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Background: Attention deficit/hyperactivity disorder (ADHD) is associated with emotional problems, and their co-
occurrence often leads to worse outcomes. We investigated the developmental associations between ADHD and
emotional problems from childhood to early adolescence and examined the genetic and environmental contributions
to their developmental link. We further tested whether this developmental association remained across the transition
to young adulthood. Methods: We used data from the Environmental Risk (E-Risk) Longitudinal Twin Study, a
cohort of 2,232 British twins. In childhood, ADHD and emotional problems were assessed at ages 5, 7, 10 and 12
with mothers’ and teachers’ reports. At age 18, we used self-reported symptoms according to DSM-5 criteria for
ADHD, and DSM-IV for anxiety and depression. Results: Longitudinal analyses showed that earlier ADHD was
associated with later emotional problems consistently across childhood. However, earlier emotional problems were
not associated with later ADHD symptoms. The developmental association between ADHD and later emotional
problems in childhood was entirely explained by common genetic factors. Consistent with results in childhood,
earlier symptoms of ADHD were associated with later emotional problems during the transition to young adulthood.
Conclusions: Our findings demonstrate that ADHD symptoms are predictors of the development of emotional
problems, from childhood up to young adulthood, through shared genetic influences. Interventions targeting ADHD
symptoms might prevent the development of emotional problems. Clinicians treating youth with ADHD must be
aware of their risk for developing emotional problems and ought to assess, monitor and treat emotional problems
alongside ADHD symptoms from childhood to adulthood. Keywords: Attention deficit/hyperactivity disorder;
depression; anxiety; development; genetics.

Introduction
Attention deficit/hyperactivity disorder (ADHD) is a
common neurodevelopmental disorder characterised
by a persistent pattern of inattention and/or hyper-
activity-impulsivity that interferes with functioning
and development (American Psychiatric Association,
2013). ADHD typically presents with comorbid psy-
chiatric disorders including a range of emotional
problems (Erskine et al., 2016; Thapar & Cooper,
2016). Both ADHD and emotional problems are influ-
enced by a combination of genetic and environmental
factors (AmericanPsychiatric Association, 2013; Tha-
par&Cooper,2016).StudieshavereportedthatADHD
and emotional problems co-occur in childhood (Chen
etal.,2015;Cole,Ball,Martin,Scourfield,&McGuffin,
2009; Rydell, Taylor, & Larsson, 2017; Spatola et al.,
2007) throughout adolescence and up to early adult-
hood (Chen et al., 2015; Cole et al., 2009; Michelini,
Eley, Gregory, & McAdams, 2015; Spatola et al.,
2007). Compared to ADHD alone, its co-occurrence

with emotional problems is associated with greater
social impairment, poorer academic functioning,
greater risk of psychiatric disorders, substance mis-
use and suicide attempts (Biederman et al., 2008;
Blackman, Ostrander, & Herman, 2005; Daviss,
2008; Rydell et al., 2017).

The reasons for the co-occurrence of ADHD and
emotionalproblemsremain,however,unclear.Thelink
between ADHD and emotional problems could be
limited to concurrent associations, with symptoms of
both disorders influencing each other as they occur, or
representing overlapping neurobiological constructs.
PeoplewithADHDmayexperienceemotionalproblems
because of psychosocial stressors associated with
ADHD, including harsh parenting, academic failure
and problems with peers (Meinzer, Pettit, & Viswes-
varan, 2014). In addition, symptoms of emotional
problems such as lack of motivation or perception of
threat could influence concentration difficulties, irri-
tability and restlessness (Daviss, 2008; Fraser, et al.,
2018;Michielsenetal.,2013;Shaw,Stringaris,Nigg,&
Leibenluft, 2014). It could also be that rather than the
link between ADHD and emotional problems actingConflict of interest statement: No conflicts declared.
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only cross-sectionally, this association is developmen-
tal, with ADHD symptoms leading to emotional prob-
lems later in life. Previous studies have shown that
children and adolescents with ADHD are at increased
risk for later depression and anxiety (Eyre et al., 2019;
Fergusson, Boden, & Horwood, 2010; Meinzer et al.,
2013, 2016). Aspects of ADHD, such as problemswith
emotional regulation, could be an early manifestation
of later emotional problems (Shaw, Stringaris, Nigg, &
Liebenluft, 2014). However, prior longitudinal studies
did not test the hypothesis that emotional problems
couldpredict thedevelopmentofsubsequentADHD,as
untreated symptoms of emotional problems in early
years could develop into inattention and impulsivity
symptoms of ADHD later on.

