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Abstract Oppositional defiant disorder (ODD) is
highly prevalent in attention-deficit/hyperactivity disorder (ADHD). Individuals with both ADHD and ODD
(ADHD + ODD) show a considerably worse prognosis
compared with individuals with either ADHD or ODD.
Therefore, identification of risk factors for ADHD + ODD
is essential and may contribute to the development of
(early) preventive interventions. Participants were matched
for age, gender, and ADHD-subtype (diagnostic groups),
and did not differ in IQ. Predictors included pre- and perinatal risk factors (pregnancy duration, birth weight, maternal smoking during pregnancy), transgenerational factors
(parental ADHD; parental warmth and criticism in diagnostic groups), and postnatal risk factors (parental socioeconomic status [SES], adverse life events, deviant peer affiliation). Three models were assessed, investigating risk factors
for ADHD-only versus controls (N = 86), ADHD + ODD
versus controls (N = 86), and ADHD + ODD versus
ADHD-only (N = 90). Adverse life events and parental
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ADHD were risk factors for both ADHD + ODD and
ADHD-only, and more adverse life events were an even
stronger risk factor for comorbid ODD compared with
ADHD-only. For ADHD + ODD, but not ADHD-only,
parental criticism, deviant peer affiliation, and parental SES
acted as risk factors. Maternal smoking during pregnancy
acted as minor risk factor for ADHD-only, while higher
birth weight acted as minor risk factor for ADHD + ODD.
No effects of age were present. Findings emphasise the
importance of these factors in the development of comorbid
ODD. The identified risk factors may prove to be essential
in preventive interventions for comorbid ODD in ADHD,
highlighting the need for parent-focused interventions to
take these factors into account.
Keywords ADHD · ODD · Risk factors · Comorbidity

Introduction
Attention-deficit/hyperactivity disorder (ADHD) is a
common childhood psychiatric disorder that is defined by
developmentally inappropriate levels of inattention, and/
or hyperactivity and impulsivity [2]. Previously identified
risk factors for ADHD include both genetic and environmental factors. However, the genetic risk factors identified thus far explain only a small percentage of the heritability [for extensive reviews see: 27, 50]. Environmental
risk factors for ADHD have shown to have more substantial effect sizes than genetic factors [27], and may have
more immediate relevance for clinical treatment. While
some environmental factors can be used to provide early
identification of at-risk individuals, others can possibly
be counteracted by education, training, or interventions.
Environmental factors can be subdivided into pre- and
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perinatal factors, transgenerational influences and postnatal factors. Well-documented pre- and perinatal factors for ADHD include premature birth, low birth weight
and maternal smoking during pregnancy [32]. Low birth
weight is one of the most investigated and consistently
reported risk factors for ADHD, and might even (partly)
explain the association between maternal smoking during pregnancy and ADHD [39, 41]. Well-documented
transgenerational influences and postnatal risk factors include a family history of ADHD and higher levels of family conflict [36, 49], although a family history
of ADHD is likely to comprise both environmental and
genetic influences.
A condition which is frequently comorbid with ADHD
is oppositional defiant disorder (ODD), occurring in up to
60% of individuals with ADHD [14, 21]. ODD is defined
by a frequent and persistent pattern of irritable and angry
mood, vindictiveness, and developmentally inappropriate, negativistic, defiant, and disobedient behaviour toward
authority figures [2]. Individuals with both ADHD and
ODD have a considerably worse prognosis than individuals
with either one of the disorders in terms of an increased risk
to develop anxiety and depressive disorders as well as conduct disorder and even antisocial personality disorder later
in life [4, 35]. Furthermore, the comorbid group shows an
earlier onset with more functional impairments and exhibits
more physical aggression and delinquency than individuals
with ADHD or ODD alone [4, 34, 35]. This emphasises the
need to not only identify risk factors for ADHD, but especially for ODD comorbid with ADHD. The identification
of these factors can contribute to the development of early
preventive interventions.
Compared with ADHD, relatively few studies have
investigated risk factors for comorbid ODD in ADHD.
Reported risk factors for ODD, which are arguably also
implicated in the development of comorbid ODD, include
both risk factors overlapping with those reported for
ADHD and risk factors specific for ODD. Overlapping risk
factors for ODD and ADHD encompass maternal smoking
during pregnancy, a family history of ADHD or ODD, and
higher levels of family conflict [6, 36, 39]. Specific risk
factors for ODD, compared with ADHD, include deviant
peer affiliation, harsh or inconsistent parenting, low levels of parental affection, and exposure to family violence
[6, 36, 43]. Studies into specific risk factors for comorbid
ODD in ADHD have mainly focused on transgenerational
influences, such as parental psychopathology and parenting
styles, and reported significant associations of those factors
with ODD, rather than with ADHD [for reviews see: 23,
37]. The relative paucity of studies that investigated other
environmental risk factors for the development of comorbid
ODD in individuals with ADHD is remarkable, given the
high prevalence of this comorbid condition.
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The aim of the current study was to investigate potential risk factors for the development of comorbid ODD in
individuals with ADHD (ADHD + ODD), and to identify
whether risk factors differed for individuals with ADHDonly and individuals with ADHD + ODD. To this end, we
assessed pre- and perinatal risk factors (pregnancy duration, birth weight, maternal smoking during pregnancy),
transgenerational influences (parental ADHD, for ADHDonly and ADHD + ODD parental warmth and parental
criticism as well), and postnatal risk factors (socioeconomic status [SES], adverse life events, deviant peer affiliations) in three groups: ADHD + ODD, ADHD-only, and
typically developing controls. All groups were matched for
age and gender, and the diagnostic groups were additionally matched for IQ and ADHD-subtype. We hypothesised
that for both ADHD + ODD and ADHD-only (compared
with controls), pre- and perinatal adversities and negative
transgenerational influences would be risk factors [6, 33].
In differentiating between ADHD + ODD and ADHDonly, we hypothesised that postnatal risk factors would be
more strongly related to ADHD + ODD [1, 23]. Finally,
we expected less parental warmth and more parental criticism to be predictive for ADHD + ODD group membership, compared with ADHD-only [23, 43].

