 8.2 4.7 9.6 4.9 9.0 4.0 7.6 4.5
Self-directedness 18.9 5.1 17.5 5.2 18.4 5.2 17.6 5.1
Cooperativeness 21.6 3.1 20.7 3.9 213 3.4 19.6 4.6
Self-transcendence 5.6 3.8 7.60 39 6.3 4.0 8.3 3.9

a Significantly different from score of parents with no history of ADHD (z=3.59, two-tailed p=0.0003).
b Significantly different from score of parents with no history of ADHD (z=3.17, two-tailed p=0.002).

reward dependence, and persistence) and three character traits
(self-directedness, cooperativeness, and self-transcendence).

Genotyping

Blood samples were collected from each family member, and
DNA was isolated using the Puregene Kit following the manufac-
turer’s recommendations (Gentra Systems, Minneapolis). A poly-
morphic region in the DRD4 gene consisting of a variable number
of 48-bp repeats was scored by polymerase chain reaction (PCR)
with primer flanking the repeat sequence. PCR amplification was
performed in 12.5-ul reactions containing 60 ng genomic DNA,
10% DMSO, 400 uM DNTPs, 0.8 uM each primer, 10 mM KCl, 20
mM Tris-HCI (pH 8.8), 10 mM (NH4) 2S04, 0.1% Triton X-100, and
one unit Vent DNA polymerase (New England Biolabs, Beverly,
Mass.). The primers used were D4-42 5" (GCG ACT ACG TGG TCT
ACT CG)3" and D4-42 5’ (ACG ACG CTC ATG GCC TTG) 3’ (Op-
eron, Alameda, Calif.). Using the MJ Research PTC-100 thermal
cycler, DNA was denatured at 98°C for 4 minutes, followed by 32
cycles of 94°C (1 minute), 54°C (30 seconds), 72°C (2 minutes),
and final extension at 72°C for 7 minutes. Final PCR products
were electrophoresed in a 2.5% Nu Sieve agarose gel in 1x TBE
buffer for 2.5 hours at 100 volts. The gels were ethidium bromide
stained for 30 minutes and destained in dH»O for 1 hour. Alleles
were determined by comparison of bands to known molecular
weight standards.

Genotypes were coded as 0 or 1, reflecting the absence or pres-
ence, respectively, of the putative “risk” allele (the 7-repeat vari-
ant). The total number of genotyped subjects was 127 because 44
samples failed to yield sufficient DNA for genotyping after inclu-
sion in other genetic investigations. The genotyping could not be
done on these 44 samples because the dilution samples were de-
graded at the time of this analysis. The mean scores on Tempera-
ment and Character Inventory scales and the distribution of ADHD
status for these 44 parents unavailable for the molecular analysis
were no different from those available for study (data not shown).
In the present study group, the genotype was coded as 0 for 85 par-
ents (67%) and 1 for 42 parents (33%). The homozygous and het-
erozygous groupings of the 7-repeat allele were pooled because of
low frequency counts for the former and previous work suggesting
at least one allele imposes an increased risk (58, 62).

Statistical Analysis

The observed scores of the 171 subjects on the 20 subscales of
the Temperament and Character Inventory were subjected to an
exploratory factor analysis in order to establish the relations
between the subscales and the Temperament and Character In-
ventory factors (i.e., measurement model) in our study group.
Following exploratory analyses, we used confirmatory analyses to
test the role of temperament, including novelty seeking, on ADHD
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in the parents. All analyses were carried out using Mplus, version
2.13 (65, 66).

The exploratory analysis serves two goals. First, it allows a de-
termination of the number of factors needed to explain the com-
mon variance of the observed subscales. We tested whether the
Temperament and Character Inventory actually has a seven-fac-
tor structure as seen in other normative and clinical samples (50).
Second, it provides estimates of the factor loadings of each ob-
served subscale on each of the factors, such that we can evaluate
whether the Temperament and Character Inventory subscales
cluster in the expected way (i.e., all novelty seeking subscales load
on a single factor but not on other factors) (65-67). On the basis of
the resulting pattern of factor loadings, a confirmatory model was
developed and fit to the data. The confirmatory factor model was
then used to test the role of temperament and DRD4 on lifetime
ADHD diagnosis as well as ADHD symptom variability.

Results

As shown in Table 1, parents with a history of ADHD had
significantly higher scores for novelty seeking and self-
transcendence than did the unaffected parents. Overall
the parents of ADHD-affected sibling pairs had scores
similar to population comparison subjects.

Results of our exploratory factor analyses of the mea-
surement model of the Temperament and Character In-
ventory are shown in Table 2.

