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Attention Deficit Hyperactivity Disorder (ADHD) commonly co-occurs with Oppositional
Defiant Disorder, Conduct Disorder and Reading Disability. Twin studies are an important
approach to understanding and modelling potential causes of such comorbidity. Univariate and
bivariate genetic models were fitted to maternal report data from 2040 families of twins from the
Australian Twin ADHD Project. All measures showed a heritability of over 0.8 and little role for
the common family environment, except for the combined subtype of ADHD with a heritability of
0.69 and a common environment of 0.19. About one-third of the genetic variance in ADHD was
shared with the other behaviours, the largest overlap being with Oppositional Defiant Disorder.
Common environmental effects were shared between the combined ADHD subtype and the other
measures. Some implications of these findings for home and school are discussed.
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Introduction

Attention Deficit Hyperactivity Disorder (ADHD) has been shown to be a highly
heritable disorder utilising twin studies (Martin, Scourfield, & McGuffin, 2002) and
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family studies (Biederman, Faraone, Keenan, Knee, & Tsuang, 1990). The prevalence
of ADHD is in the region of 5–10% in the general population (Milberger, Faraone,
Biederman, Testa, & Tsuang, 1996), but family studies have found that 30–35% of
full siblings of affected children also meet ADHD criteria (Faraone, Biederman, &
Friedman, 2000). In the fourth edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV) (American Psychiatric Association [APA], 1994) ADHD
is diagnostically separated into three subtypes; namely, Predominantly Inattentive
(ADHD-I), Hyperactive/Impulsive (ADHD-HI), and Combined (ADHD-C).

ADHD very often occurs comorbidly with other disorders such as Oppositional
Defiant Disorder (ODD), Conduct Disorder (CD) and Reading Disability (RD)
(Levy, Hay, Bennett, & McStephen, 2005; Scourfield, Van den Bree, Martin, &
McGuffin, 2004). Indeed the European classification (Taylor et al., 2004), which
uses the term “hyperkinesis” and requires symptoms of inattention, hyperactivity, and
impulsivity, specifically makes the distinction of hyperkinesis with and without CD.
The mechanisms by which these comorbidities are mediated are not well known but
they are under investigation. The overlap between ADHD, ODD, and other disorders
has been explored using latent class analysis (Neuman et al., 2001). These authors
found distinct classes with and without comorbidity, suggesting that the comorbid
disorder may be genetically distinct from either ADHD or ODD. Further work (Volk,
Neuman, & Todd, 2005) suggests that ODD is most commonly found comorbid with
the ADHD-C subtype while CD is found with all subtypes. While there are gender
differences in ODD and CD in the general population, Levy et al. (2005) found they
were much reduced among females and males in the three DSM-IV subtypes.

The overlap of the inheritance components of the disorders is an obvious area to
explore, and several such studies have found shared genetic and environmental influ-
ences of ADHD with ODD and/or CD (Thapar, Harrington, & McGuffin, 2001;
Waldman, Rhee, Levy, & Hay, 2001). Waldman et al. found an almost complete
genetic overlap of ADHD with ODD, but more genetic specificity when it came to
analysing the overlap of ADHD and CD. This is particularly interesting, given that
ODD has sometimes been seen as the developmental precursor of CD.

Genetic methods offer exciting possibilities to understand the relationship of
ADHD to reading. The main studies of reading disability in twins have been
conducted over more than a decade in Colorado, focusing initially on twins identi-
fied with reading problems through the school system. Genetic deficits in phonolog-
ical awareness have been found to underlie problems with phonological decoding
and word reading (Gayan & Olson, 2001). A slightly different approach was used by
Bates et al. (2004), who specifically assessed the genetics of the dual route model of
reading, as well as lexical and sublexical routes to spelling.

