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Genetic and Environmental Influences on the Developmental
Course of Attention-Deficit/Hyperactivity Disorder Symptoms
From Childhood to Adolescence
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Robert Plomin, PhD; Frühling Rijsdijk, PhD

IMPORTANCE Attention-deficit/hyperactivity disorder (ADHD) is conceptualized as a
neurodevelopmental disorder that is strongly heritable. However, to our knowledge, no study
to date has examined the genetic and environmental influences explaining interindividual
differences in the developmental course of ADHD symptoms from childhood to adolescence
(ie, systematic decreases or increases with age). The reason ADHD symptoms persist in some
children but decline in others is an important concern, with implications for prognosis and
interventions.

OBJECTIVE To assess the proportional impact of genes and the environment on
interindividual differences in the developmental course of ADHD symptom domains of
hyperactivity/impulsivity and inattention between ages 8 and 16 years.

DESIGN, SETTING, AND PARTICIPANTS A prospective sample of 8395 twin pairs from the Twins
Early Development Study, recruited from population records of births in England and Wales
between January 1, 1994, and December 31, 1996. Data collection at age 8 years took place
between November 2002 and November 2004; data collection at age 16 years took place
between February 2011 and January 2013.

MAIN OUTCOMES AND MEASURES Both DSM-IV ADHD symptom subscales were rated 4 times
by participants’ mothers.

RESULTS Estimates from latent growth curve models indicated that the developmental
course of hyperactivity/impulsivity symptoms followed a sharp linear decrease (mean score
of 6.0 at age 8 years to 2.9 at age 16 years). Interindividual differences in the linear change in
hyperactivity/impulsivity were under strong additive genetic influences (81%; 95% CI,
73%-88%). More than half of the genetic variation was specific to the developmental course
and not shared with the baseline level of hyperactivity/impulsivity. The linear decrease in
inattention symptoms was less pronounced (mean score of 5.8 at age 8 years to 4.9 at age 16
years). Nonadditive genetic influences accounted for a substantial amount of variation in the
developmental course of inattention symptoms (54%; 95% CI, 8%-76%), with more than half
being specific to the developmental course.

CONCLUSIONS AND RELEVANCE The large genetic influences on the developmental course of
ADHD symptoms are mostly specific and independent of those that account for variation in
the baseline level of symptoms. Different sets of genes may be associated with the
developmental course vs the baseline level of ADHD symptoms and explain why some
children remit from ADHD, whereas others persist. Recent longitudinal imaging data indicate
that the maintenance or increase in symptoms is underpinned by atypical trajectories of
cortical development. This may reflect a specific genetic liability, distinct from that which
contributes to baseline ADHD symptoms, and warrants closer follow-up.
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A ttention-deficit/hyperactivity disorder (ADHD) is con-
ceptualized as a neurodevelopmental disorder1-3 un-
der substantial genetic influences.4,5 However, re-

search modeling specifically the developmental course of ADHD
symptoms is rare.2 A better understanding of the developmen-
tal course of symptoms (ie, systematic decreases or increases
with age) may inform clinicians on the clinical course of the
condition6,7 and prognosis2,8; it may also provide critical in-
sights regarding the mechanisms underlying ADHD symptoms2

and preventive interventions.9 Although children experienc-
ing a systematic decline or increase in symptoms with age show
a differential long-term prognosis,2,10,11 the origins of these in-
terindividual differences in the developmental course of ADHD
symptoms are largely unknown.8 This study is the first, to our
knowledge, to examine the respective impact of genetic and
environmental influences on the developmental course of the
ADHD symptom domains of hyperactivity/impulsivity and in-
attention, using a large population-based sample of twins fol-
lowed up from childhood to adolescence.

In both clinical and population samples, the 2 symptom do-
mains of ADHD, hyperactivity/impulsivity and inattention, have
repeatedly demonstrated concurrent, predictive, and discrimi-
nant validity1,6,12-14 and follow a different developmental
course.6,7,15 Whereas hyperactive/impulsive symptoms tend to
decline steadily after early childhood,6,15-17 inattention symp-
toms, after an initial increase in early childhood,16 tend to be
stable or follow a less pronounced decline.2,6,15,18 Although these
trends describe the mean change in symptoms with age, there
is also substantial variation between individuals, eg, some chil-
dren experience a steady decline in inattention symptoms with
age, whereas symptoms persist or increase for others.10,19 These
interindividual differences reflect more than nonsystematic
transient change or random noise. For example, population-
based studies have shown that children with increasing levels
of inattention were more at risk for long-term poor academic
outcomes, even when controlling for baseline or mean levels
of inattention.10,11 Interestingly, a longitudinal imaging study
in a clinical sample suggested that, independent of baseline
symptom severity, interindividual differences in trajectories of
cerebral cortical development in childhood and adolescence are
associated with a differential clinical course (ie, remission vs
persistence).8 Taken together, these findings suggest that, in-
dependent of the baseline level of ADHD symptoms, the hetero-
geneity between individuals in the developmental course of
symptoms may be underpinned by differences in cortical tra-
jectories and associated with differential prognosis. However,
the origins of the interindividual differences in ADHD symp-
toms (ie, why they persist in some children but decline in oth-
ers) are still largely unknown.

