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Background

Several longitudinal studies have cast doubt on the aetiological
overlap between child and adult attention-deficit hyperactivity
disorder (ADHD). However, a lack of genetically sensitive data
following children across adulthood precludes direct evaluation
of aetiological overlap between child and adult ADHD.

Aims

We circumvent the existing gap in longitudinal data by exploring
genetic overlap between maternal (adult) and offspring (child)
ADHD and comorbid symptoms in an extended family cohort.

Method

Data were drawn from the Norwegian Mother, Father and Child
Cohort Study, a Norwegian birth registry cohort of 114 500 chil-
dren and their parents. Medical Birth Registry of Norway data
were used to link extended families. Mothers self-reported their
own ADHD symptoms when children were aged 3 years;,
reported children’s ADHD symptoms at age 5 years; and chil-
dren’s ADHD, oppositional defiant disorder (ODD), conduct dis-
order, anxiety and depression symptoms at age 8 years. Genetic
correlations were derived from Multiple-Children-of-Twins-and-
Siblings and extended bivariate twin models.

Results

Phenotypic correlations between adult ADHD symptoms and
child ADHD, ODD, conduct disorder, anxiety and depression
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symptoms at age 8 years were underpinned by medium-to-large
genetic correlations (child ADHD: rg =0.55, 95% Cl 0.43-0.93;
ODD: r5=0.80,95% Cl0.46-1; conduct disorder: rg = 0.44,95% Cl
0.28-1; anxiety: rs =0.72, 95% Cl 0.48-1; depression: rs =1, 95%
Cl 0.66-1). These cross-generational adult—child genetic corre-
lations were of a comparable magnitude to equivalent child—
child genetic correlations with ADHD symptoms at age 5 years.

Conclusions

Our findings provide genetically sensitive evidence that ADHD
symptoms in adulthood share a common genetic architecture
with symptoms of ADHD and four comorbid disorders at age 8
years. These findings suggest that in the majority of cases, ADHD
symptoms in adulthood are not aetiologically distinct from in
childhood.
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Attention-deficit hyperactivity disorder (ADHD) is a highly her-
itable neurodevelopmental disorder featuring impairing core
symptoms of hyperactivity, impulsivity and inattention. The
past decade has seen a shift toward widespread recognition that
ADHD can affect adults as well as children, and a general consen-
sus that most cases of childhood ADHD persist into at least young
adulthood.! Although most children with ADHD experience a
reduction in their hyperactivity and impulsivity symptoms over
time, inattention symptoms tend to remain relatively stable,”
and in a small but substantial portion of cases, one or more of
these core symptoms have been shown to worsen over time.’
Despite these age-related differences, longitudinal twin studies
have shown that ADHD symptoms in childhood, adolescence
and early adulthood rely on partially overlapping genetic influ-
ences.*> However, studies of several longitudinal cohorts have
reported that a majority of participants who met the diagnostic
criteria for ADHD in adulthood did not meet the criteria in child-
hood, and vice versa.®”® These findings represented a challenge to
the notion of ADHD as an aetiologically consistent condition
across the lifespan, renewing longstanding doubts as to whether
putative cases of ADHD in adults should be as readily diagnosed
and treated as undiagnosed or later-onset presentations of the
neurodevelopmental disorder that has long been studied and
treated in children.’
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Since the initial studies suggesting the distinctiveness of child-
hood and adult ADHD first surfaced, various studies have sought
to shed light on the topic.'®'" However, the evidence base on life-
span trajectories of ADHD remains quite limited. A recent review
of longitudinal research by Asherson and Agnew-Blais'* found evi-
dence for a late-onset group who met the diagnostic criteria for
ADHD by early adulthood despite not having met the criteria in
childhood." In many of these cases, symptoms occurred exclusively
in the context of other disorders, broadly supporting suggestions
that adult-onset ADHD symptoms could be better explained by
other disorders or environmental factors, including substance use
disorders."> However, refuting the notion of overall aetiological dis-
tinction, Asherson and Agnew-Blais'> noted that many late-onset
cases displayed subthreshold symptoms of ADHD as children, or
met the criteria for common comorbid disorders, particularly
oppositional defiant disorder (ODD). They also suggested that
most late-onset cases could more accurately be classified as ‘adoles-
cent-onset’, with symptoms first emerging at ages 12-16 years.
Among their conclusions, they posited that there may be variation
in age at onset for ADHD similar to that seen in other neurodeve-
lopmental disorders, such as schizophrenia. This would suggest that
most putative cases of ADHD in adults actually represent continua-
tions (or otherwise later-onset presentations) of the neurodevelop-
mental disorder of ADHD seen in childhood.
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Addressing a gap in longitudinal data on ADHD
symptoms across adulthood