There have been different approaches to the genetics of the relationship of ADHD
to reading. The twin approach has been used by the Colorado group (Willcutt,
Pennington, & DeFries, 2000) and also by Stevenson (2001), who went further
and identified a closer relationship of reading to inattention than to hyperactivity/
impulsivity. Molecular approaches to ADHD, reading, and their overlap are
summarised in Levy, Hay, and Bennett (2006). One of the genes on chromosome 6
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that has been repeatedly implicated in reading has been found to be pleiotropic, in
that it also influences ADHD (Willcutt et al., 2002). In a genome-wide scan of ADHD,
at least three genes turned out to be pleiotropic for both behaviours (Loo et al., 2004).

The aim of the current study was to take questionnaire measures for ADHD,
CD, RD, and ODD and look for a shared genetic heritability using quantitative
genetic methodology in a very large twin sample. While this methodology is power-
ful, it does require extremely large sample sizes (Neale & Cardon, 1992), which in
turn may restrict the approach used to obtain information. Questionnaires rather
than face-to face assessment may be the only affordable means of obtaining such
information. This approach can answer the question of why the disorders co-occur
so commonly and tease apart the genetic influences from the environmental effects
acting upon the disorders to better understand how they come about. By looking at
the comorbid disorder we can examine whether it is a general link between ADHD
and the other disorders or whether particular ADHD subtypes are linked more
strongly with particular other disorders. Specific patterns of comorbidities may
point to particular aetiological pathways that can then be explored more fully. For
example, is the connection between ADHD and ODD/CD biological, or nothing
more than children who cannot attend or do well in school becoming frustrated?
Similarly, is the connection between ADHD and reading because children who
cannot attend fail to develop appropriate reading skills, or conversely because chil-
dren who cannot read become bored—or does it result from a common environ-
mental and/or biological basis to both?

Method

Participants

The participants consisted of 2,040 families of twins from the Australian Twin
ADHD Project summarised in Levy, Hay, Waldman, and McStephen (2001).
Families were ascertained from the Australian Twin Registry (http://www.twins.
org.au), a nation-wide, volunteer-based database of twins and higher-order multiple
birth families born in Australia. The twin pairs were aged 5–16 years (M = 13.4
years, SD = 3.6). There were 907 monozygotic (MZ) pairs (456 male, 451 female),
608 same-sex dizygotic (DZ) pairs (317 male, 291 female), 498 male/female DZ
pairs, and 27 pairs for whom zygosity could not be assigned (they were excluded
from further analyses and are not included in the following counts). In total, 2,044
males and 1,982 females participated.

Each family was sent a questionnaire package for returning by pre-paid mail. The
project was approved by Curtin University Human Research Ethics Committee and
by the Australian Twin Registry.

Measures

Reading Disability questionnaire.   A seven-item questionnaire with high reliability and
validity was used to assess RD symptoms (Willcutt, Boada, Pennington, & Riddle, in
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press). It contains items such as “Does this child have difficulty with spelling” and
“Does this child read below grade or expectancy level”. The responses range from
“Not at all” (scored as 0) to “Very much/very often” (scored as 3). Scores are
totalled and those scoring more than 1.5 standard deviations below the mean are
considered affected.

Australian Twin Behaviour Rating Scale.   ADHD symptoms were assessed using the
Australian Twin Behaviour Rating Scale (ATBRS) (Levy & Hay, 2001; Levy et al.,
2001), a parent-report questionnaire containing 18 items assessing DSM-IV criteria
for ADHD as observed in the child over the previous 12 months. It contains items
such as “Has difficulty keeping attention on work or games” and “Has difficulty
organising tasks or activities”, which follow the language of the diagnostic items in
DSM-IV. As with the RD questionnaire, responses ranged from 0 to 3. The scores
are then used to define whether each child is affected and with which subtype
(inattentive, hyperactive/impulsive, or combined).

The ATBRS also contains 17 items for CD and eight items for ODD, which, as
with the ADHD items, are based on the language of the DSM-IV diagnostic criteria
and are scored in a similar fashion.