Methods
Participants
Participants (N = 246) were equally divided over three
groups: (1) participants with ADHD + ODD (n = 82),
(2) participants with ADHD-only (n = 82), and (3) typically developing controls (n = 82). Groups were carefully
matched on age (≤1 year) and gender, and the diagnostic
groups were additionally matched on IQ [≤10 points, estimated using the Block Design and Vocabulary subtests of
the WISC (participants <17) or WAIS (participants 17 and
older)] and ADHD-subtype. Mean age of the participants
was 16 years (SD 3.1), and each group consisted of 55 boys
and 27 girls. See Table 1 for further group characteristics.
Participants were selected from the NeuroIMAGE
cohort [55], which included both ADHD families and control families. ADHD families consisted of participants in
the ADHD-only or ADHD + ODD group and their biological brothers or sisters, control families consisted of participants in the control group and their biological brothers or
sisters. For an overview of the collected data and associated
time points, see also the online supplement S1. Inclusion
criteria for the current study were: European Caucasian
descent, IQ ≥ 80, no diagnosis of conduct disorder, autism,
anxiety disorder, depression, epilepsy, general learning difficulties, neurological disorders or known genetic disorders
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Table 1  Group characteristics final sample
ADHD + ODD

ADHD-only

TD

(n = 45)

(n = 45)

(n = 42)

Group comparisons

Measure

M

SD

M

SD

M

SD

Age (years)
IQ
Gender (% Male)
ADHD-type (I/HI/C)
ADHD total symptomsa
Hyperactive symptomsa
Inattentive symptomsa
ODD symptomsb

16.7
97.2
64
15/3/27
14.2
6.2
8.0
5.4

2.7
11.7

2.6
12.4
–
3.0
2.3
1.6
0.9

16.3
98.9
64
–
0.5
0.2
0.3
0.0

3.1
8.3

–
2.8
2.2
1.1
1.2

16.8
97.6
64
15/3/27
13.9
6.3
7.6
0.4

–
1.0
0.6
0.7
0.0

CD symptomsb

1.0

1.4

0.2

0.5

0.0

0.0

ns
ns
ns
ns
ADHD, ADHD + ODD > TD***
ADHD, ADHD + ODD > TD***
ADHD, ADHD + ODD > TD***
ADHD + ODD > ADHD, TD***; ADHD > TD*
ADHD + ODD > TD***;
ADHD + ODD > ADHD**; ADHD > TD*

ADHD attention-deficit hyperactivity deficit, ODD oppositional defiant disorder, TD typically developing, I predominantly inattentive type, HI
predominantly hyperactive-impulsive type, C combined type, ns not significant
a

As measured using the combination of K-SADS-PL and Conners scales total, inattentive, hyperactive/impulsive

b

As measured using the K-SADS-PL

* p < .05, ** p < .01, *** p < .001

(e.g. Fragile X syndrome, Down syndrome). Individuals
in the ADHD + ODD group were only allowed to have an
ADHD diagnosis and comorbid ODD, whereas individuals in the ADHD-only group were only allowed to have
an ADHD diagnosis. Controls and their first- and seconddegree relatives were not allowed to have a past or current
DSM-IV diagnosis. A total of 1069 participants (751 children from ADHD families; 318 children from control families) contributed data to NeuroIMAGE, of which 82 participants were diagnosed with both ADHD and ODD and met
our inclusion criteria. Individuals with ADHD-only and
controls were matched to this group.
Diagnostic assessment
To determine ADHD and ODD diagnoses, participants
were assessed using a combination of the Schedule for
Affective Disorders and Schizophrenia for School-Age
Children-Present and Lifetime Version (K-SADS-PL) and
Conners ADHD questionnaires from multiple informants. For each individual the K-SADS interview was
completed by the parent(s), and for individuals aged 12
and older the K-SADS interview was also completed
by the participant. Furthermore, each individual was
assessed with a teacher-rating (Conners Teacher Rating
Scale-Revised:Long version [CTRS-R:L]; 20; applied
for participants <18 years) or a Self-Report questionnaire
(Conners Adult ADHD Rating Scales-Self-Report:Long
Version [CAARS-S:L]; 19; applied for participants
≥18 years). The CTRS-R:L assesses both ADHD and

ODD symptoms, while the CAARS-S:L assesses only
ADHD symptoms. This combination of assessments
ensured that for both ADHD and ODD multi-informant
assessments were available: for individuals <12 years
old, a parental K-SADS was combined with the CTRS,
for individuals aged 12–18, a parental and self-report
K-SADS were combined with the CTRS, and for individuals ≥18, a parental and self-report K-SADS were
combined with the CAARS. For participants using medication, ratings were done of functioning off medication.
For ADHD, a diagnostic algorithm was applied to combine symptom counts on the K-SADS and CTRS-R:L (for
participants <18 years) or CAARS-S:L (for participants
≥18), both providing operational definitions of ADHD
defined by the DSM-IV [3]. Participants with ADHD were
required to obtain a combined symptom count of ≥6 symptoms of hyperactive/impulsive behaviour and/or inattentive behaviour, provided they: (a) met the DSM-IV criteria
for pervasiveness and impact of the disorder (K-SADS),
(b) showed an age of onset before 12 (K-SADS), and (c)
received a T ≥ 63 on at least one of the DSM ADHD scales
(total, inattentive behaviour, hyperactive/impulsive behaviour) on either one of the Conners questionnaires [9]. Likewise, for ODD, a diagnostic algorithm was applied to combine symptom counts on the K-SADS and CTRS-R:L (for
participants <18 years), both providing operational definitions of ODD defined by the DSM-IV [3]. Participants with
ODD were required to obtain a combined symptom count
of ≥4 symptoms of oppositional behaviour, provided they:
(a) met the DSM-IV criteria for pervasiveness and impact
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of the disorder (K-SADS), and (b) received a T ≥ 63 on the
DSM Oppositional behaviour scale of the CTRS-R:L.