Asherson and Agnew-Blais'> highlighted several important gaps in
extant research, which preclude clear conclusions as to the overall
continuity of ADHD symptoms from childhood to adulthood.
Key among them was that most longitudinal childhood cohorts
extend only to late adolescence or young adulthood, with a
marked lack of data extending further into adulthood. Therefore,
although it has been shown that most children with ADHD will
still meet the diagnostic criteria by early adulthood, it remains
unclear whether they will continue to do so across adulthood.
Furthermore, the lack of genetically informative cohort data span-
ning this longer period prevents the direct assessment of aetiological
overlap between ADHD symptoms in childhood and across adult-
hood. This gap in data is a key obstacle to drawing clear conclusions
about whether ADHD in adulthood represents the same aetiological
entity as childhood ADHD.

Recent genomic research has attempted to bridge this gap, pro-
viding some evidence for genetic overlap between ADHD in child-
hood and adulthood. Rovira et al'* reported a high correlation (rg =
0.81) between polygenic scores for ADHD ascertained in children
(mean age 10.14 years, s.d. 3.24) and adults (mean age 33.46
years, s.d. 9.76). They also found significant correlations between
child and adult ADHD polygenic scores and related phenotypes,
including smoking, early pregnancy, academic performance and
intelligence. An important caveat is that genomic findings continue
to suffer from the missing heritability problem, explaining only a
small portion of ADHD’s total heritability compared with quantita-
tive genetic estimates. For example, the genome-wide association
study meta-analysis used by Rovira et al'* explained 17-19% of vari-
ance in ADHD symptoms in their child-only and combined child
and adult samples, compared with estimates of 70-75% found in
twin studies."> Therefore, further research using methods capable
of capturing all genetic variance in ADHD is also needed.

Very few studies currently exist that can directly address the
above questions by following people from childhood to adulthood.
One way to circumvent this problem is to use intergenerational
family data to estimate genetic covariance between adult and child
ADHD across generations. In the present article, we use this
novel extended family approach to investigate the aetiological
overlap between ADHD in childhood and adulthood, by assessing
the extent to which adult ADHD symptoms in mothers are genetic-
ally related to symptoms of ADHD and several common comorbid
disorders in their offspring. In doing so, we provide an indication of
overall aetiological overlap between ADHD symptoms in adulthood
and a broader pattern of ADHD-related symptoms in childhood.
We do this using the Norwegian Mother, Father and Child
Cohort Study (MoBa), a large data-set of related parents and their
children.

Method

Sample

MoBa is a prospective, population-based birth registry cohort of
114 500 children, 95 200 birth mothers and 75 200 birth fathers in
Norway.'® Data collection covered pregnancies across all of
Norway from 1999 to 2008, with 40.6% of eligible pregnant
women consenting to participate in the study. The current study
is based on version 12 of the quality-assured data files released for
research in January 2019. Using pedigree data from the Medical
Birth Registry of Norway (MBRN), a national health registry con-
taining information about all births in Norway, we used determin-
istic linkage via unique birth and parent numbers spanning several
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generations, to group MoBa participants into extended families of
twins, siblings, half-siblings and cousins in both the parent and
child generations. This analytic sample consisted of a total of
25469 mothers who reported their own ADHD symptoms and/or
at least one child measure for 30 833 of their children (51% male).
Mothers were aged 17-45 years when children were born (mean
age 29.97 years, s.d. 4.21). Supplementary Table 1 available at
https://doi.org/10.1192/bjo.2023.554  displays  frequencies of
mothers and children stratified by maternal relatedness groups
and child relatedness groups.