Zygosity questionnaire.   Zygosity was assigned using the following process. First the
parents were asked whether there had been DNA testing to determine zygosity. If
they answered no, then a twin similarity questionnaire of demonstrated validity
(Cohen, Dibble, Grawe, & Pollin, 1975; Nichols & Bilbro, 1966) was used, as
results from such questionnaires have been shown to have good agreement with
results from tests using blood or genetic markers (McGuffin, Owen, O’Donovan,
Thapar, & Gottesman, 1994). The questionnaire (described by Levy et al., 2001)
contains 12 questions such as “Does their mother ever confuse them in appear-
ance?”, “Do they have very similar personalities?”, and “Do they have the same
blood group?” to assess how similar the twins appear to be in terms of appearance,
personality, and biology. All opposite-sex pairs were assigned as dizygotic.

Analyses

Exploratory analysis of the data was performed using SPSS software (SPSS Inc.,
2003). Point prevalences were calculated to find the proportion of the sample
affected by ADHD as defined by the published cut-offs for the DSM-IV and RD
scales. Differences in groups defined by zygosity, age, and sex were then investi-
gated, and regression and Mann–Whitney tests (McGuffin et al., 1994) were
performed to explore the significance of any differences found. Only sex differences
were found and so the data were standardised by sex.

The raw scores for the ATBRS were very negatively skewed with a “floor effect”
whereby a high proportion of the sample had low scores. To achieve a closer approx-
imation to normality, the data were transformed by taking the logarithm of each
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score. This was also true for the scores for the other scales, so similar transforma-
tions where performed on those.

All model fitting was performed using the Mx package (Neale, 1997). First,
univariate modelling was performed on each ADHD subtype and on the total
scores of each of the other scales. The model fitting was performed using the logic
as laid out in Neale and Cardon (1992), whereby first a model containing variance
components for additive genetics (A), common environment (C) and non-shared
environment (E) is examined (see Levy, Hay, & Bennett, 2006), and then nested
submodels are trialled and compared for best fit. If two models have a similar fit to
the data, the simpler one (involving fewer variables and degrees of freedom in the
model-fitting) is accepted for parsimony. For example, first the ACE model is
fitted and the χ2 and p values noted. The AE model is then tested and if the χ2 for
the AE model does not appreciably reduce the fit, given the extra degree of free-
dom, then the AE is accepted to be the better fitting model. This is repeated with
the CE model and the values again compared to see if it fitted better than the AE
or ACE models. The results of the model fitting give the heritability with respect to
the components being tested in the model; for example, a heritability of 60%
comprises an additive genetic component of 60% and 40% common plus non-
shared environment. The non-shared environment includes any error of measure-
ment and is thus, in the absence of any real environmental effects, an estimate of
reliability.

Next bivariate model fitting was performed on the ADHD data against the other
scales, using the correlation of within and between twin scores on each scale. This
was performed to explore any shared and exclusive inheritance between ADHD
symptoms, as measured by the ATBRS, and the other disorders as measured by
their scales. The same logic was followed for the fitting of bivariate models as for the
univariate but with the added complexity of examining variance components
between, in addition to within, each disorder.

Results

Prevalence

There are no published cut-offs for CD and ODD on the measures used so both of
these disorders were treated as continua. The prevalence of RD using the published
cut-off (Shaywitz, Shaywitz, Fletcher, & Escobar, 1990; Willcutt et al., 2000;
Willcutt & Pennington, 2000) was 6% (N = 215) in our sample, which is compara-
ble with the rate found in control groups in previous studies (APA, 2000 ; Friedman,
Chhabildas, Budhiraja, Willcutt, & Pennington, 2003).