Risk factors
Pre‑ and perinatal factors
Pre- and perinatal risk factors were assessed using a parentreported questionnaire and included pregnancy duration
(weeks) and birth weight (grams). Furthermore, maternal
smoking during pregnancy was assessed per trimester and
dosage. In the control group, 10 mothers smoked during
pregnancy: 2 mothers smoked 11–15 cigarettes per day, 2
mothers smoked 6–10 cigarettes per day, 6 mothers smoked
1–5 cigarettes per day. In the ADHD-only group, 14 mothers smoked during pregnancy: 6 mothers smoked 6–10 cigarettes per day, 8 mothers smoked 1–5 cigarettes per day.
Finally, in the ADHD + ODD group, 9 mothers smoked
during pregnancy: 2 mothers smoked 11–15 cigarettes per
day, 2 mothers smoked 6–10 cigarettes per day, 5 mothers smoked 1–5 cigarettes per day. Given that the number of smoking mothers and the range in dosage was very
low together with our findings that our regression models
substantially improved when using a dichotomous (yes/
no) measure of smoking, rather than a trimester or dosagerelated measure, we decided to include the dichotomous
measure. Hence, maternal smoking during pregnancy was
scored as a ‘yes’ when the mother smoked during at least
one trimester.

Parental ADHD
Parents were assessed for ADHD, using a similar combination of a semi-structured interview (K-SADS) and an
Observer-Rated Symptom questionnaire (Conners) to the
one used for the participants. Parental ADHD was scored
present if one or both of the parents had a childhood or current diagnosis of ADHD, otherwise it was scored absent.

Adverse life events
Parents completed the Long-Term Difficulties questionnaire [developed by TRAILS: 40], which contained 13
items measuring adversities experienced during childhood
in multiple settings. These childhood adversities included
being bullied, having conflicts with relatives, or relatives
having ongoing conflicts among each other, and other persisting problems at home or school such as living in an
unsafe neighbourhood. The dependent variable was the
total number of adversities the participant had experienced.
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Socioeconomic status
Socioeconomic status (SES) was assessed using the highest successfully completed educational level of the parents
as reported on a Self-Report questionnaire (averaged over
both parents). Because in the Netherlands many different
trajectories can lead to higher education, it is possible that
individuals with a similar amount of educational years differ in their level of education (e.g. senior secondary vocational and pre-university both take 12 years to achieve)
[13]. Therefore, we chose, in line with specific studies
on this matter in the Dutch society, to recode the highest
successfully completed educational level into a measure
reflecting years of education, corrected for the level of education [13].
Deviant peer affiliation
Deviant peer affiliation was measured using the Friends
Inventory, in which participants were asked about the characteristics of their peers (18 items, e.g. ‘my friends break
the rules’) [56]. This questionnaire yielded a deviant peer
affiliation score (based on nine items) with higher scores
indicating less deviant peers. Good internal consistency
[.78–.92, see: 16, 31, 56], and inter-rater reliability [.71,
see: 31] have been reported.
Expressed emotions (parental warmth and criticism)
Expressed emotions (EE) was assessed during the diagnostic interview (PACS) of the IMAGE-study, which was
performed 6 years previous to the current study [49], using
the scoring derived from Camberwell Family Interview
[12]. Scores from both parents were averaged. Warmth was
assessed by the tone of voice, spontaneity, sympathy, and/
or empathy toward the child (range 0–3). Criticism was
assessed by statements which criticised or found fault with
the child based on tone of voice and critical phrases (range
0–4) [44, 49]. Inter-rater reliability has been found adequate
for warmth and criticism (range .78–91 and .79–.86, respectively; [46]). An average agreement percentage of 96.6%
(range 78.6–100) and a mean Kappa coefficient of .88
(range .71–1.00) have been reported [38]. Data were available for the diagnostic groups only.
Procedure
The current study was part of a comprehensive assessment
protocol encompassing phenotypic, neurocognitive, and
magnetic resonance imaging assessments [55]. Data on risk
factors were assessed for all groups, except for parental
warmth and parental criticism, which were only available
for the diagnostic groups. Informed consent was signed

Eur Child Adolesc Psychiatry (2017) 26:1155–1164

by all participants (for participants <12 years only parents
signed informed consent, for participants between 12 and
18 years both the participants and their parents signed, for
participants >18 years only the participants signed), and the
study was approved by the local ethics committees.
Statistical analyses
All dependent variables were normally distributed and
did not contain outliers (defined as a score of >3 SD from
the mean score). Groups were compared on demographic
and ADHD-related variables using analysis of variance
(ANOVA) or Chi-square tests. For pre- and perinatal risk
factors, data were available for 57–81% of the subjects. For
other risk factors, there were some missing data (20.7%
deviant peers, 6.1% parental warmth, 4.1% SES, 1.6%
adverse life events), which were mainly due to not assessed
questionnaires, logistic problems or incompletely filled
out questionnaire, and were randomly distributed over the
groups. The assessed analysis (LASSO; see below) does
not allow missing data on the predictors; therefore, cases
with missing values were omitted from the analysis. Since
LASSO can be applied even in models with the number of
predictors exceeding the number of participants, the smaller
sample size poses no problem in the current study where
the number of participants still substantially exceeds the
number of predictors. Final sample size was N = 86 participants for the analyses for controls versus ADHD-only and
for the analyses for controls versus ADHD + ODD, while
for ADHD-only versus ADHD + ODD the final sample
size was N = 90.
Due to the amount of missing data, we investigated
whether the resulting subsamples differed from the initial
matched samples. Results of these comparisons showed
that the subsamples were still matched for age, gender, IQ,
and ADHD-type (for diagnostic groups), and showed similar group comparison results in terms of ADHD symptom
and ODD symptom levels, as shown in Table 1.
For the predictive value analysis of the complete set of
risk factors, least absolute shrinkage and selection operator (LASSO) penalised logistic regression in R was used,
using the glmnet-package [51]. The LASSO approach
is a shrinkage and selection method for logistic regression with the advantage of automatically assigning a
penalized term to the predictors, and thereby selecting
a model with the best fitting set of predictors [51, 52].
That is, LASSO selects an optimal set of predictors that
is a trade-off between the number of predictors and the
amount of explained variance. The outcome measure was
group membership, being either control group, ADHDonly group, or ADHD + ODD group. Selection of the
strength of the penalty term was performed through
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cross-validation (20-fold). For this model, the percentage
of explained deviance was calculated, which compares to
the explained variance (i.e. the deviance is the increase
in explained variance over the explained variance of the
null (intercept-only) model) [51]. Post hoc, an estimation
of the explained deviance for each selected predictor was
calculated by selectively leaving out one predictor and
re-running the analysis. Since the explained deviance of
the model is based on the total set of predictors, the estimations for the single predictors deviate from the total
explained deviance due to combined effects of predictors
and the estimation routine. Therefore, we also report the
beta coefficients for the single predictors. In addition,
interactions between each of the predictors in the model
and both age and age2 were investigated. Finally, to control for the possible impact of family relations, due to
the inclusion of siblings, we performed sensitivity analysis excluding the siblings (20 controls, 2 ADHD-only, 2
ADHD + ODD).
The analyses comprised three models to identify the
risk factors for comorbid ODD in ADHD. First, two
separate models were assessed to investigate risk factors for ADHD-only compared with controls (model
1) and risk factors for ADHD + ODD compared with
controls (model 2). Subsequently, the model for the
ADHD + ODD group versus the ADHD-only group
(model 3) was assessed. Significance of a risk factor
was assumed if the LASSO model included that factor.
Finally, for each of the three models, the sensitivity (percentage correctly identified cases) and specificity (percentage correctly identified non-cases) were calculated.