Ethics

The establishment of MoBa and initial data collection was based on
a license from the Norwegian Data Protection Agency and approval
from The Regional Committees for Medical and Health Research
Ethics. The MoBa cohort is currently regulated by the Norwegian
Health Registry Act. The current study was approved by The
Regional Committees for Medical and Health Research Ethics
(approval codes PDB981/PDB2330).

Measures

Figure 1 provides an overview of symptom measures used in the
current study, wherein two ADHD measures (one of children’s
ADHD symptoms in early childhood and one of mothers’ ADHD
symptoms in adulthood) were assessed for aetiological overlap
with a set of five measures of children’s ADHD and comorbid symp-
toms in mid-childhood. Internal consistency indices for all mea-
sures are displayed in Supplementary Table 2.

Adult ADHD symptoms (reported by mothers when
children were aged 3 years)

Mothers reported on their own ADHD symptoms by completing
the Adult Self-Report Scale, a self-report screening tool for
ADHD in adults which has high levels of concordance (area
under the curve of 0.90) with clinical diagnoses.'” It includes six
items measuring problems with sustained attention, task initiation
and completion, organisation and age-appropriate indicators of
hyperactivity (e.g. fidgeting when sitting still for prolonged
periods). Mothers rated the frequency with which they experienced
these problems in the past 6 months, on a five-point Likert scale of
‘never’, ‘rarely’, ‘sometimes’, ‘often’ and ‘very often’. Mothers were
20-48 years of age when reporting their ADHD symptoms (mean
age of approximately 32.95 years, approximate s.d. 4.17).

Child ADHD symptoms at age 5 years

Mothers reported children’s ADHD symptoms at age 5 years by
completing the Conners’ Parent Rating Scale-Revised Short Form,
a well-validated measure of parent-reported child ADHD symp-
toms, including 12 items covering a range of hyperactive, impulsive
and inattentive symptoms in children.'® Mothers rated the extent to
which each item described their child’s behaviour in the past month,
on a four-point Likert scale of ‘not true’, ‘somewhat true’, ‘quite true’
and ‘very true’.

child ADHD and comorbid symptoms at age 8 years

Mothers reported children’s ADHD, ODD and conduct disorder
symptoms at age 8 years by completing the Parent/Teacher Rating
Scale for Disruptive Behavior Disorders. This measure includes 18
items for ADHD symptoms, eight items for ODD symptoms and
eight items for conduct disorder symptoms, based on DSM-IV cri-
teria.'” Mothers rated the extent to which each item described their
child’s behaviour in the past year, on a four-point Likert scale of
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| Child symptoms

Maternal symptoms ‘

Early childhood Mid-childhood Adulthood
Age 5 years Age 8 years Ages 20-48 years
ADHD ADHD ADHD
(CPRS-R) (RS-DBD) (ASRS)
Reported at child age 3 years
oDD Approximate mean maternal age
(RS-DBD) 32.95(s.d. 4.17)
Child—child Conduct disorder _
correlations assessed (RS-DBD) l\/lot_her—chnd
with extended bivariate correlations assessed
twin models with MCOTS models
Anxiety
(SCARED)
Depression
(SMFQ)

Fig. 1 Overview of child and parent symptom measures used in the current study, wherein children’s ADHD symptoms in early childhood (left)
and maternal ADHD symptoms in adulthood (right) were assessed for aetiological overlap with children’s ADHD, ODD, conduct disorder, anxiety
and depression symptoms in mid-childhood (centre). ADHD, attention-deficit hyperactivity disorder; ASRS, Adult Self-Report Scale; CPRS-R,

Conners’ Parent Rating Scale-Revised Short Form; MCoTS, Multiple-Children-of-Twins-and-Siblings; ODD, oppositional defiant disorder; RS-DBD,
Parent/Teacher Rating Scale for Disruptive Behavior Disorders; SCARED, Screen for Child Anxiety Related Emotional Disorders; SMFQ, Short

Moods and Feelings Questionnaire.