The prevalence of ADHD was split into its subtypes as presented in Table 1.
Responding “Pretty much/Often” or “Very much/Often” to six or more items of
inattentive and/or hyperactive-impulsive symptoms followed the DSM-IV classifica-
tion (APA, 1994). The table indicates there is an approximately 2:1 ratio of
males:females affected.
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Age, Sex, and Zygosity

Regression was performed by age for each scale in order to determine any age effects.
The tests were performed separately for each sex and zygosity in addition to the whole
sample. For all the tests, the r2 values ranged from –0.001 to 0.000 and the analysis
of variance p values from 0.343 to 0.769, indicating no detectable age effects.

Mann–Whitney tests were performed for zygosity and sex effects. Again the tests
were performed separately on the subgroups and the whole sample. For zygosity there
were no effects with p values ranging from 0.147 to 0.969. For sex, all scales showed
a significant effect (p < 0.001), demonstrating that males had significantly higher mean
scores on all of the ATBRS. All scores were then standardised by sex and the test
performed again to check that the sex effects had been removed prior to modelling.

Univariate Modelling

The results of the univariate modelling on ADHD symptoms are presented in
Tables 2 and 3. There are three degrees of freedom, so if the full ACE model is fitted
there is a perfect fit. Reducing this to AE frees one degree of freedom to test the
consequences of dropping C.

It can be seen that for inattentive (ADHD-I, rmz = 0.86, rdz = 0.45) and hyperac-
tive-impulsive (ADHD-HI, rmz = 0.86, rdz = 0.45) subtypes, the ACE model is best,
although common environment makes a relatively small contribution compared with
additive genetics. The ACE model is also the best fit for the combined subtype
(ADHD-C, rmz = 0.88, rdz = 0.53), but with a larger common environmental
component. These results are as expected from the MZ/DZ correlations, where for
ADHD-I and ADHD-HI the MZ correlation is roughly twice the DZ, which

Table 1. Prevalence of ADHD symptoms by sex

Male
(%)

Female
(%)

Total
(%)

Inattentive 122  (7) 58 (3) 180  (5)
Hyperactive/implusive  20  (1) 23 (1) 43  (1)
Combined 139  (8) 61 (4) 200  (6)
Total 281 (16) 142 (8) 423 (12)

Note: Data presented as total number (group percent).

Table 2. Univariate best-fitting models for the three ADHD subtypes

ATBRS scale A C E

ADHD-I (p = 1.00, χ2 = 0) 0.81 0.04 0.14
ADHD-HI (p = 0.95, χ2 = 0) 0.83 0.03 0.14
ADHD-C (p = 1.00, χ2 = 0) 0.69 0.19 0.13
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suggests additive genetics, but much less than twice for ADHD-C, which suggests
the presence of common environmental effects.

The results of the univariate modelling for RD, CD, and ODD are presented in
Table 3. As with ADHD-C, the ACE model is the best fit for RD symptoms (rmz =
0.88, rdz = 0.46), although the common environmental effect is much smaller. As
with the subtypes other than combined, there is a relatively small contribution from
common environmental influences. For CD (rmz = 0.89, rdz = 0.42) and ODD (rmz
= 0.85, rdz = 0.45), the AE model gives the best fit and both show a large genetic
component (88% for CD and 85% for ODD).

Bivariate Modelling

Each of the subtypes of ADHD was modelled separately against each of the other
disorders (example model shown in Figure 1). Figure 1 shows the psychometric
model used in these analyses. The shared components are shown at the top of the
figure, while disorder-specific effects are at the bottom of the figure. For example,
the genetic variance specific to RD may include aspects of cognition that have less
overlap with inattention, while processes related to concentration would be
contained in the shared variance.
Figure 1. Psychometric bivariate path diagram of Predominantly Inattentive (ADHD-I) and Reading Disability (RD) disordersNote:A= Additive genetic effects common to ADHD and RDE= Non-shared environmental effects common to ADHD and RDAR/A = Additive genetic effects specific to RD/ADHD ER/A = Non-shared environmental effects specific to RD/ADHDRD = Reading Disability symptoms (1 =twin 1, 2 = twin2ADHD = ADHD symptoms (1 =twin 1, 2 = twin2MZ = monozygotic correlationDZ = dizygotic correlationThe correlations between the measures are presented in Table 4.