In exploratory analyses, we varied the number of latent
factors from three to eight. In all models, factors were al-
lowed to correlate. The percent of variance (R?) pertaining
to the persistence subscale was below 0.15, and the reward
dependence subscales did not cluster on a single factor in
any of the models but loaded on several factors simulta-
neously. Therefore, given the lack of reliability and inter-
pretability for these subscales, they were omitted from fur-
ther analyses. The resulting five-factor model (model I)
provided an acceptable fit to the data. In the context of the
five-factor solution, the self-directedness subscale loaded
on two separate factors, so the four-factor solution (model
1) corresponded better with the known Temperament and
Character Inventory structure. Under the four-factor
model, the novelty seeking, cooperativeness, and self-tran-
scendence subscales all load on separate factors, while the
self-directedness and harm avoidance subscales load on a
single bipolar factor, that is, high harm avoidance subscale
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TABLE 2. Model Fitting Analyses of Temperament and Character Inventory Constructs

Goodness of Fit Indices?
SRMR

Model X2 df  RMSEA or WRMR  CFI Variance Explained (R?)
Exploratory factor analyses
Five-factor model (model 1) 254.19 185 0.047
Four-factor model (model I1) 304.4 206 0.053
Confirmatory factor analysis (model I11) 257.15 158  0.061 0.077°  0.896
Contribution of temperament and character factors 99.43¢ 51 0.075 0.930d 0.751 0.49
to ADHD diagnosis (model V)
Contribution of novelty seeking alone to ADHD diagnosis ~ 103.45¢ 51 0.078 0.979¢ 0.731 0.26
(model V)
Contribution of temperament and character factors to 293.00¢ 188  0.057 0.074° 0.902 Inattention: 0.23; hyperactivity-
symptoms of inattention and hyperactivity-impulsivity impulsivity: 0.34
(model V1)
Contribution of novelty seeking to symptoms of 303.4¢ 195  0.057 0.077°  0.899 Inattention: 0.16; hyperactivity-

inattention and of novelty seeking and cooperativeness
to symptoms of hyperactivity-impulsivity (model VII)

impulsivity: 0.28

2 RMSEA=root mean square error of approximation. SRMR=standardized root mean square residual. WRMR=weighted root mean square re-

sidual. CFl=comparative fit index.
b SRMR criterion for goodness of fit is <0.08.

¢ Chi-square results from weighted least squares estimation, which is used because ADHD is categorical. It is not comparable to chi-square de-
rived from maximum likelihood theories, and it is not appropriate to compare models using a likelihood ratio test.

d WRMS criterion for goodness of fit is <0.90.

€ Models VI and VII use maximum likelihood, which allows for comparison of models using a likelihood ratio test where twice the likelihood
difference is distributed as chi-square with df equaling the difference in df between two models, one of which is a restricted version of the

other.

scores correspond with low self-directedness subscale
scores. To retain the four-factor solution but allow for the
bipolar factor, we defined in the confirmatory model a fac-
tor for self-directedness and one for harm avoidance (i.e.,
the bipolar factor is modeled as two factors (Table 2, Model
I1I). Overall, we were largely able to confirm the factor struc-
ture of the Temperament and Character Inventory, particu-
larly for novelty seeking, the prime factor of interest.

The confirmatory factor analysis measurement model
(model IIT) was specified as the model under which we
would perform other analyses with respect to ADHD. This
model is depicted in Figure 1.

Squares represent the observed variables (the Tempera-
ment and Character Inventory subscales) whereas circles
indicate the unobserved factors. The arrows represent the
factor loadings of observed variables on the unobserved
factors. The fit of the confirmatory model is acceptable ac-
cording to commonly used cutoff criteria (e.g., root mean
square error of approximation [RMSEA] <0.06, standard-
ized root mean square residual [SRMR] <0.08, weighted
root mean square residual [WRMR] <0.9) (67).

Figure 1 depicts the factor loading estimates. Note that
for each factor, one subscale is fixed to 1.0 in order to
properly scale the latent factor. In this model, all Temper-
ament and Character Inventory factors are specified to be
correlated. The resulting estimated correlations between
the novelty seeking, harm avoidance, self-directedness,
cooperativeness, and self-transcendence factors are gen-
erally low, with the exception of harm avoidance and self-
directedness as expected because of their bipolarity being
modeled as two correlated factors. We were unable to es-
tablish a clear secondary factor structure, featuring two
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higher-order factors, temperament and character, as pro-
posed by Cloninger et al. (52).