Results
As shown in Table 1, the diagnostic groups did not differ in number of ADHD total, hyperactive/impulsive or
inattentive symptoms, measured using the combination of
the K-SADS and Conners questionnaires. There were no
group differences in IQ between any of the groups. As a
result of our matching procedure, groups did not differ on
age and gender, and the diagnostic groups did not differ
on ADHD-subtype. Table 2 shows the predictor characteristics for the three groups.
Results for all three models are shown in Table 3, with
the total explained deviance per model, and estimation of
the explained deviance and beta coefficient per predictor. There were no significant interactions between any of
the predictors and age, age2 or age3 (p > .105), indicating
that the effects of the predictors on diagnostic status were
independent of the age of the participants.
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Table 2  Predictor
characteristics per group

Measure

ADHD + ODD

ADHD-only

TD

M

SD

M

SD

M

SD

Parental ADHD (%)
Adverse life events
Birth weight (gram)
Pregnancy duration (weeks)
Maternal smoking during pregnancy (%)
SES (corrected years of education)
Deviant peer affiliation
Parental warmth

55.3
2.8
3427.4
39.3
21.6
11.0
27.4
1.7

–
2.7
642.5
2.4
–
1.7
5.0
0.9

68.2
1.8
3588.4
39.4
27.9
11.7
29.8
1.4

–
1.7
510.9
2.0
–
2.1
5.6
0.8

0
0.6
3360.7
39.3
19.0
12.9
31.4
–

–
0.8
698.3
2.2
–
2.6
3.5
–

Parental criticism

1.9

0.9

1.7

0.9

–

–

ADHD attention-deficit hyperactivity deficit, ODD oppositional defiant disorder, TD typically developing,
SES socioeconomic status
Table 3  Explained deviance and beta coefficients
TDC versus ADHD-only
Explained deviance
(%)
Total model
Parental ADHD
Adverse life events
Birth weight
Pregnancy duration

58.4
27.2
6.0
ns
ns
1.3

TDC versus ADHD + ODD

Beta coefficient Explained deviance
(%)

ADHD-only versus ADHD + ODD

Beta coefficient Explained deviance
(%)
15.3
2.4
3.0

Beta coefficient

3.91
0.50
0.00

62.5
21.9
13.9
2.0

3.34
0.57
0.00

ns

0.00

ns

0.00

ns

0.00

0.00

ns

0.00

ns

0.00

−0.42
0.12
0.00

Maternal smoking
during pregnancy
Socioeconomic status ns
Deviant peer affilins
ation
Parental warmth
–

–

–

–

ns

0.00

Parental criticism

–

–

–

6.4

0.34

–

0.00

1.5

0.00

3.8

−0.16

−0.15

5.6
4.8

−0.18

−0.05

Percentage per predictor is an estimation, hence the separate percentages do not add up to total model. Parental warmth and parental criticism
scores were only available for diagnostic groups and, therefore, not included in models assessing predictors against controls
ADHD attention-deficit/hyperactivity disorder, ODD oppositional defiant disorder, TDC typically developing controls, ns not significant

Risk factors for ADHD: ADHD‑only versus typically
developing controls

Risk factors for ADHD + ODD: ADHD + ODD
versus typically developing controls

Predictors that were initially inserted in the model were
pregnancy duration, birth weight, maternal smoking during pregnancy, parental ADHD, adverse life events, SES,
and deviant peer affiliation. Correlations between predictors were below r = .42. After LASSO selection, the
model showed a total explained deviance of 55.2% (see
Table 3) and showed that parental ADHD (27.2%), higher
levels of adverse life events (6.0%), and maternal smoking
during pregnancy (1.3%) were associated with a heightened risk for ADHD-only compared with controls. The
model showed a sensitivity of 98% and specificity of 80%.

Predictors initially inserted in the model were identical
to those inserted in the model for ADHD-only versus
controls. Correlations between predictors were below
r = .42. After LASSO selection, the total explained
deviance was 62.5% (see Table 3) and parental ADHD
(21.9%), more adverse life events (13.9%), more deviant peer affiliations (3.8%), higher birth weight (2.0%),
and lower SES (1.5%) were associated with a heightened risk for ADHD + ODD compared with controls.
The model showed a sensitivity of 95% and specificity
of 87%.
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Risk factors for comorbid ODD: ADHD‑only
versus ADHD + ODD
In addition to the predictors inserted in the previous models, this model also included parental warmth and parental criticism. Correlations between predictors were below
r = .43. After LASSO selection, the model showed a total
explained deviance of 15.3% (see Table 3) and higher levels of parental criticism (6.4%), lower SES (5.6%), deviant peer affiliation (4.8%), more adverse life events (3.0%),
and parental ADHD (2.4%) were associated with a heightened risk for comorbid ODD in individuals with ADHD.
The model showed a sensitivity of 90% and specificity of
57% for predicting the presence of comorbid ODD.
Family‑corrected results
For analyses of risk factors for ADHD-only and for
ADHD + ODD versus controls, 22 siblings were excluded,
whereas for the analysis of risk factors for comorbid ODD,
4 siblings were excluded. For the first two models, the total
explained deviance of the model was reduced somewhat
(to 51.9 and 57.5%, respectively), while for the comorbid
ODD model the explained deviance increased slightly (to
17.6%). All models included the same predictors with the
same direction of associations.