Reading Disability.   Table 5 presents the results for the modelling of ADHD and
RD. The strongest association seen in this table is between the inattentive subtype
and reading disability, with fairly poor fits for the models involving the hyperactive/
impulsive or combined subtypes. Even though the univariate analyses for each had
small common environments, the bivariate model shows no such effects. There is a
shared genetic component of 31% between inattention and reading disability. Each
then has its own sizeable, specific genetic component (55% for inattentive and 56%
for reading disability).

Conduct Disorder.   Table 6 presents the results for the modelling of ADHD and CD.
The strongest association seen in this table is between the hyperactive/impulsive
subtype and CD. There is a shared genetic component of 37% between disorders,
but each has its own sizeable, specific genetic component (49% for hyperactive/
impulsive and 52% for Conduct Disorder).

Table 3. Univariate best-fitting models for RD, CD, and ODD

Scale A C E

RD (p = 1.00, χ2 = 0) 0.83 0.04 0.12
CD (p = 0.92, χ2 = 0.91) 0.88 – 0.12
ODD (p = 0.94, χ2 = 0.80) 0.85 – 0.15
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Oppositional Defiant Disorder.   Table 7 presents the results for the modelling of
ADHD and ODD. The strongest association seen in this table is between the hyper-
active/impulsive subtype and ODD. There is a shared genetic component of 42%
between disorders, with a small shared common environmental component of 6%.

Table 4. Correlations between the measures

ADHD-I ADHD-HI ADHD-C RD CD ODD

ADHD-I 1.000 0.435 0.856 0.348 0.346 0.445
ADHD-HI 0.435 1.000 0.782 0.223 0.383 0.526
ADHD-C 0.856 0.782 1.000 0.308 0.404 0.549
RD 0.348 0.223 0.308 1.000 0.174 0.180
CD 0.346 0.383 0.404 0.174 1.000 0.777
ODD 0.445 0.526 0.549 0.180 0.777 1.000

E1 A1

AR1 ER1

RD1 

AA1EA1

Twin1 

A2 E2

EA2AA2 AR2

DCD2

ER2 

Twin2

0.31 0.310.03 0.03

1.0

MZ=1.0/DZ=0.5

0.56  0.560.09 0.090.55 0.110.11 0.55

MZ=1.0/DZ=0.5

MZ=1.0/DZ=0.5

RD2 ADHD1 ADHD2

1.0 1.01.0

} Shared 

} Specific

Note:
• A= Additive genetic effects common to ADHD and RD
• E= Non-shared environmental effects common to ADHD and RD
• AR/A = Additive genetic effects specific to RD/ADHD 
• ER/A = Non-shared environmental effects specific to RD/ADHD
• RD = Reading Disability symptoms (1 =twin 1, 2 = twin2
• ADHD = ADHD symptoms (1 =twin 1, 2 = twin2
• MZ = monozygotic correlation
• DZ = dizygotic correlation

Figure 1. Psychometric bivariate path diagram of Predominantly Inattentive (ADHD-I) and 
Reading Disability (RD) disorders
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Each then has its own specific genetic component (38% for hyperactive/impulsive
and 36% for ODD). Interestingly, in this model the shared genetic component is
larger than the disorder-specific components, thus implying that the comorbidity is
due largely to a shared set of genetic influences rather than to a combination of
specific components.