Using this confirmatory factor model (model III), we
tested whether factors underlying temperament and char-
acter contribute to lifetime ADHD diagnosis or symptom
variability. As shown in model IV (Table 2), the Tempera-
ment and Character Inventory factors explained 49% of
the variance in ADHD diagnosis. We tested the role of nov-
elty seeking relative to other latent constructs of tempera-
ment and character on ADHD diagnosis (model V). A
comparison of models IV and V revealed that novelty seek-
ing was the greatest contributor to ADHD diagnosis, ac-
counting for 26% of variance in the ADHD phenotype.
Since novelty seeking contributed to over half of the vari-
ance in ADHD and no other Temperament and Character
Inventory factor contributed to such a large extent, we se-
lected Model V as the most parsimonious model for subse-
quent analyses. No other remaining Temperament and
Character Inventory factor contributed individually in a
significant manner, as reflected by the overall fit of the
model with only the novelty seeking factor included.

In addition to testing the role of novelty seeking on
ADHD diagnostic status, we examined the role of novelty
seeking (and other temperament scales) on individual
symptoms of inattention and hyperactivity-impulsivity by
using the sum of inattentive items and the sum of hyperac-
tive-impulsive symptoms generated from the psychiatric
interview, again based on clinical symptoms reported dur-
ing the childhood period. As can be seen in Table 2, novelty
seeking and the character dimension cooperativeness ac-
counted for the majority of variability in symptoms of hy-
peractivity-impulsivity and inattention, as indicated by a
comparison of the restricted model for which only novelty
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FIGURE 1. Confirmatory Factor Analysis Measurement
Model of the Temperament and Character Inventory?

NS1
NS2
NS3

ST1
ST2
ST3

aSquares represent observed variables while circles represent unob-
served latent variables. Factor loadings are shown for observed
variables on the latent factors. Correlations between latent factors
are also shown in the model.

seeking and cooperativeness were included (model VII) to
the full model in which novelty seeking, harm avoidance,
self-directedness, cooperativeness, and self-transcen-
dence were included (model VI) (x2qit=10.4, dfqis=7, p=
0.17). Under the restricted model, Model VII, novelty seek-
ing and cooperativeness predict hyperactivity-impulsivity
with an R? estimate of 0.28, while inattention is predicted
by novelty seeking, but not cooperativeness, with an R? es-
timate of 0.16.

We examined the influence of DRD4 on ADHD diagno-
sis and symptom sums and the symptoms of hyperactiv-
ity-impulsivity and inattention in the subset of individuals
who were genotyped for the DRD4 48-bp polymorphism.
We tested the unique contribution of DRD4 to ADHD by
running a restricted model eliminating the path from nov-
elty seeking to ADHD and comparing it to a full model in-
cluding novelty seeking. We extended Model V (Table 2) to
include all Temperament and Character Inventory factors
again to evaluate DRD4. Dropping the nonsignificant re-
gressions of DRD4 on harm avoidance, self-directedness,
and self-transcendence led to a slight increase in model fit
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FIGURE 2. Model Depicting Influence of DRD4 on ADHD
Diagnosis and Temperament?

DRD4-48

aSquares represent observed variables while circles represent unob-
served latent variables. Factor loadings are shown for observed
variables on the latent factors. All z values from linear regressions
are displayed as well as R2 values for dependent observed variables.
Significant z values exceed an absolute value of 1.95. Model fit indi-
ces: x2=66.02, df=51, p=0.08, CFI=0.881, RMSEA=0.048, WRMR=
0.803.

due to the increase in parsimony. The model fit well and is
shown in Figure 2.

ADHD is predicted by DRD4 (z=2.87, p=0.004) yet the
contribution of DRD4 to novelty seeking is nonsignificant
and in the opposite direction (absence of “risk” allele,
higher novelty seeking score) than that of ADHD. Elimi-
nating the path from DRD4 to novelty seeking resulted in a
negligible change in model fit as reflected by the RMSEA
criteria (0.048 to 0.051) and WRMR (0.803 to 0.821). Fur-
thermore, there was alack of change in variance explained
for ADHD (R?=0.28 in both models) with or without DRD4
predicting novelty seeking in the models. The implication
of this is that DRD4 and novelty seeking are working more
or less independently to influence ADHD, a topic to be ex-
amined more in the Discussion section.

Second, we evaluated the role of DRD4 on specific hy-
peractive-impulsive and inattentive symptoms by extend-
ing Models VI and VII in Table 2. We examined and pre-
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dicted hyperactivity-impulsivity, inattention, and all
Temperament and Character Inventory factors as a func-
tion of DRD4. Again, regressions on harm avoidance, self-
transcendence, and self-directedness on DRD4 were ap-
proximately zero and dropped from the model. The result-
ing model had a good fit, as reflected by RMSEA=0.041 and
comparative fit index=0.941.