‘never’, ‘rarely’, ‘sometimes’ and ‘often’. Mothers reported children’s
anxiety symptoms by completing the short version of the Screen for
Child Anxiety Related Emotional Disorders, a measure covering
symptoms of several DSM-IV anxiety disorders. The five-item
short version has similar psychometric properties to the full 41-
item scale.”® Mothers rated the extent to which each item described
their child’s recent behaviour, on a three-point Likert scale of ‘not
true’, ‘sometimes true’ and ‘very true’. Finally, mothers reported
children’s depression symptoms by completing the Short Moods
and Feelings Questionnaire, a 13-item measure of recent feelings,
thoughts and behaviours related to low mood and based on the
DSM-III-TR criteria of depression.”’ Mothers rated the extent to
which each item described their child’s behaviour in the past 2
weeks, on a three-point Likert scale of ‘not true’, ‘sometimes true’
and ‘true’.

Analyses

We set out to evaluate genetic overlap between adult (maternal)
ADHD symptoms, and child (offspring) symptoms of ADHD and
several comorbid disorders in mid-childhood. Mothers reported
on their own ADHD symptoms several years before reporting on
their children’s symptoms of ADHD, ODD, conduct disorder,
anxiety and depression (i.e. when children were aged 3 v. 8 years),
reducing the risk of time-specific shared rater bias affecting our
results. To contextualise our findings on adult ADHD, we also
assessed associations between the above child symptoms at age 8
years and children’s own earlier ADHD symptoms at age 5 years.
Child ADHD symptoms at ages 5 and 8 years were assessed with
distinct measures (see above).

Two sets of analyses were conducted, each using the OpenMx
2.18.1 package® in R Statistics version 4.0.3 for Windows (https://
cran.r-project.org/bin/windows/base/old/4.0.3). First, five Multiple-
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Children-of-Twins-and-Siblings (MCoTS) models assessed genetic
relationships between mothers’ adult ADHD symptoms and child
ADHD, ODD, conduct disorder, anxiety and depression symptoms
at age 8 years. Second, five extended bivariate twin models assessed
genetic relationships between children’s early ADHD symptoms at
age 5 years and their later ADHD, ODD, conduct disorder, anxiety
and depression symptoms at age 8 years. We adapted these bivariate
twin models to account for the additional degrees of genetic related-
ness between siblings (50%), half-siblings (25%) and cousins (12.5%),
and to constrain the shared environmental effect in cousins and
paternal half-siblings to zero (as most cousins and paternal half-sib-
lings do not share a household).

MCOoTS analyses are an extension of the Children-of-Twins
(CoT) design, a quasi-experimental method of determining the
extent to which a parent-offspring association is attributable to
shared genetic influences.”> Where bivariate twin models can esti-
mate genetic influences on phenotypic covariance between twins,
CoT models can estimate genetic influences on phenotypic covari-
ance between parents and children. Using extended families of twin
parents and children, these models derive their power from the
comparison of parent-offspring correlations and avuncular correla-
tions (those between children and their aunt/uncle). Namely, chil-
dren of identical twins share the same proportion of genes with
their parent as they do with their aunt or uncle, but share a
rearing environment only with their own parent. This separation
of genetic and environmental influences allows for inferences as
to the extent to which covariance between parents and their off-
spring is explained by shared genetic influences, with any excess
parent-offspring similarity suggesting direct phenotypic transmis-
sion through exposure to the parent phenotype. The MCoTS
design extends CoT analyses to include sibling, half-sibling and
cousin parents, and multiple children per parent. This allows for
larger data-sets of extended families to be used, increasing statistical
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power. In previous work, we have demonstrated that MCoTS
models are adequately statistically powered in the MoBa sample.*®
The full MCoTS model specification is shown in Supplementary
Fig. 3, and the extended bivariate twin model specification is
shown in Supplementary Fig. 4.