Table 5. Best fitting bivariate models for ADHD and RD

Shared ADHD only RD only

A C E A C E A C E

ADHD-I (p = 0.46, χ2 
= 13.91, df = 14)

0.31 – 0.03 0.55 – 0.11 0.56 – 0.09

ADHD-HI (p = 0.06, 
χ2 = 23.34, df = 14)

0.18 – 0.02 0.67 – 0.12 0.69 – 0.10

ADHD-C (p = 0.04, χ2 
= 22.05, df = 12)

0.21 0.06 0.03 0.49 0.11 0.09 0.61 – 0.08

Table 6. Best fitting bivariate models for ADHD and CD

Shared ADHD only CD only

A C E A C E A C E

ADHD-I (p = 0.35, 
χ2 = 15.39, df = 14)

0.35 – 0.02 0.50 – 0.12 0.55 – 0.10

ADHD-HI (p = 0.58, 
χ2 = 12.34, df = 14)

0.37 – 0.01 0.49 – 0.12 0.52 – 0.10

ADHD-C (p = 0.07, 
χ2 = 19.87, df = 12)

0.34 0.06 0.02 0.38 0.08 0.10 0.50 – 0.10

Table 7. Best fitting bivariate models for ADHD and ODD

Shared ADHD only ODD only

A C E A C E A C E

ADHD-I (p = 0.22, 
χ2 = 17.65, df = 14)

0.45 – 0.01 0.41 – 0.13 0.40 – 0.14

ADHD-HI (p = 0.93, 
χ2 = 6.37, df = 13)

0.42 0.06 0.03 0.38 – 0.10 0.36 – 0.12

ADHD-C (p = 0.73, 
χ2 = 8.70, df = 12)

0.41 0.12 0.03 0.30 0.04 0.09 0.33 – 0.12
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Discussion

The prevalences of ADHD and RD were found to be comparable with those found
in previous studies. It was also found that ADHD symptoms occurred at a higher
rate in males than females (at a ratio of approximately 2:1), which is also in line with
previous studies. The univariate analyses demonstrated that all of the disorders have
a strong genetic component. For the ADHD subtypes and RD there was also a
modest shared environmental component.

The bivariate analyses showed that RD is most strongly linked with ADHD-I,
with a shared genetic heritability of 31%. CD was most strongly linked with ADHD-
HI, with a shared genetic heritability of 37%. There was a smaller but reasonable
relationship to ADHD-I with a shared genetic heritability of 35%. ODD was most
strongly linked with ADHD-HI with a shared genetic heritability of 42%, but there
were lower correlations with both ADHD-C and ADHD-I.

The strong comorbidity between RD and ADHD-I (31% shared heritability), as
opposed to between RD and the other ADHD subtypes (20% shared heritability), is
what one would expect intuitively and is in agreement with previous studies
(Friedman et al., 2003; Stevenson, 2001). Particularly, Stevenson, found exactly
30% of phonological awareness overlapped between RD and ADHD. Inattention
and deficits with concentration, as characterised by ADHD-I, would make it very
difficult for a child to learn to read, but this can also work in the other direction. The
next step, to tease apart the nature of the shared heritabilities, begs the following
questions: Do affected children display RD symptoms simply because ADHD-I
symptoms make learning to read difficult or is some other, complex, shared pathway
at work? Is there some shared factor, such as shared genes, which increases risk of
both RD and ADHD-I, which is entirely separate from influences causative of either
disorder alone? Does the presence of one disorder cause symptoms of the other, but
not the other disorder (Willcutt et al., 2000)? It could also be that both disorders
share a common subset of risk factors so elevated factors of one lead to an increase in
the likelihood of the other. In future work, with a larger sample, this can be explored
by comparing rates of comorbidity in extreme scoring inattentive twin and sibling
pairs. In doing so a test of whether a high symptom count for one disorder is usually
accompanied by an elevated count in the other can be made. Furthermore, the use
of both twins and siblings will allow further exploration of the nature of the genetic
factors involved.