Behavioral genetic designs can help in addressing this ques-
tion. Extant longitudinal twin studies4,5,20 have shown that ge-
netic factors are largely responsible for the stability of ADHD
symptoms (ie, genetic stability) but also that new genetic fac-
tors emerge at different developmental stages (ie, genetic in-
novation; for instance, different genetic variants may be asso-
ciated with ADHD in childhood and adulthood9,21,22). Although
the models used in these studies point toward the importance
of genetic influences on the developmental course of ADHD,

they focus on age-to-age change in ADHD symptoms. One ap-
proach to examine systematic long-term change in symptoms
is modeling latent growth curve factors (intercept and slope).23,24

The mean of these factors captures the sample average in the
baseline level (the intercept) and the average systematic change
over time (the slope, eg, an overall linear decrease in hyperac-
tivity symptoms). The variance of these factors captures inter-
individual differences in baseline level and systematic change
(ie, symptoms do not decline at the same pace for all children).
With the twin design, the variance of these factors as well as their
covariation can be decomposed into genetic and environmen-
tal influences. Phenotypic and imaging studies8,10,11 suggest that
the differential prognosis associated with interindividual dif-
ferences in the developmental course of ADHD symptoms can-
not be entirely explained by interindividual differences in the
baseline level of symptoms. Such interindividual differences in
the course of symptoms may reflect specific genetic liability.

Herein, we applied genetically informative growth curve
models to a population-based sample of twins to examine the
respective impact of environmental and genetic influences on
interindividual differences in the baseline level and the devel-
opmental course of inattention and hyperactivity/impulsivity.

Methods
Participants
Participants were drawn from the Twins Early Development
Study, a longitudinal study of twin pairs recruited from popu-
lation records of twin births in England and Wales between Janu-
ary 1, 1994, and December 31, 1996.25 The current study sample
included a total of 8395 twin pairs for whom both twins had
ADHD symptoms data for at least 1 assessment between ages 8
and 16 years. Data collection at age 8 years took place between
November 2002 and November 2004; data collection at age 16
years took place between February 2011 and January 2013. The
study sample is fairly representative of the UK population as
compared with the data obtained by the Office of National Sta-
tistics (eAppendix 1 and eTable 1 in the Supplement). Ethical au-
thorization was given by the Institute of Psychiatry Ethics Com-
mittee. Parents were given a letter describing the general
purpose of the study and written consent was required. It was
made clear that participation was voluntary and participants
could withdraw from the study whenever they wished.

Measures
The DSM-IV ADHD symptom subscale, taken from the Con-
ners’ Parent Rating Scales–Revised,26 was completed by moth-
ers to assess inattentive and hyperactive/impulsive symp-
toms at the following mean ages of the participants: 7.9, 11.3,
14.1, and 16.3 years. As in the DSM-IV, the measure comprised
18 items (9 for hyperactivity/impulsivity and 9 for inatten-
tion). Each item was rated on a 4-point Likert scale ranging from
0 (not at all true) to 3 (very much true), leading to final scores
ranging from 0 to 18. Standardized Cronbach α across the 4 ages
ranged between 0.83 and 0.85 for hyperactivity/impulsivity and
0.90 and 0.92 for inattention. These scores measure popula-
tion symptoms dimensionally and not the clinical disorder.
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Statistical Analysis
All analyses were conducted separately for hyperactivity/
impulsivity and inattention. All scores were regressed on sex
and age prior to analyses.