To control for covariates, we regressed all symptom mea-
sures on maternal age, parity (mothers’ number of previous
births) and children’s year of birth, and all child symptom mea-
sures on child gender. The residual measures were then used in
analyses.

Results

Descriptive statistics of all measures are shown in Table 1. Model fit
comparisons and standardised parameter estimates from prelimin-
ary univariate models testing the significance of genetic and shared
environmental effects on adult ADHD symptoms are shown in
Supplementary Tables 5a and 5b. Model fit comparisons from
MCoTS and extended bivariate twin models, testing genetic
effects on covariance between adult and early child ADHD symp-
toms and each child symptom measure at age 8 years, are shown
in Supplementary Tables 6 and 7.

Results from adult ADHD (MCoTS) and child ADHD
(extended bivariate twin) models are shown in Figs 2 and 3.
Phenotypic correlations followed an expected pattern, with child-
child correlations being larger than intergenerational adult—child
correlations. Genetic influences on adult ADHD symptoms were
correlated with genetic influences on children’s depression (rg = 1),
ODD (r;=0.80), anxiety (rg=0.72), ADHD (r;=0.55) and
conduct disorder (r;=0.44) symptoms at age 8 years. Similarly,
genetic influences on child ADHD symptoms at age 5 years were cor-
related with genetic influences on child ADHD (r¢ = 0.84), ODD (rg
=0.70), depression (rg=0.64), conduct disorder (r;=0.43) and
anxiety (rg = 0.41) symptoms at age 8 years. Standardised parameter
estimates of all phenotypic and genetic correlations, including 95%
confidence intervals, are shown in Supplementary Table 8.

Children’s ADHD and comorbid symptoms at age 8 years
shared roughly equal genetic overlap with adult ADHD symptoms
and child ADHD symptoms at age 5 years (Fig. 3). Notably, for child
ODD, conduct disorder, anxiety and depression symptoms, point
estimates of genetic correlations with adult ADHD symptoms
were higher than those of correlations with child ADHD symptoms
at age 5 years. However, confidence intervals were markedly wider
for adult ADHD estimates (with some upper bounds reaching 1),
likely because of the lower power to estimate intergenerational
genetic correlations in MCoTS models compared with twin
genetic correlations in bivariate twin models.”> Importantly, none

Table 1 Descriptive statistics of all raw measures (all mother-reported)

Measure n Mean

Parity (number of previous births) 30833 0.73
Maternal age at childbirth 30833 30.12
Year of childbirth 30833 2005.68
Adult ADHD (ASRS)? 30503 2.08
Child ADHD age 5 years (CPRS-R) 23392 1.36
Child ADHD age 8 years (RS-DBD) 24063 1.47
Child ODD age 8 years (RS-DBD) 24021 1.43
Child conduct disorder age 8 years (RS-DBD) 24010 1.10
Child anxiety age 8 years (SCARED) 24027 1.20
Child depression age 8 years (SMFQ) 23995 1.14

of the lower bounds of genetic correlations were close to zero, sug-
gesting confidence in the genetic associations observed. Overall,
confidence intervals of all adult ADHD genetic correlations were
overlapping with their equivalent child ADHD correlations.

Discussion

We set out to address a gap in research regarding the aetiological
overlap between ADHD symptoms in childhood and adulthood.
We did this by assessing the extent to which mothers’ adult
ADHD symptoms and children’s own early ADHD symptoms at
age 5 years were genetically correlated with children’s mid-
childhood symptoms of ADHD and several common comorbid dis-
orders at age 8 years. At the phenotypic level, children’s own early
ADHD symptoms were, unsurprisingly, more highly correlated
with their later ADHD and comorbid symptoms by mid-childhood,
as compared with mothers’ adult ADHD symptoms. However,
genetic influences on both adult ADHD symptoms and early
child ADHD symptoms shared similarly high correlations with
genetic influences on children’s ADHD and comorbid symptoms
in mid-childhood.