Thepurpose of our longitudinal studywas to extend
understanding of the developmental associations
between ADHD symptoms and emotional problems
across childhood and up to young adulthood. We
focused on ADHD symptoms as genome-wide associ-
ation studies (GWAS) found strong concordance
between population measures of ADHD symptoms
and clinical diagnoses of ADHD indicating that diag-
noses are an extreme expression of variation of symp-
toms in the population (Demontis et al., 2019). First,
we investigated the developmental associations
betweenADHDandemotional problemsbetweenages
5 and 12 using prospectively collectedmeasures from
a longitudinal nationally representative cohort study.
We tested whether ADHD symptoms predicted later
emotional problems across childhood and whether
emotional problems predicted later ADHDsymptoms.
We further tested the specificity of the association by
examining symptoms of inattention and hyperactiv-
ity-impulsivity separately.

Second, we examined common genetic and environ-
mental influences on the developmental associations
between ADHD and emotional problems in childhood.
Previous research explored the co-occurrence of ADHD
and emotional problems. Theyprovidedmixed findings
regarding the proportion of the phenotypic overlap
explained by common genetic influence, varying
between 27% and 84% (Chen et al., 2015; Cole et al.,
2009; Michelini et al., 2015; Rydell et al., 2017).
Conclusions based on these findings are tentative. The
wideagerangeofparticipantsinthesestudies–between
5and19 years–mightexplaintheinconsistentfindings
as this association may vary across different develop-
mental periods (Rydell et al., 2017). However, results
indicating 27% of genetic comorbidity were found in a
sample of twins aged 6 to 18 years (Chen et al., 2015),
whereas estimates of 84%were obtainedwith a sample
of girlsaged5 to17 years (Cole etal., 2009).Nostudyso
far has examined the genetic and environmental con-
tributionstothedevelopmental linkbetweenADHDand
emotional problems in childhood.

Third, we investigated the developmental associa-
tion between ADHD and emotional problems from
childhood to young adulthood. There is little evidence
that the association between ADHD and emotional

problems persists into the adult years. Both ADHD
and emotional problems develop in early childhood,
show some continuity into adulthood and can even
emerge in adulthood (Asherson &Agnew-Blais, 2019;
Nivardetal., 2015).AdultswithADHDalsoexperience
comorbidanxietyanddepression(Erskineetal.,2016;
Kessler et al., 2006). However, the developmental
nature of the association between ADHD and emo-
tional problems into adulthood remains unclear. We
testedwhether the association across age periodswas
specific to childhood symptoms of inattention or
hyperactivity-impulsivity, as well as to symptoms of
anxiety or depression in young adulthood.

Methods
Sample

Participants were members of the Environmental Risk (E-Risk)
Longitudinal Twin Study, which tracks the development
of a birth cohort of 2,232 British children. The sample was
drawn from a larger birth register of twins born in England and
Wales in 1994–1995 (Trouton, Spinath, & Plomin, 2002). Full
details about the sample are reported elsewhere (Moffitt & E-
Risk Study Team, 2002). Briefly, the E-Risk sample was
constructed in 1999–2000, when 1,116 families (93% of those
eligible) with same-sex 5-year-old twins participated in home-
visit assessments. This sample comprised 56% monozygotic
(MZ) and 44% dizygotic (DZ) twin pairs; sex was evenly
distributed within zygosity (49% male). Families were recruited
to represent the UK population with newborns in the 1990s, on
the basis of residential location throughout England and Wales
and mother’s age. Teenaged mothers with twins were over-
selected to replace high-risk families who were selectively lost
to the register through nonresponse. Older mothers having
twins via assisted reproduction were under-selected to avoid
an excess of well-educated older mothers.