Discussion
The aim of the current study was to investigate risk factors for the development of comorbid ODD along with
ADHD. Therefore, we assessed pre- and perinatal factors, transgenerational influences and postnatal factors. We
hypothesised that pre- and perinatal adversities and negative transgenerational influences would act as risk factors
for both ADHD and ADHD + ODD, and postnatal adversities to act primarily as risk factors for ADHD + ODD
compared with ADHD-only [1, 6, 23, 33]. Additionally, in
differentiating between ADHD-only and ADHD + ODD,
we hypothesised that postnatal adversities and negative transgenerational influences would be more strongly
related to ADHD + ODD than to ADHD-only [43]. Our
models identified several risk factors for ADHD + ODD
and for ADHD-only, compared with controls, with high
levels of explained deviance of 55.2 and 62.5%, respectively. Our model for risk factors differentiating between
ADHD + ODD and ADHD-only showed an explained
deviance of almost 15.3%. All three models showed good
sensitivity (90–98%), and the models for the control group
versus both the ADHD + ODD and the ADHD-only groups
also showed good specificity (80–87%). We found no interaction between age and any of the risk factors, indicating
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that predictors are equally important during all stages of
development in our sample, and independent of age of the
participants (age 7–24 years).
Our first hypothesis that negative transgenerational
influences and pre- and perinatal adversities would act as
risk factors for the diagnostic groups was supported by
our findings, since we found that parental ADHD acted as
a relatively major risk factor within our models, showing
the highest explained deviance for both diagnostic groups
relative to the control group. This is in line with the many
studies showing significant heritability rates for ADHD
[10, 22], and large effects of environmental influences associated with parental ADHD on the development of ADHD
in the child [8]. In terms of pre- and perinatal adversities,
maternal smoking during pregnancy acted as a relatively
minor risk factor within our model for ADHD-only, while
higher (not lower) birth weight acted as a relatively minor
risk factor for ADHD + ODD, relative to controls. This
supports the notion that there may be an optimum birth
weight in terms of the development of behavioural problems such as ADHD, as previously suggested in other studies [17, 25, 54]. We were not able to replicate previously
reported findings of lower birth weight or pregnancy duration as risk factors for ADHD [50], which may be due to
the small number of individuals with a low birth weight or
premature birth in our sample (8 and 12, respectively). To
conclude, our findings show parental ADHD as a significant risk factor and suggest that the relationship between
birth weight and pregnancy duration and the development
of ADHD might only hold true for values below a certain
threshold.
We also found support for our second hypothesis of postnatal adversities acting as risk factors for ADHD + ODD
rather than for ADHD-only. For both ADHD-only and
ADHD + ODD, adverse life events, which included parental divorce and family conflicts, acted as a risk factor.
However, adverse life events acted as a stronger risk factor for ADHD + ODD than for ADHD-only, as stressed by
its differentiating ability between the ADHD + ODD and
ADHD-only groups. The mechanism by which adverse
life events may affect ODD is still unclear, and may vary
between types of event; potential explanations include (a)
negative effects on maturation of cerebral brain structures
in the child due to stress, (b) teaching individuals to use
antisocial strategies to cope with stressful situations, and
(c) causing an overactive sympathetic nervous system [7,
29]. All these factors have been implicated in the development of ODD and receive extensive support, suggesting a combination of these risk factors to operate in ODD
[7, 29]. While no other risk factors were observed for the
development of ADHD-only, more deviant peer affiliations and lower SES did act as additional risk factors for
ADHD + ODD, compared with controls. This is consistent
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with previous studies showing that more deviant peer affiliations reinforce an individual’s own antisocial behaviours
[18, 30, 48]. SES acted as a relatively minor risk factor within our model (1.5–5.6%), presumably exerting its
effect through poor parenting and deviant socialisation
processes that are associated with lower parental SES [42].
The relatively weak effect of SES may be due to its relationship to parental ADHD, which was also included in the
model (e.g. lower parental mental health has been associated with lower SES) [45]. Since both deviant peer affiliations and SES differentiated between ADHD + ODD and
ADHD-only, these risk factors seem especially important
for the development of comorbid ODD.
Our third hypothesis, that transgenerational influences in
addition to the postnatal factors would differentiate between
ADHD + ODD and ADHD-only, was largely supported by
our results. Parental criticism acted as a relatively strong
risk factor for ADHD + ODD compared with ADHD-only,
within our model. This is in line with previous studies and
is presumably due to its negative influence on the child’s
socialisation process [8, 23, 37]. In addition, it has been
reported that child difficulty not only increases the likelihood of maternal negative parenting, but also that maternal negative parenting heightens the child’s behavioural
maladjustment that may take the form of ODD behaviours
[11]. This is in line with the coercion theory that describes
a process of mutual reinforcement between the parent and
child in the development of conduct problems. According
to this model the parent inadvertently reinforces the child’s
difficult behaviour by reacting negatively to that behaviour
and therewith escalating the situation [47]. Hence, negative
parental attitudes are risk factors not only for ADHD [23],
but especially for comorbid ODD. Furthermore, when parents express low levels of support, the negative influences