The regression weights of DRD4 on novelty seeking and
cooperativeness were similar and in the negative direction
(i.e., absence of the “risk” allele, higher novelty seeking
and cooperativeness scores) while in the positive direction
on the hyperactive-impulsive and inattentive symptom
sum scores. DRD4 had nonsignificant influences on hy-
peractivity-impulsivity and inattention, and the only path
reaching significance was that of DRD4 on novelty seeking
in this model (z=-2.0). Inclusion of DRD4, however, led to
an overall modest improved fit of the model relative to one
without DRD4 (Model VII, Table 2) as reflected by the
change in RMSEA (0.057 to 0.041) and SRMR (0.077 to
0.073). Excluding all paths from DRD4 except that predict-
ing novelty seeking resulted in no significant change in
goodness of fit of the model (y?4if=6.48, dfqifr=3, p=0.09).

Discussion

The first-order factor structure described by Cloninger’s
Temperament and Character Inventory was evident in
our dataset. In general, we saw that the observed vari-
ables of each construct indeed measured the latent vari-
able as expected. These results strengthen the reliability
of the Temperament and Character Inventory as a mea-
sure of temperament.

The current study replicates and confirms the findings
of Downey et al. (54) in a sample size twice as large. Specif-
ically, there is a strong role of novelty seeking as a predic-
tive factor of ADHD diagnostic status. While correlation
does not imply causality, we modeled novelty seeking and
other temperament factors as predictors of ADHD rather
than ADHD predicting temperament. This directionality
was based on the theoretical and empirical research sug-
gesting that temperamental differences are evident in in-
fancy and early childhood (45). Temperament, in general,
was found to be a major predictor of lifetime ADHD status
in parents of ADHD-affected sibling pairs (R?=0.49), with
novelty seeking the primary contributor (R?=0.26). Similar
to Downey and colleagues’ findings, novelty seeking and
harm avoidance contribute to ADHD status (although
harm avoidance was individually not significant). How-
ever, novelty seeking was by far the larger contributor to
ADHD. One explanation for the discrepancy for the role of
harm avoidance in the Downey study and ours may be
that our subjects reflect a more homogeneous (and likely
genetic) group of ADHD adults because of the fact that
they were ascertained through having at least two ADHD-
affected children. Perhaps novelty seeking plays a greater
role relative to other temperament scales in familial ADHD
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than in less familial cases. The temperament scale of self-
transcendence was actually more strongly associated with
ADHD in our sample than harm avoidance, but neither
scale individually reached a level of significance to require
inclusion in the most parsimonious model.

We also found a significant role of the character dimen-
sion cooperativeness in predicting hyperactive-impulsive
symptoms but not ADHD status in the parents. Downey et
al. did not have a method to assess this dimension be-
cause they used an earlier instrument, the Tridimensional
Personality Questionnaire, instead of the more current
Temperament and Character Inventory. Since coopera-
tiveness reflects items of character maturity (e.g., “I usu-
ally accept other people as they are, even when they are
very different from me” and “I cannot have any peace of
mind if I treat other people unfairly, even if they are unfair
to me”), the relationship of cooperativeness in adulthood
to hyperactive-impulsive symptoms in childhood may re-
flect a continuous developmental trajectory. Conversely,
the presence of hyperactive-impulsive symptoms in child-
hood may contribute to poor development of aspects of
maturity, e.g., by interfering with social and emotional
regulation. Further work exploring the relationship of this
aspect of character development with hyperactive-impul-
sive symptoms in ADHD is needed.