A latent growth curve model was fitted to examine the de-
velopmental course of hyperactivity/impulsivity and inatten-
tion between ages 8 and 16 years. First, a phenotypic latent
growth curve (ie, without genetic decomposition) was fitted
to the data (detailed specifications can be found in Figure 3 of
the article by Olsen and Kenny27). This model was used to de-
termine the baseline level (intercept) and the growth factors
(eg, linear slope) required to account for the observed hyper-
activity/impulsivity and inattention scores across time. Sec-
ond, the resulting best model was modified to include the ge-
netic and environmental influences on the growth factors. Two
sets of genetic models were considered, an ACE model (A in-
dicates additive genetic influence; C, common or shared en-
vironment; and E, nonshared environment) and an ADE model
(D indicates nonadditive or dominant genetic influence, which
reflects effects of interactions between alleles at the same or
different loci). These models also enabled the estimation of how
much of the genetic and environmental influences on the de-
velopmental course (eg, linear slope) were shared with the
baseline level (ie, intercept). The residuals (variance at each
time not explained by the growth factors) were also decom-
posed into ACE and ADE factors.24 See eAppendix 2 in the
Supplement for details on the estimation and the interpreta-
tion of ACE and ADE models.

Model Fit and Estimator
For each model, we report χ2, the Akaike information crite-
rion, and additional approximate fit indexes (eTable 2 in the
Supplement).28 Full information maximum likelihood was used
to deal with missing data. A maximum likelihood estimator
with robust standard errors (MLR) and scaled test statistics were
used to account for skewness, while 95% confidence inter-
vals were obtained by bootstrapping (5000 repetitions). The
structural equation modeling package lavaan version 0.5-16 was
used for phenotypic and biometric models29 and imple-
mented within R software30 version 3.02.

Results

Preliminary Analyses
Consistent with previous studies,20,31 we detected no differ-
ences in genetic and environmental etiologies across boys and
girls for symptom scores; therefore, sex differences were not con-
sidered in subsequent multivariate analyses. Table 1 shows the
number of complete monozygotic and dizygotic twin pairs and
twin correlations at each age (complete descriptive statistics are
shown in eTable 3 and eTable 4 in the Supplement). The mono-
zygotictodizygoticcorrelationratiossuggestedthatamodelwith
additive genetic influence (ACE) was more appropriate for hy-
peractivity/impulsivity, whereas a model with dominance ge-
netic effects (ADE) was more adequate for inattention (dizy-
gotic correlations less than half of the monozygotic correlations
at all ages). We fitted a standard Cholesky decomposition, as is
commonly used on longitudinal data.32 For hyperactivity/
impulsivity scores, an ACE model indeed fitted the data better
(results are presented in Table 2; fit indices are shown in eTable
2 in the Supplement). The influence of additive genetic influ-
ences was pervasive at all ages, explaining around 80% of the
total variance at each age. From a longitudinal perspective, there
was evidence for both (1) genetic continuity, for instance, ge-
netic factors explaining hyperactivity/impulsivity at age 8 years
still explained 28% of the total variance at age 16 years (A1 at 16
years, Table 2); and (2) genetic innovation, for instance, 27% of
the variance at age 16 years was independent of genetic influ-
ences at previous ages (A4 at 16 years, Table 2). No evidence of
shared environmental influences on hyperactivity/impulsivity
emerged. Nonshared environmental influences were small and
largely age specific. Results for inattention (Table 3) were differ-
ent, as a model with nonadditive genetic effects fitted the data
better. Between 37% and 49% of the variance at each age was
explained by additive genetic influences, whereas between 28%
and 42% was explained by nonadditive genetic effects.

Latent Growth Curve Models
In the phenotypic model, the score of hyperactivity/
impulsivity decreased sharply and linearly, with a 3-point de-

Table 1. MZ and DZ Correlations at Each Agea

Twins

Age, y

8 12 14 16
Hyperactivity score,
correlation (95% CI)

MZ 0.87 (0.85-0.89) 0.87 (0.84-0.89) 0.84 (0.81-0.87) 0.78 (0.74-0.82)

DZ 0.42 (0.39-0.46) 0.45 (0.42-0.49) 0.38 (0.32-0.43) 0.41 (0.37-0.45)

Inattention score,
correlation (95% CI)

MZ 0.79 (0.76-0.81) 0.75 (0.72-0.78) 0.77 (0.73-0.82) 0.71 (0.67-0.75)

DZ 0.29 (0.26-0.32) 0.33 (0.30-0.37) 0.33 (0.29-0.38) 0.33 (0.29-0.37)

Twin pairs, No.