Our findings provide novel evidence for a shared genetic archi-
tecture between ADHD symptoms in childhood and adulthood,
insofar as the genetic influences on ADHD symptoms in mothers
were highly correlated with genetic influences on ADHD symptoms
in their children at age 8 years. Although past twin research has pro-
vided evidence for overlap between ADHD symptoms in childhood
and late adolescence to early adulthood, no research to date has dir-
ectly assessed genetic overlap between ADHD symptoms in child-
hood and across a broader age range in adulthood (i.e. beyond
young adulthood).

More broadly, although there has been research on genetic
overlap between ADHD and comorbid disorders in childhood,***®
we are not aware of any research assessing the extent to which
ADHD symptoms in adults share genetic overlap with children’s
symptoms of comorbid disorders. Our results demonstrate a very
similar pattern of genetic overlap between ADHD symptoms mea-
sured at a range of ages in adulthood, and symptoms of ADHD and
several common comorbid disorders in mid-childhood. This sug-
gests that genetic influences on ADHD symptoms in adulthood sub-
stantially overlap with those on symptoms of ADHD and comorbid
disorders in mid-childhood. In other words, it is unlikely that adult
ADHD symptoms in our sample represent a distinct aetiological
entity from child ADHD symptoms. Our results do not directly
address nor rule out the possibility of a late-onset form of ADHD.
However, if an aetiologically distinct later-onset form of ADHD
exists in some adults, our findings suggest that it is quite rare in

s.d. Minimum Maximum Skew Kurtosis s.e.
0.83 0 4 1.07 0.99 0.00
4.18 17 45 0.03 -0.05 0.02
1.78 2002 2009 -0.12 -0.84 0.01
0.57 1 5 0.37 0.49 0.00
0.38 1 4 1.95 5.95 0.00
0.39 1 4 178 4.66 0.00
0.39 1 4 1.38 3.11 0.00
0.19 1 3 2.92 11.42 0.00
0.24 1 3 1.66 4.11 0.00
0.18 1 3 2.30 8.15 0.00

ADHD, attention-deficit hyperactivity disorder; ASRS, Adult Self-Report Scale; CPRS-R, Conners’ Parent Rating Scale-Revised Short Form; RS-DBD, Parent/Teacher Rating Scale for Disruptive
Behavior Disorders; ODD, oppositional defiant disorder; SCARED, Screen for Child Anxiety Related Emotional Disorders; SMFQ, Short Moods and Feelings Questionnaire.

a. Includes 6435 mothers who provided self-ratings of ADHD symptoms, but did not provide ratings of child symptom ratings at the waves studied (these extra maternal ADHD data were
included to improve heritability estimates of adult ADHD symptoms). All other descriptors include only those mothers who provided at least one child symptom rating.
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Fig. 2 Bar plots displaying estimates (95% Cl) of phenotypic correlations between each child symptom measure at age 8 years (on x-axis) and

early child ADHD (blue bars) and adult ADHD (red bars). ADHD, attention-deficit hyperactivity disorder; ODD, oppositional defiant disorder.

our sample, since it did not drastically affect our estimates of genetic
overlap with children’s ADHD and comorbid symptoms.

It is also notable that in a large sample of mothers and children
not selected for clinically significant ADHD (most of whom would
not meet diagnostic cut-offs), genetically driven correlations were
found between mothers’ adult ADHD symptoms and children’s
ADHD and comorbid symptoms. This suggests that even if their
symptoms are at subclinical levels, mothers transmit to their chil-
dren genetic risk factors for the wider array of symptoms that co-
occur with ADHD in clinically significant cases. In other words,
mothers with, for example, mildly elevated hyperactivity or inatten-
tion may pass on genetic risk for mildly elevated impulsivity, oppo-
sitionality or anxiety in children. This is in line with growing
evidence that psychiatric and neurodevelopmental disorders
represent the extreme ends of normally distributed traits in the
population, and co-occur as a rule, rather than being discrete and
non-overlapping categories of severe disorder only present among
those with specific risk factors.*®

Although our study focused on ADHD and common comorbid-
ities, future studies could apply our approach more broadly to inves-
tigate aetiological overlap between any pair of adult and child
phenotypes, wherever cohorts of large extended families can be
linked by twin, sibling and cousin relationships. An advantage of
this method is that it controls for intervention effects at the
within-person level, where relevant. For example, in conventional
bivariate twin studies, if aetiological overlap were observed
between children’s ADHD symptoms and their later cardiovascular
outcomes, this could, in part, be explained by the effects of ADHD
medications on cardiovascular health. However, since most parents
in established longitudinal cohorts to date have not received
pharmacological treatment for ADHD, if our methodology were
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applied to investigate aetiological overlap between children’s
ADHD symptoms and their parents’ adult cardiovascular health
outcomes, any overlap observed could not be explained by the
potential effects of ADHD medications on cardiovascular health.