Follow-up home visits were conducted when children were
aged 7 (98% participation), 10 (96%), 12 (96%) and 18 years
(93%). Home visits at ages 5, 7, 10 and 12 included assess-
mentswithparticipantsand theirmother (orprimarycaretaker).
With parents’ permission, questionnaires were mailed to the
children’s teachers, who returned questionnaires for 94% of
children at age 5 years, 93% of those followed up at age 7 years,
90%at age 10 years and83%at age 12 years.Home visits at age
18 included interviews only with participants (n = 2,066). Each
twin was assessed by a different interviewer. There were no
significant differences between those who did and did not take
part at age 18 years in socioeconomic status when the cohort
was initiallydefined (v2 = 0.86;p = .65), age-5 IQscores (t = .98;
p = .33), age-5 behavioural or emotional problems (t = .40;
p = .69 and t = .41; p = .68, respectively), or rates of childhood
ADHD (v2 = 2.08; p = .72). At follow-up, the study sample
represented the full rangeandprevalenceratesof socioeconomic
levels in the UK (Odgers et al., 2012). The Joint South London
and Maudsley and the Institute of Psychiatry Research Ethics
Committee approved each phase of the study. Parents gave
written informed consent and twins gave assent between ages
5 and 12 and then written informed consent at age 18.

Measures

Childhood. We assessed ADHD and emotional problems
when participants were aged 5, 7, 10 and 12 using mothers’
and teachers’ reports. Mothers were interviewed face-to-face
and teachers responded by mail. Both informants rated each
item as being ‘not true’ (0), ‘somewhat or sometimes true’ (1) or

© 2020 Association for Child and Adolescent Mental Health

doi:10.1111/jcpp.13217 Developmental association between ADHD and emotional problems 1235



‘very true or often true’ (2). Symptoms were reported for the
preceding 6 months. We combined mothers’ and teachers’
reports into total symptom scales for both ADHD and emo-
tional problems; information was included if at least the
mother or teacher responded.

ADHD symptoms were assessed using 18 items concerning
inattention (e.g. ‘inattentive, easily distracted’) and hyperac-
tivity-impulsivity (e.g. ‘very restless, has difficulty staying
seated for long’, ‘impulsive, acts without thinking’) according
to the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV, American Psychiatric Association, 1994). Cronbach’s
alpha for the combinedmothers’ and teachers’ reports were .92
at age 5 and .94 at age 12.

Emotional problems were assessed using the Child Behavior
Checklist for mothers (Achenbach, 1991a) and the Teacher’s
Report Form (Achenbach, 1991b). The emotional problems
scale is the sum of the Withdrawn and Anxious/Depressed
subscales, including items such as ‘cries a lot’, ‘withdrawn’,
‘does not get involved with others’ and ‘worries’. Cronbach’s
alpha for the combinedmothers’ and teachers’ reports were .85
at age 5 and .89 at age 12.

Participants’ family socioeconomic status (SES) was mea-
sured via a composite of parental income (total household),
education (highest mother/father) and occupation (highest
mother/father) when they were aged 5 and was categorised
into tertiles (i.e. low, medium and high SES).