of deviant peers on the development of oppositional behaviour increase [26, 53]. Against our hypothesis and contradicting previous studies, parental ADHD acted as a minor
protective factor for the development of comorbid ODD in
ADHD [23]. A possible explanation may be that children
with comorbid ODD are more difficult to handle, thereby
increasing the likelihood of parents to seek professional
help. However, this remains speculative and requires further investigation.
Even though our study has some important strengths,
there are some limitations too. First, we assessed pregnancy
duration, birth weight and maternal smoking during pregnancy using a retrospective parent questionnaire. Especially for maternal smoking during pregnancy, the selfreport nature of our assessment may have confounded our
data, due to socially acceptable answering [24]. However,
we did only investigate whether or not the mother smoked,
excluding dosage effects and thereby limiting the influence
of socially acceptable answering (such as reporting lower
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dosages). Moreover, there was a relatively large amount of
missing data for pre- and perinatal information. Second,
even though we assessed parental ADHD and parental psychopathology, we did not specifically assess paternal antisocial personality disorder or maternal stress, which both
have been found to be related to the development of antisocial behaviour disorders [33]. Further, we did not assess
parenting styles, which would have allowed us to investigate further the alleged link between parental ADHD and
deviant parenting styles. In addition, parental criticism and
warmth were only assessed in the diagnostic group, limiting our findings to the diagnostic groups comparison, and
thus to predictors for comorbid ODD versus ADHD-only.
Third, even though we assessed robust prediction models, our findings are based on a combination of longitudinal (parental warmth and criticism), retrospective (birth
weight, pregnancy duration, maternal smoking during pregnancy, adverse life events, parental ADHD, parental SES),
and cross-sectional (deviant peer affiliations) data. However, the retrospective predictors were independent of the
measurement period, and only deviant peer affiliation data
were assessed cross-sectional. For the latter variable, our
final model may have been different if it had been measured
at baseline. However, although it has been suggested that
the influence of deviant peer affiliations would change over
development, the level of deviant peer affiliations appears
to be stable over development [28]. Fourth, especially for
the control group, a relatively large proportion of siblings
was included. Nevertheless, our findings did not change in
terms of the predictors involved or the direction of associations when excluding these siblings, indicating that the
findings are robust. Finally, since we applied strict inclusion criteria, such as excluding individuals with a comorbid conduct disorder diagnosis, our sample may represent a
subsample of, rather than all, individuals with ADHD-only
and ADHD + ODD. In addition, we focused on comorbid
ADHD + ODD and were not able to include an ODD-only
group. Therefore, the findings may not be generalizable to
all individuals with ADHD or individuals with only ODD.
Overall, our study showed that postnatal risk factors (adverse life events) and transgenerational influences
(parental ADHD) are important risk factors for the development of ADHD + ODD and ADHD-only. The development
of comorbid ODD in individuals with ADHD was predicted
by both postnatal adversities (SES, deviant peer affiliation) and negative transgenerational influences (parental
criticism). These risk factors were significant for all ages.
Our findings are in line with theories stating that environmental factors play an important role in the development
of comorbidities such as ODD in individuals with ADHD
[5, 23, 50]. This highlights the need to take these risk factors into account when treating children with ADHD, since
these factors may prove to be essential in the prevention
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of comorbid ODD. The development of comorbid ODD in
ADHD is of concern given the lower functional outcome
of this comorbid group relative to either disorder separately [4, 35]. For example, (comorbid) ODD is reported as
an important predictor for later life conduct disorder [15].
Our findings seem to support the use of intervention programs comprising parent- and parent–child training in the
prevention of comorbid ODD [34], although we did not
assess these trainings or their effects ourselves. In addition,
monitoring peer affiliations of individuals with ADHD may
prove useful in averting the transition from ADHD-only to
the more severe ADHD + ODD [8, 23, 37].
Acknowledgements This work was supported by NIH Grant
R01MH62873 (National Institutes of Health), NWO Large Investment Grant 1750102007010 (Nederlandse Organisatie voor Wetenschappelijk Onderzoek), NWO Brain & Cognition Grant (056-24011) (Nederlandse Organisatie voor Wetenschappelijk Onderzoek),
the European Union 7th Framework programs AGGRESSOTYPE
(602805), MATRICS (603016), and from grants from Radboud
University Medical Center, University Medical Center Groningen,
Accare, and Vrije Universiteit Amsterdam.
Compliance with ethical standards
Conflict of interest Jan K. Buitelaar has been a consultant to/member
of advisory board of and/or speaker for Janssen Cilag BV, Eli Lilly,
Lundbeck, Medice, Shire, Roche, and Servier in the past 3 years. He is
neither an employee nor a stock shareholder of any of these companies,
and has no other financial or material support, including expert testimony, patents, or royalties. Barbara Franke received an educational
speaking fee from Merz. Pieter J. Hoekstra has been a consultant to/
member of advisory board for Shire in the past 3 years. Siri D.S. Noordermeer, Marjolein Luman, Wouter D. Weeda, Jennifer S. Richards,
Catharina A. Hartman, Dirk J. Heslenfeld and Jaap Oosterlaan report
no financial interests or potential conflicts of interest.