We investigated our hypotheses by using a large representative
national birth registry cohort, including longitudinal child and
parent data at a range of ages. Linking this data-set by extended
family relationships with birth registry data allowed us to estimate
genetic correlations between adult and child traits. This novel
approach enabled us to bridge the gap in genetically sensitive data
on ADHD and comorbid symptoms extending from childhood
into adulthood. Another key strength of the study was that
mothers reported their ADHD symptoms well into adulthood,
with the youngest aged 20 years and the oldest aged 48 years at
the time of self-report.

One limitation of our study was a lack of available data on
ADHD symptoms in fathers, which could differ in their aetiological
overlap with children’s ADHD and comorbid symptoms. However,
despite well-known gender differences in the prevalence and pres-
entation of ADHD symptoms, genetic and environmental influ-
ences on ADHD have been shown not to differ significantly by
gender.”” Nonetheless, future studies incorporating father-rated
adult ADHD symptoms would be useful. Another potential limita-
tion of our analyses was that mothers reported both their own and
children’s symptoms. Although maternal ratings of child symptoms
are likely valid (as mothers typically spend the most time with their
children), shared method bias could cause mothers’ child and self-
ratings to be excessively correlated because of their own attitudes or
traits.?® However, this is unlikely to have inflated our estimates of
genetic overlap, as these rely on avuncular correlations, i.e.
between an aunt’s self-rated ADHD symptoms and their niece or
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Genetic correlations
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Fig. 3 Bar plots displaying estimates (95% Cl) of genetic correlations between each child symptom measure at age 8 years (on x-axis) and early

child ADHD (blue bars) and adult ADHD (red bars). ADHD, attention-deficit hyperactivity disorder; ODD, oppositional defiant disorder.

nephew’s mother-rated symptoms. Additionally, mothers reported
their own ADHD symptoms and children’s earlier and later symp-
toms several years apart (when children were aged 3, 5 and 8 years,
respectively), reducing the likelihood of time-specific reporting
biases. Systematic and/or heritable biases could still inflate estimates
of genetic overlap; for instance, if both mothers in an extended
family had higher ADHD symptoms, so tended to be less attentive
to children’s symptoms, and therefore consistently underreported
these. However, several studies have reported a lack of evidence
that maternal ADHD symptoms bias mothers’ reporting of their
children’s ADHD symptoms.>**°

In conclusion, our analyses address a lack of genetically sensitive
research assessing the aetiological overlap between ADHD symp-
toms in childhood and throughout adulthood, as well as broader
overlap with childhood comorbid symptoms. Our findings add to
the evidence base for the continuity of childhood ADHD
symptom into and across adulthood, by demonstrating a genetically
driven co-occurrence of adult ADHD symptoms in mothers and a
typical pattern of ADHD-related symptom in their children.
Although these findings do not rule out the possibility of an aetio-
logically distinct form of adult ADHD in a minority of cases, they do
provide genetically sensitive support for a common genetic architec-
ture underpinning ADHD symptoms in a large, representative
sample of children and adults.

Future studies could apply our approach to investigate aetio-
logical overlap between a wider range of ADHD-related phenotypes
in childhood and adulthood, or indeed, the overlap between any pair
of adult and child phenotypes, where population registry data
enable parents and children to be linked by extended family rela-
tionships into twin, sibling and cousin pairs. This constitutes a
useful method of bridging the gap in genetically sensitive data for
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phenotypes when measures are available in childhood, but do not
extend into adulthood.
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