Young adulthood. We assessed symptoms at age 18
based on face-to-face private structured interviews with par-
ticipants. Symptoms were reported for the preceding
12 months. ADHD symptoms were queried based on 18
symptoms of inattention and hyperactivity-impulsivity accord-
ing to DSM-5 criteria (American Psychiatric Association, 2013).
Co-informants also rated participants on eight ADHD symp-
toms at age 18 years. Prior work in this cohort showed co-
informant reports of ADHD symptoms at age 18 corroborated
self-reports, as those with self-reported ADHD in young
adulthood have significantly more co-informant-rated ADHD
symptoms than those without ADHD (Agnew-Blais, Polanczyk,
Danese, Wertz, Moffitt, & Arseneault, 2016). Additionally,
heritability estimates were similar using co-informant reports,
indicating that these estimates were not artefacts of twins’ self-
reports. We assessed symptoms of depression and generalised
anxiety according to DSM-IV criteria (American Psychiatric
Association, 1994), using the Diagnostic Interview Schedule
(Robins, Cottler, Bucholz, & Compton, 1995). We combined the
reports of depression symptoms and generalised anxiety
symptoms to obtain comprehensive measure of emotional
problems comparable to the one in childhood.

Statistical analyses

Descriptive statistics were conducted in Stata 15.0 (StataCorp,
2017). To examine the concurrent and longitudinal associa-
tions between ADHD symptoms and emotional problems
throughout childhood (ages 5, 7, 10 and 12), we used struc-
tural equation modelling (SEM) in Mplus 7.11 (Muth�en &
Muth�en, 1998–2012).

We tested a full cross-lagged model with the autoregressive
effects and both ADHD symptoms and emotional problems
predicting each other at a later time point. This model
accounted simultaneously for the cross-sectional overlap and
stability of symptoms across years. Each individual path in the
model deleted cases listwise, and the overall N reported for the
whole model is the N of the path with the highest number of
observations. Analyses were controlled for sex and family SES,
and we accounted for nonindependence of twin observations
and non-normality of the data by using robust standard errors
(Muth�en & Muth�en, 1998–2012).

To test twin correlations and the influence of genetic and
environmental factors on the longitudinal associations

between ADHD symptoms and emotional problems in child-
hood, we used twin modelling. We used a bivariate Cholesky
decomposition to partition the variance in ADHD symptoms
and emotional problems, and the covariance between them,
into latent factors reflecting additive genetic (A), shared envi-
ronmental (C) and nonshared environmental (E) effects.
Behavioural genetic modelling was conducted using the
OpenMx software for R (Boker et al., 2011).

To examine the concurrent and longitudinal associations
between ADHD symptoms and emotional problems from
childhood (averaged across ages 5, 7, 10 and 12) to young
adulthood (age 18), we used SEM procedures. Analyses con-
trolled for sex and family SES.

Results
In childhood, ADHD symptoms and emotional prob-
lems decreased from ages 5 to 12, for both boys and
girls (Table 1). While emotional problems did not
vary across gender, boys showed higher ADHD
symptoms at all ages compared to girls. At age 18,
we found no gender differences in ADHD, but emo-
tional problems were higher among young women
compared to men. Despite those gender differences,
patterns of results throughout the analyses were not
significantly different between genders. We pre-
sented findings for the total sample.

Longitudinal associations between ADHD and
emotional problems across childhood

Results from cross-lagged models indicated four
notable findings (Figure 1). First, ADHD symptoms
and emotional problems were concurrently associ-
ated across childhood, at ages 5, 7, 10 and 12.
Correlations ranged from .19 at age 7 to .27 at age 5.
Second, ADHD was correlated over time across the
childhood years. We found a similar pattern of
correlations for emotional problems. Third, longitu-
dinal analyses showed that ADHD at earlier ages was
associated with emotional problems later on, con-
trolling for prior emotional problems and concurrent
ADHD symptoms. This indicates that early ADHD
predicts later new, or increased levels of, emotional
problems. Fourth, emotional problems at an earlier
age were not associated with later ADHD, consis-
tently across childhood. Furthermore, when exam-
ining symptoms of inattention and hyperactivity-
impulsivity separately, we found a similar pattern of
findings for both subscales in which different
domains of ADHD symptoms led to emotional prob-
lems, but not the other way around (Figure S1).