The strong comorbidity of ODD and CD with ADHD-HI is also what one would
expect from the observed symptoms of inappropriate behaviour and over-activity,
and agrees with previous work (Dick, Viken, Kaprio, Pulkkinen, & Rose, 2005). As
with the RD and ADHD-I comorbidity, more work is required to elucidate how it is
mediated. Mannuzza, Klein, Abikoff, and Moulton (2004) found ADHD in
children to be a predictor of CD in later life whether or not the child had CD. Other
studies (Satterfield & Schell, 1997) disagree with this and highlight another limita-
tion of research in this area. Both studies defined CD in different ways, both to each
other and to the present study. Mannuzza et al. used clinically diagnosed CD,
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Satterfield and Schell used criminality, while in this present study we used a short
questionnaire measure. This means that a true comparison of the results is not
entirely possible as each study is examining different phenotypes. Unfortunately with
so many different ways of defining each disorder (questionnaires versus clinical
interviews, self-report versus parent-report versus teacher-report) it becomes very
difficult to make a valid comparison of results between studies, as at best they are
examining overlapping phenotypes but not necessarily identical ones. This could
also explain the disagreement between the current study and work by Volk et al.
(2005) in which no differences were found in the rate of comorbidity of a variety of
disorders with the ADHD subtypes.

It has been argued that the co-occurrence of these disorders may be an artefact of
sampling using clinical populations (Caron & Rutter, 1991), since people may
initially present because of either disorder, or may be more likely to present with
both disorders. For example, children with ADHD-I are much less likely to present
clinically than those with ADHD-C (Sawyer et al., 2004), and reading difficulties
may be the reason why their inattention comes to the attention of the school or a
clinician. As the present sample is non-clinical and is population based, such biases
to an overestimate of comorbidity are unlikely, as supported by other work
(Fergusson & Horwood, 1992).

A limitation of our study, however, is that all data are taken from questionnaire
reports from a single rater. This means the results must be seen in light of both
rater bias and shared method variance. Rater bias means that a particular person
may give different subjective ratings of the same observed phenotype/behaviours,
compared with another rater. It has been shown that mothers and teachers have
biases that can produce differing conclusions from the same sample (Martin et al.,
2002). Shared method variance is where two unrelated variables may be linked
simply because they were collected using the same method (Willcutt et al., 2000).
In this case, data were collected solely via questionnaire and so this cause of bias
must also be investigated. Future work is planned to perform formal clinical inter-
views on a subset of the group. By comparing results from interviews and question-
naires we will be able to remove shared method variance and also add self-reports
to the parent rated data in order to obtain a clearer picture than with a single
source of data.

Implications for Practice

Hay and Levy (2001) discussed at length the implications of the genetics of ADHD
for clinics and schools, but a few specific points should be noted. Not only do all
these behaviours have a substantial genetic component, but there is a very modest
role for common family environment, the opposite of what the proponents of “bad
parenting” have postulated. The only exception is ADHD-C, where the combina-
tion of inattention and hyperactivity/impulsivity with the generally higher rates of
comorbidity in this group (Levy et al., 2005) makes for a difficult family environ-
ment, which affects all family members. McDougall, Hay, and Bennett (in press)
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identify the impact especially of ADHD-C on anxiety problems in siblings, and
particularly the co-twin of a DZ twin with ADHD.

At the same time, the high genetic component has implications for parenting style.
Parents may not reach criteria for ADHD (Hay, McStephen, & Levy, 2001), but
may have problems with organisation and with impulse control that limit their ability
to implement consistent parenting practices that assist their child(ren) with ADHD.
Technically this is called genotype–environment correlation, where the child(ren) do
not just have the genes for ADHD, but also an environment that fails to limit
ADHD-related behaviour.

While this study has only touched on the extent of comorbidity in ADHD, it has
raised a most interesting issue for clinicians and teachers. Namely, why does comor-
bidity happen and what can be done to limit its impact? Given the scepticism of
some individuals about the existence of ADHD, some legitimacy comes from the
finding that it often occurs in association with conditions such as RD where there is
not the same uncertainty. It is clear that there are many different pathways to comor-
bidity and that combined behavioural and molecular genetic studies are contributing
to an understanding of why, and thus how to address the issue.
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