1163

2.
3.
4.
5.

6.

7.
8.
9.
10.
11.

12.
13.
14.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.
Informed consent Informed consent was obtained from all individual
participants included in the study.
Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References
1. Aebi M, van Donkelaar MM, Poelmans G, Buitelaar JK,
Sonuga-Barke EJ, Stringaris A, Consortium I, Faraone SV,
Franke B, Steinhausen HC, van Hulzen KJ (2015) Geneset and multivariate genome-wide association analysis of

15.
16.

17.

18.

19.
20.

oppositional defiant behavior subtypes in attention-deficit/
hyperactivity disorder. Am J Med Genet B Neuropsychiatr
Genet 171(5):573–588
American Psychiatric Association (2013) Diagnostic and statistical manual of mental disorders: DSM-5. American Psychiatric
Publishing, Inc, Arlington County
American Psychiatric Association (2000) Diagnostic and statistical manual of mental disorders: DSM-IV-TR. American
Psychiatric Publishing, Inc, Arlington County
Anderson NE, Kiehl KA (2012) The psychopath magnetized:
insights from brain imaging. Trends Cogn Sci 16:52–60
Banerjee J, Bhojani S, Emcy N (2011) Co-existence of ADHD,
autoimmune hypothyroidism and pituitary macroadenoma presenting in a behaviour clinic: a case report and brief review of
the literature. J Pediatr Endocrinol Metab 24:229–231
Boden JM, Fergusson DM, Horwood LJ (2010) Risk factors
for conduct disorder and oppositional/defiant disorder: evidence from a New Zealand birth cohort. J Am Acad Child
Adolesc Psychiatry 49:1125–1133
Borja K, Ostrosky F (2013) Early traumatic events in psychopaths. J Forensic Sci 58:927–931
Bornovalova MA, Hicks BM, Iacono WG, McGue M (2010)
Familial transmission and heritability of childhood disruptive
disorders. Am J Psychiatry 167:1066–1074
Brasil HHA, Bordin IA (2010) Convergent validity of
K-SADS-PL by comparison with CBCL in a Portuguese
speaking outpatient population. BMC Psychiatry 10:83
Brikell I, Kuja-Halkola R, Larsson H (2015) Heritability of
attention-deficit hyperactivity disorder in adults. Am J Med
Genet B Neuropsychiatr Genet 168(6):406–413
Brock RL, Kochanska G (2015) Decline in the quality of family relationships predicts escalation in children’s internalizing
symptoms from middle to late childhood. J Abnorm Child Psychol 43:1295–1308
Brown GW, Rutter M (1966) The measurement of family
activities and relationships: a methodological study. Hum Relat
19:241–263
Buis ML (2010) Inequality of educational outcome and inequality of educational opportunity in the Netherlands during the 20th
century (Ph.D. Dissertation). V Amsterdam, the Netherlands
Burke JD, Loeber R, Birmaher B (2002) Oppositional defiant
disorder and conduct disorder: a review of the past 10 years,
part II. J Am Acad Child Adolesc Psychiatry 41:1275–1293
Burke JD, Rowe R, Boylan K (2014) Functional outcomes of
child and adolescent oppositional defiant disorder symptoms in
young adult men. J Child Psychol Psychiatry 55:264–272
Burt SA, McGue M, Iacono WG (2009) Nonshared environmental mediation of the association between deviant peer affiliation and adolescent externalizing behaviors over time: results
from a cross-lagged monozygotic twin differences design. Dev
Psychol 45:1752–1760
Buschgens CJ, Swinkels SH, van Aken MA, Ormel J, Verhulst FC,
Buitelaar JK (2009) Externalizing behaviors in preadolescents:
familial risk to externalizing behaviors, prenatal and perinatal risks,
and their interactions. Eur Child Adolesc Psychiatry 18:65–74
Carlo G, Mestre MV, McGinley MM, Tur-Porcar A, Samper
P, Opal D (2014) The protective role of prosocial behaviors
on antisocial behaviors: the mediating effects of deviant peer
affiliation. J Adolesc 37:359–366
Conners CK, Erhardt D, Sparrowd EP (1999) Conner’s Adult
ADHD Rating Scales (CAARS). In: Multi-health systems.
North Tonawanda, NY
Conners CK, Sitarenios G, Parker JD, Epstein JN (1998) The
revised Conners’ Parent Rating Scale (CPRS-R): factor structure, reliability, and criterion validity. J Abnorm Child Psychol
26:257–268

13

1164
21. Connor DF, Doerfler LA (2008) ADHD with comorbid oppositional defiant disorder or conduct disorder: discrete or nondistinct disruptive behavior disorders? J Atten Disord 12:126–134
22. Cortese S (2012) The neurobiology and genetics of attention-deficit/hyperactivity disorder (ADHD): what every clinician should
know. Eur J Paediatr Neurol 16:422–433
23. Deault LC (2010) A systematic review of parenting in relation
to the development of comorbidities and functional impairments
in children with attention-deficit/hyperactivity disorder (ADHD).
Child Psychiatry Hum Dev 41:168–192
24. Dietz PM, Homa D, England LJ, Burley K, Tong VT, Dube SR,
Bernert JT (2011) Estimates of nondisclosure of cigarette smoking among pregnant and nonpregnant women of reproductive age
in the United States. Am J Epidemiol 173:355–359
25. El Marroun H, Zeegers M, Steegers EA, van der Ende J, Schenk
JJ, Hofman A, Jaddoe VW, Verhulst FC, Tiemeier H (2012) Postterm birth and the risk of behavioural and emotional problems in
early childhood. Int J Epidemiol 41:773–781
26. Espinoza G, Gillen-O’Neel C, Gonzales NA, Fuligni AJ (2014)
Friend affiliations and school adjustment among Mexican-American adolescents: the moderating role of peer and parent support.
J Youth Adolesc 43:1969–1981
27. Faraone SV, Asherson P, Banaschewski T, Biederman J, Buitelaar JK, Ramos-Quiroga JA, Rohde LA, Sonuga-Barke EJS, Tannock R, Franke B (2015) Attention-deficit/hyperactivity disorder.
Nat Rev Disease Primers 1: 15020
28. Fergusson DM, Swain-Campbell NR, Horwood LJ (2002) Deviant peer affiliations, crime and substance use: a fixed effects
regression analysis. J Abnorm Child Psychol 30:419–430
29. Haller J, Harold G, Sandi C, Neumann ID (2014) Effects of
adverse early-life events on aggression and anti-social behaviours in animals and humans. J Neuroendocrinol 26:724–738
30. Heinze HJ, Toro PA, Urberg KA (2004) Antisocial behavior and affiliation with deviant peers. J Clin Child Adolesc Psychol 33:336–346
31. Hicks BM, South SC, Dirago AC, Iacono WG, McGue M (2009)
Environmental adversity and increasing genetic risk for externalizing disorders. Arch Gen Psychiatry 66:640–648
32. Kimonis ER, Frick PJ (2010) Oppositional defiant disorder and
conduct disorder grown-up. J Dev Behav Pediatr 31:244–254
33. Latimer K, Wilson P, Kemp J, Thompson L, Sim F, Gillberg C,
Puckering C, Minnis H (2012) Disruptive behaviour disorders:
a systematic review of environmental antenatal and early years
risk factors. Child Care Health Dev 38:611–628
34. Loeber R, Burke J, Pardini DA (2009) Perspectives on oppositional defiant disorder, conduct disorder, and psychopathic features. J Child Psychol Psychiatry 50(1–2):133–142
35. Loeber R, Burke JD, Lahey BB, Winters A, Zera M (2000) Oppositional defiant and conduct disorder: a review of the past 10 years,
part I. J Am Acad Child Adolesc Psychiatry 39:1468–1484
36. Loeber R, Slot NW, Van der Laan P, Hoeve M (2008) Tomorrow’s criminals. Ashgate Publishing Limited, Farnham
37. Modesto-Lowe V, Danforth JS, Brooks D (2008) ADHD: does
parenting style matter? Clin Pediatr (Phila) 47:865–872
38. Muller UC, Asherson P, Banaschewski T, Buitelaar JK, Ebstein
RP, Eisenberg J, Gill M, Manor I, Miranda A, Oades RD, Roeyers H, Rothenberger A, Sergeant JA, Sonuga-Barke EJ, Thompson M, Faraone SV, Steinhausen HC (2011) The impact of
study design and diagnostic approach in a large multi-centre
ADHD study. Part 1: ADHD symptom patterns. BMC Psychiatry 11:54
39. Nigg JT, Breslau N (2007) Prenatal smoking exposure, low birth
weight, and disruptive behavior disorders. J Am Acad Child
Adolesc Psychiatry 46:362–369
40. Oldehinkel AJ, Verhulst FC, Ormel J (2008) Low heart rate: a
marker of stress resilience. The TRAILS study. Biol Psychiatry
63:1141–1146