Genetic and environmental influences on the
association between age-5 ADHD and age-12
emotional problems

Given the consistent pattern of associations across
childhood, and in order to better characterise the
longitudinal associations, we next focused on the
association between age-5 ADHD symptoms and
age-12 emotional problems.
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The phenotypic correlation between age-5 ADHD
and age-12 emotional problems was .29 (95%
CI = 0.25–0.33). Twin correlations were higher for
MZ twins (r = .28; 95% CI = 0.23–0.33) than for DZ
twins (r = .17; 95% CI = 0.10–0.23), suggesting
genetic influence contributed to the longitudinal
association in childhood. In addition, twin correla-
tions within ADHD were higher for MZ twins (r = .58;
95% CI = 0.53–0.63) than for DZ twins (r = .20; 95%
CI = 0.12–0.29), as the correlations within emotional
problems (r = .47; 95% CI = 0.41–0.53 for MZ twin
and r = .23; 95% CI = 0.15–0.32 for DZ twins). Esti-
mates from the Cholesky model indicated that the
covariance between age-5 ADHD and age-12 emo-
tional problems was entirely explained by additive
genetic factors common to both phenotypes (Fig-
ure 2)1. We found that shared environmental influ-
ences (C) on age-5 ADHD and age-12 emotional
problems were negligible (.00 and .01, respectively).
We dropped the C paths from the full ACE model
without significant loss of fit (D-2LL = .02, Ddf = 3,
p = 1.00). The nonshared environmental effects on
both ADHD and emotional problems was also close to
zero (.01) and was dropped from the model without

significant deterioration in fit (D-2LL = .01, Ddf = 1,
p = .91). Furthermore, shared genetic influences
between age-5 ADHD and age-12 emotional problems
accounted for 15% of the variance in age-12 emo-
tional problems, with a further 32% of variance in
age-12 emotional problems explained by genetic
influences specific to emotional problems and the
remaining 53% of variance by nonshared environ-
mental effects specific to emotional problems.

Longitudinal associations between ADHD symptoms
and emotional problems from childhood to young
adulthood

ADHD symptoms and emotional problems, averaged
acrossages5–12,wereconcurrently correlated,aswere
ADHD symptoms and combined anxiety and depres-
sion symptoms in young adulthood (Figure 3). In
addition, childhood ADHD symptoms were longitudi-
nally associatedwith ADHD symptoms in young adult-
hood (r = .29). The longitudinal correlation between
childhood and young adulthood emotional problems
was lower (r = .10). Consistent with the cross-lagged
model in childhood, longitudinal analyses showed that

Table 1 ADHD symptoms and emotional problems across childhood and in young adulthood

Age Range of scores

Total sample Males Females

t pM (SD) N M (SD) N M (SD) N

ADHD symptoms 5 0–36 4.27 (5.19) 2,232 5.06 (5.64) 1,092 3.52 (4.60) 1,140 �5.99 <.001
7 0–34 3.46 (4.98) 2,177 4.33 (5.69) 1,067 2.62 (4.02) 1,110 �6.93 <.001

10 0–31 2.83 (4.46) 2,138 3.79 (5.09) 1,036 1.92 (3.54) 1,102 �8.23 <.001
12 0–28 2.54 (4.40) 2,145 3.37 (5.11) 1,044 1.76 (3.41) 1,101 �7.23 <.001
18 0–18 5.79 (4.29) 2,061 5.79 (4.27) 976 5.78 (4.31) 1,085 �0.03 .979

Emotional problems 5 0–58 12.13 (8.35) 2,232 12.19 (8.68) 1,092 12.08 (8.02) 1,140 �0.25 .802
7 0–66 11.60 (8.56) 2,177 11.96 (9.02) 1,068 11.25 (8.08) 1,109 �1.63 .102

10 0–67 11.57 (8.90) 2,138 11.88 (9.41) 1,036 11.28 (8.38) 1,102 �1.32 .186
12 0–72 10.98 (8.30) 2,141 11.14 (8.78) 1,043 10.82 (7.81) 1,098 �0.75 .454
18 0–15 2.75 (4.13) 2,057 2.10 (3.66) 977 3.34 (4.43) 1,080 6.18 <.001