At the diagnostic level, DRD4 plays a minor but signifi-
cant role. However, the association of ADHD and novelty
seeking was not accounted for by the presence of a risk al-
lele at DRD4. When individual symptom scores (hyperac-
tive-impulsive and inattentive) were evaluated rather than
ADHD, DRD4 did not contribute to symptom variability
but did have a minor effect on novelty seeking. The pat-
tern of weights from DRD4 to ADHD and novelty seeking
suggests that the relationship of DRD4 to ADHD is oppo-
site that of DRD4 to novelty seeking, in contrast to the ex-
pectation if the putative “risk” DRD4 variant was account-
ing for their association. These data strongly suggest that
the 7-repeat variant of the 48-bp polymorphism at DRD4
is a genetic variant associated in small part with ADHD
(<5%) and possibly novelty seeking (<5%), but that it does
not account for the strong phenotypic association of the
two traits. To our knowledge, two other studies docu-
mented a negative relationship of DRD4 to novelty seek-
ing, but most associations of DRD4 and novelty seeking
are in the reverse direction. Gelernter and colleagues (29)
found this sort of negative association specifically in Euro-
pean American women and substance-dependent African
American subjects. Malhotra and colleagues (68) found
this negative association specifically in a Finnish popula-
tion with substance abuse diagnoses. Further work inves-
tigating the relationship of DRD4 and novelty seeking in
the context of substance dependence or abuse within
ADHD samples may clarify the discrepancies observed
across studies. DRD4 also contributed a small (and mar-
ginally significant) proportion of variance in the character
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trait cooperativeness, but again in a negative direction
(absence of the allele, higher cooperativeness).

The current investigation of DRD4 as a predictor of
ADHD or novelty seeking in parents ascertained from
multiply affected ADHD families suggests that the strong
association of ADHD and novelty seeking observed in the
current sample is not due to the small influence of the
DRD4 48-bp 7-repeat variant. A minor role of this genetic
variant on ADHD is indicated, but its influence pales in
comparison to that of the personality construct novelty
seeking (25%) in accounting for “liability” to ADHD. It re-
mains impossible to identify whether novelty seeking in-
creases one’s risk for ADHD or whether the presence of
ADHD influences the development of novelty-seeking
temperament. Assuming that aspects of temperament
emerge before the onset of ADHD symptoms, investiga-
tions of high novelty-seeking temperament in infancy may
prove useful for identifying “at risk” ADHD children. More
important, molecular work investigating the genetics of
ADHD may benefit from inclusion of novelty seeking as a
potential “endophenotype” given its strong association
with ADHD and high heritability (53).

We have furthered the knowledge that parents of chil-
dren with ADHD, who have a history of ADHD themselves,
have significantly high novelty seeking, a temperament
factor that may predispose one to ADHD or may be a result
of having ADHD. In addition, the parents who have a his-
tory of high levels of impulsivity and hyperactivity also
have lower scores on the cooperativeness character factor
as adults, perhaps suggesting that impulsive behavior
leads to reduced development of cooperativeness in adult-
hood (52). The present finding has important implications
for intervention in ADHD through identifying important
parent-based issues. Such parental factors may influence
the variability in ADHD symptom persistence, comorbid-
ity, and degree of impairment. This becomes an especially
poignant question when considering the immense chal-
lenges parents of ADHD children face and that success of
interventions may vary as a function of parental character-
istics. Every clinician has faced the challenges of some
families in which the parents as well as the children are
affected with ADHD. An illustrative example of this is a case
of a 7-year-old boy, brought in by his parents with the com-
plaints of hyperactivity, difficulty with paying attention at
school, and difficulty studying at home all causing major
problems. As the evaluation got underway, we discovered
the mother’s lifelong struggle with inattention and disorga-
nization. This not only impacted her life but caused her to
target this boy all throughout his latency years as being
“bad” and “unmanageable since birth when his scream
was the loudest.” It became clear as the treatment pro-
gressed that this boy, the third of four children, was excep-
tionally challenging for this mother who had struggled
with similar symptoms. This complicated the treatment of
the boy in many ways. Psychotherapy for the family was
helpful to alleviate damage to the boy’s self-esteem, and
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proper medication and psychotherapy for the mother
helped alleviate her struggle as well. Although the present
study does not review the limited data on specific difficul-
ties presented in these cases of both parents and children
having ADHD, our work does suggest that further investi-
gation of this issue is important. In light of major efforts
underway to best understand how to intervene and influ-
ence the development of ADHD and curtail the develop-
ment of comorbidity and dysfunction in individuals with
ADHD, this study may help guide our efforts of treatment
development. Targeting character development or devel-
opment of coping mechanisms in the parents of ADHD
children, as well as in the ADHD children themselves, may
serve to improve treatment outcomes. This would mean
targeted psychotherapy in some cases with parents in ad-
dition to any psychopharmacologic interventions.

Limitations of the present study include the possibility
that our results cannot generalize to ADHD adults because
parents of ADHD-affected sibling pairs may differ. In ad-
dition, ADHD diagnoses in these parents were based on
retrospective data, and recall bias may affect findings.
Furthermore, high novelty-seeking individuals may differ-
entially report themselves as having ADHD. To buffer
against this sort of reporting error, we did use observer rat-
ings, clinical evaluations, and spouse reports to ensure the
most reliable diagnosing.
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