13

Eur Child Adolesc Psychiatry (2017) 26:1155–1164
41. Pettersson E, Sjolander A, Almqvist C, Anckarsater H, D’Onofrio
BM, Lichtenstein P, Larsson H (2015) Birth weight as an independent predictor of ADHD symptoms: a within-twin pair analysis.
J Child Psychol Psychiatry 56:453–459
42. Piotrowska PJ, Stride CB, Croft SE, Rowe R (2015) Socioeconomic status and antisocial behaviour among children and adolescents: a systematic review and meta-analysis. Clin Psychol Rev
35:47–55
43. Richards JS, Hartman CA, Franke B, Hoekstra PJ, Heslenfeld
DJ, Oosterlaan J, Arias Vasquez A, Buitelaar JK (2015) Differential susceptibility to maternal expressed emotion in children
with ADHD and their siblings? Investigating plasticity genes,
prosocial and antisocial behaviour. Eur Child Adolesc Psychiatry
24:209–217
44. Richards JS, Vasquez AA, Rommelse NN, Oosterlaan J, Hoekstra
PJ, Franke B, Hartman CA, Buitelaar JK (2014) A follow-up study
of maternal expressed emotion toward children with attentiondeficit/hyperactivity disorder (ADHD): relation with severity and
persistence of ADHD and comorbidity. J Am Acad Child Adolesc
Psychiatry 53(311–319):e311
45. Russell AE, Ford T, Williams R, Russell G (2015) The association
between socioeconomic disadvantage and Attention Deficit/Hyperactivity Disorder (ADHD): a systematic review. Child Psychiatry
Hum Dev 47(3):440–458
46. Schachar R, Taylor E, Wieselberg M, Thorley G, Rutter M (1987)
Changes in family function and relationships in children who respond
to methylphenidate. J Am Acad Child Adolesc Psychiatry 26:728–732
47. Smith JD, Dishion TJ, Shaw DS, Wilson MN, Winter CC, Patterson
GR (2014) Coercive family process and early-onset conduct problems from age 2 to school entry. Dev Psychopathol 26:917–932
48. Snyder J, McEachern A, Schrepferman L, Just C, Jenkins M, Roberts S, Lofgreen A (2010) Contribution of peer deviancy training to
the early development of conduct problems: mediators and moderators. Behav Ther 41:317–328
49. Sonuga-Barke EJ, Oades RD, Psychogiou L, Chen W, Franke B,
Buitelaar J, Banaschewski T, Ebstein RP, Gil M, Anney R, Miranda A,
Roeyers H, Rothenberger A, Sergeant J, Steinhausen HC, Thompson
M, Asherson P, Faraone SV (2009) Dopamine and serotonin transporter genotypes moderate sensitivity to maternal expressed emotion:
the case of conduct and emotional problems in attention deficit/hyperactivity disorder. J Child Psychol Psychiatry 50:1052–1063
50. Thapar A, Cooper M, Eyre O, Langley K (2013) What have we
learnt about the causes of ADHD? J Child Psychol Psychiatry
54:3–16
51. Tibshirani R (1996) Regression shrinkage and selection via the
Lasso. J R Stat Soc Series B 58:267–288
52. Tibshirani R, Bien J, Friedman J, Hastie T, Simon N, Taylor J, Tibshirani RJ (2012) Strong rules for discarding predictors in lassotype problems. J R Stat Soc Series B Stat Methodol 74:245–266
53. Tung I, Lee SS (2014) Negative parenting behavior and childhood
oppositional defiant disorder: differential moderation by positive
and negative peer regard. Aggress Behav 40:79–90
54. van Mil NH, Steegers-Theunissen RP, Motazedi E, Jansen PW,
Jaddoe VW, Steegers EA, Verhulst FC, Tiemeier H (2015) Low and
high birth weight and the risk of child attention problems. J Pediatr
166(862–869):e861–e863
55. von Rhein D, Mennes M, van Ewijk H, Groenman AP, Zwiers MP,
Oosterlaan J, Heslenfeld D, Franke B, Hoekstra PJ, Faraone SV,
Hartman C, Buitelaar J (2015) The NeuroIMAGE study: a prospective phenotypic, cognitive, genetic and MRI study in children
with attention-deficit/hyperactivity disorder. Design and descriptives. Eur Child Adolesc Psychiatry 24:265–281
56. Walden B, McGue M, Lacono WG, Burt SA, Elkins I (2004)
Identifying shared environmental contributions to early substance
use: the respective roles of peers and parents. J Abnorm Psychol
113:440–450