ADHD, attention deficit/hyperactivity disorder; M, mean; N, number of participants; SD, standard deviation.
Assessment of ADHD symptoms and emotional problems at ages 5, 7, 10 and 12 was made using informants’ (mother and teacher)
reports, and at age 18 using twins’ self-reports.
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Figure 1 Longitudinal associations between symptoms of attention deficit/hyperactivity disorder (ADHD) and emotional problems across
childhood. Note: Analyses controlled for sex and family socioeconomic status. All associations are expressed as standardised path
coefficients. The 95% confidence intervals are reported in parentheses. Arrows in dashed lines represent nonsignificant associations. For
individual paths, N ranges from 2,138 to 2,232. AIC = 97454.518. ***p < .001
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ADHD in childhood was associated with new, or
increased levels of, emotional problems at age 18, even
after controlling for prior emotional problems in child-
hood and concurrent ADHD symptoms in young
adulthood. However, the phenotypic correlation
between childhood ADHD and age-18 emotional prob-
lemswas small (r = .08). Furthermore, emotional prob-
lems in childhoodwere not associatedwith later ADHD
symptoms in young adulthood. Additional analyses
showed that the longitudinal association of ADHD
symptoms in childhood with later emotional problems
was specific to hyperactivity-impulsivity symptoms in
childhood (Figure S3). Finally, we found that childhood
ADHD symptoms were associated specifically with
symptoms of depression at age 18, but not with
symptoms of anxiety (Figure S4).

Discussion
Our findings from a prospective, longitudinal genet-
ically sensitive study provide three new pieces of
evidence on the nature of the developmental associ-
ations between ADHD and emotional problems
across childhood and up to young adulthood. First,
earlier symptoms of ADHD predict subsequent emo-
tional problems, but not the other way around, a
finding that was consistent across the childhood
years. Second, this pattern of developmental associ-
ations of ADHD and later emotional problems con-
tinued in the transition to young adulthood. Third,
we found the developmental association between
ADHD symptoms and later emotional problems in
childhood to be explained by genetic factors. Overall,
these findings highlight the risks associated with
ADHD symptoms for the development of emotional
problems, from childhood up to young adulthood.

Early ADHD symptoms as risk factors for later
emotional problems

Our study showed that early symptoms of ADHD are
associated with later emotional problems consistent
with previous studies (Eyre et al., 2019; Fergusson
et al., 2010;Meinzer et al., 2013, 2016).We found this
developmental association from childhood to young
adulthood, thus across two important developmental
stages that involve biological, social and emotional
changes. Given the increased likelihood of the new
onset ofmental healthproblemsduring theseperiods,
it is important to consider risks for emotional prob-
lems among people with ADHD. Another longitudinal
study focusing on older adults showed that thosewith
higher ADHD symptoms reported increased levels of
depression and anxiety both cross-sectionally and
over six years (Michielsen et al., 2013). Taken
together, these findings emphasise the strength of
the association between ADHD and emotional prob-
lems cross-sectionally, its consistency across time,
and its continuity over the life span.

Despite the continuity of the association, the
correlation between ADHD and emotional problems
throughout the transition to young adulthood was
weak. We found this association to be specific to
symptoms of depression at age 18, and not anxiety.
This may indicate that emerging emotional problems
postpuberty have a different developmental nature
than early-onset. Moreover, this finding could be
explained by lesser variance in our measure of
anxiety as we have fewer young adults with high
levels of anxiety in our sample.

Genetic and environmental influences on the
association between ADHD and emotional
problems in childhood

Our findings that genetic factors explained entirely
the overlap between early ADHD symptoms and later
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(√.11, √.19)
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Figure 2 Association between age-5 ADHD symptoms and age-12
emotional problems partitioned using a Bivariate Cholesky
decomposition
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Figure 3 Longitudinal associations between symptoms of atten-
tion deficit/hyperactivity disorderr (ADHD) and emotional prob-
lems from childhood (ages 5–12) to young adulthood (age 18).
Note: Analyses controlled for sex and family socioeconomic
status. All associations are expressed as standardised path
coefficients. The 95% confidence intervals are reported in
parentheses. Arrows in dashed lines represent nonsignificant
associations. For individual paths, N ranges from 2,057 to 2,218.
AIC = 46810.885. **p < .01, ***p < .001
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emotional problems add to the existing knowledge on
concurrent associations. Together, previous findings
reported mixed evidence about the relative impor-
tance of genetic factors. The developmental nature of
the association in our study, along with the limited
age range of the study participants which did not
include adults, may contribute to the observation
that genetics play a predominant role in the longitu-
dinal overlap between ADHD and emotional prob-
lems across the childhood years. However, these
findings do not rule out possible influences from
environmental factors. Influence of the environment
could operate via gene–environment correlation. The
cumulative effects of ADHD-related impairments
and the negative environmental circumstances trig-
gered by these may lead some youths with ADHD to
develop emotional problems (Daviss, 2008). There is
a growing body of evidence suggesting that children’s
cognition, temperament and behaviour influence the
response and reaction of others towards them (Par-
dini, 2008; Stern et al., 2018; Wertz et al., 2016). The
challenging behaviour of children with ADHD,
including restlessness and impulsivity, could pro-
voke negative reactions from others (e.g. abuse).
These negative experiences, in turn, can lead to the
development of emotional problems such as anxiety
and depression (e.g. failure model). The environment
can influence the association between ADHD and
emotional problems via gene–environment interac-
tion. Children with ADHD may have genetic propen-
sity to over-react or be over-sensitive to negative
aspects of the environment. They may experience
difficulties with regulating feelings of stress and
frustration and have limited resources to cope with
challenging and stressful environments. This, in
turn, can lead to the development of emotional
problems such as anxiety and depression.

Specific associations between symptom domains of
ADHD and emotional problems

Our findings show associations between emotional
problems with both domains of ADHD symptoms in
childhood. However, it appears that with the transi-
tion into young adulthood, these associations
become more distinct; we found specific associations
between hyperactivity-impulsivity in childhood and
symptoms of depression in young adulthood. A
possible explanation is that symptoms of hyperac-
tivity-impulsivity in childhood might result in worse
functional outcomes and lead to depression in young
adulthood. Our findings are somewhat different from
a recent study which found that attention problems
in adolescence, rather than hyperactivity-impulsiv-
ity, appear to be driving the relationship between
ADHD and anxiety (Michelini et al., 2015). Mixed
findings could relate to the fact these studies focused
on different age periods and the association between
ADHD dimensions and emotional problems can
change over time. Furthermore, ADHD was assessed

differently across the two studies and one study
focused on a broad definition of emotional problems
while the other examined specific anxiety subtypes.

Limitations

Our findings should be considered in light of some
limitations. First, we used different informants
across ages. Yet, we used reports from the same
informants within each age period. The use of
different informants may explain the low phenotypic
correlation between ADHD in childhood and emo-
tional problems in adulthood. However, a strength of
our study is the availability of reports from several
informants, which were correlated with participants’
self-reports. The low correlation in our study could
reflect the actual correlation between childhood
ADHD and later emotional problems, free of shared
methods variance.

Second, the time lag is not constant across all
assessments. There is a gap of six years between the
assessment in adolescence and in young adulthood,
comparedtotheshorteragegapbetweenthechildhood
assessments. This calls for further studies on the link
between ADHD and emotional problems throughout
adolescence.Third,althoughweidentifiedamajorrole
forgenetic factors,weareunabletoprovideinsight into
the specific genetic factors thatmay be involved in the
association between ADHD and emotional problems.
Identifying a strong role for genetic factors in the
longitudinal link between ADHD and emotional prob-
lems is an important first step towards a deeper
understanding of the genetic influences on this devel-
opmental association. Fourth, the E-Risk sample is
composed of twins and the results may not generalise
to singletons. Reassuringly, the prevalence of child-
hoodADHDateachage inoursample iswellwithin the
range of 3.4%–11% estimated previously (Polanczyk
etal.,2015)andourrateofADHDpersistenceissimilar
to that found inameta-analysis (Faraone,Biederman,
&Mick, 2006).

Clinical implications
A better understanding of the developmental associ-
ations between ADHD and emotional problems has
implications for clinical assessment and treatment.
The NICE guidelines recommend monitoring ADHD
among people with emotional problems (National
Institute for Health & Care Excellence [NICE], 2018).
Our findings complement these recommendations
and suggest monitoring the development of emo-
tional problems among people with ADHD over time
in order to detect change and prevent worsening in
symptoms (Fraser, et al., 2018). We must also be
vigilant with assessing emotional problems and not
mistaking them as ADHD symptoms as they may
have a similar clinical presentation, for example with
difficulties in concentration. Interventions for people
with ADHD should focus on preventing the
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emergence of emotional problems in addition to
targeting the symptoms and behavioural aspects of
ADHD.

While our findings show that the developmental
association between early ADHD and later emotional
problems is genetically mediated, clinical interven-
tions remain meaningful for preventing the develop-
ment of emotional problems in people with ADHD.
Findings froma recent longitudinal study indicate that
ADHD medication reduced the long-term risk of
depression (Chang, D’Onofrio, Quinn, Lichtenstein, &
Larsson,2016).Thesefindingsare in linewithprevious
reports from clinical studies of youths with ADHD
(Biederman, Monuteaux, Spencer, Wilens, & Faraone,
2009; Daviss, 2008). Various treatment approaches
targeting ADHD can improve academic and social
functioning and, over time, may decrease the risk of
depression and other disorders (Chang, et al., 2016).

Conclusions
Our findings shed new light on the developmental
association between ADHD and emotional problems,
and the mechanisms underlying this association. We
found that earlier symptoms of ADHD lead to later
emotional problems from childhood through adoles-
cence, and to a lesser extent, up to early adulthood.
The developmental association between childhood
ADHD symptoms and emotional problems in child-
hood was accounted for by genetic factors. The
findings stress the importance of assessing and
monitoring symptoms of emotional problems among
children with ADHD. This study proposes new lines
of research into the genetic and environmental
factors involved in the development of emotional
problems among people with ADHD.

Supporting information
Additional supporting information may be found online
in the Supporting Information section at the end of the
article:

Figure S1. Longitudinal associations between (a) inat-
tention symptoms and emotional problems, and (b)
hyperactivity-impulsivity symptoms and emotional
problems across childhood.

Figure S2. Bivariate Cholesky decomposition using log-
transformed variables.

Figure S3. Longitudinal associations between (a) inat-
tention symptoms and emotional problems, and (b)
hyperactivity-impulsivity symptoms and emotional
problems from childhood (ages 5–12) to young adult-
hood (age 18).

Figure S4. Longitudinal associations between symp-
toms of attention deficit hyperactivity disorder (ADHD)
and emotional problems in childhood (ages 5–12) and
ADHD and (a) depression symptoms, and (b) anxiety
symptoms in young adulthood (age 18).
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Key points

� ADHD and emotional problems tend to co-occur, but little is known about their developmental association in
childhood and up to young adulthood.

� In a nationally representative longitudinal twin study, we showed that symptoms of ADHD in childhood were
associated with later emotional problems. Early emotional problems, however, did not lead to later ADHD
symptoms.

� This developmental association in childhood was entirely explained by common genetic factors.
� ADHD symptoms in childhood were associated with emotional problems (symptoms of anxiety and

depression) in young adulthood, but not the other way around.
� Interventions targeting ADHD symptoms could contribute to preventing the development of emotional

problems. Furthermore, emotional problems should be assessed, monitored and treated alongside ADHD
symptoms from childhood to adulthood.
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Note

1. Results from the Cholesky model using log-trans-
formed variables are presented in Figure S2.
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