MZ 2345 2099 1285 1820

DZ 4314 3735 2076 3264

Total 6659 5834 3361 5084

Abbreviations: DZ, dizygotic;
MZ, monozygotic.
a The total study sample number is

superior to time-specific numbers
as all twin pairs with 1 complete pair
of data at 1 time or more were
included in the latent growth model
(eg, a pair of twins with missing
value[s] at 8 years but available
scores at 12 years was included).
Data were complete at all 4
assessments for 2154 pairs, at 3
assessments for 2096 pairs, at 2
assessments for 1889 pairs, and at 1
assessment for 2256 pairs,
summing to the total study sample
number of 8395 twin pairs.
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crease from a score of 6.0 at age 8 years to a score of 2.9 at age
16 years (Figure 1). An ACE model (with additive genetic in-
fluence) fitted best (eTable 2 in the Supplement). Heritability
of the baseline level (intercept) of hyperactivity/impulsivity
was high: 90% (95% CI, 87%-92%) of the variance was ex-
plained by additive genetic influences. Interindividual differ-
ences in the linear systematic change (slope) of hyperactivity/
impulsivity was also highly influenced genetically: 81% (95%
CI, 73%-88%). Figure 1 shows that more than half of this in-
fluence was not shared with the genetic factors influencing the

baseline level (ie, 44% specific to the slope and 37% shared with
the intercept, summing to 81%). No shared environmental in-
fluences and little nonshared environmental influences were
detected on either the intercept or the slope.

Results for inattention differed in 2 ways. First, in the phe-
notypic model, the significant linear decline was much less pro-
nounced, with a 1-point decrease from a score of 5.8 at age 8
years to 4.9 at age 16 years (Figure 2 and eTable 4 in the Supple-
ment). The eFigure in the Supplement displays interindi-
vidual differences in the developmental course of symp-

Table 2. Cholesky Decomposition of Additive Genetic Influences, Shared Environmental Influences, and Nonshared Environmental Influences
for Hyperactivity/Impulsivity Score From Ages 8 to 16 Yearsa

Age, y

Proportion (95% CI) by Assessment No.

1 2 3 4 Total
Additive genetic influences A1 A2 A3 A4 Total a2

8 0.85 (0.80 to 0.89) 0.85 (0.80 to 0.89)

12 0.48 (0.43 to 0.53) 0.35 (0.30 to 0.39) 0.83 (0.76 to 0.87)

14 0.36 (0.32 to 0.41) 0.16 (0.12 to 0.21) 0.34 (0.29 to 0.39) 0.86 (0.83 to 0.89)

16 0.28 (0.23 to 0.32) 0.14 (0.09 to 0.21) 0.10 (0.05 to 0.15) 0.27 (0.20 to 0.32) 0.79 (0.71 to 0.85)

Shared environmental influences C1 C2 C3 C4 Total c2

8 0.02 (0.00 to 0.07) 0.02 (0.00 to 0.07)

12 0.00 (−0.04 to 0.05) 0.05 (0.01 to 0.10) 0.05 (0.01 to 0.10)

14 0.00 (−0.01 to 0.01) 0.00 (0.00 to 0.01) 0.00 (−0.03 to 0.00) 0.00 (0.00 to 0.00)

16 0.00 (−0.02 to 0.06) 0.00 (−0.03 to 0.05) 0.02 (0.00 to 0.11) 0.00 (0.00 to 0.00) 0.03 (0.00 to 0.09)

Nonshared environmental influences E1 E2 E3 E4 Total e2

8 0.13 (0.11 to 0.15) 0.13 (0.11 to 0.15)

12 0.03 (0.02 to 0.05) 0.09 (0.08 to 0.11) 0.13 (0.11 to 0.15)

14 0.02 (0.01 to 0.04) 0.02 (0.01 to 0.03) 0.10 (0.08 to 0.13) 0.14 (0.11 to 0.17)

16 0.01 (0.01 to 0.02) 0.01 (0.00 to 0.03) 0.03 (0.02 to 0.06) 0.12 (0.10 to 0.15) 0.18 (0.15 to 0.22)

a The values presented are standardized components of variance. For instance, additive genetic influences explain 83% of the total variance at age 12 years, of which
48% comes from factor A1 that corresponds to age 8 years and 35% comes from factor A2 specific to age 12 years. Finally, a2 + c2 + e2 = 1 at each age (last column).
Significant paths are in bold.

Table 3. Cholesky Decomposition of Additive and Dominant Genetic Influences and Nonshared Environmental Influences for Inattention Score From
Ages 8 to 16 Yearsa

Age, y

Proportion (95% CI) by Assessment No.

1 2 3 4 Total
Additive genetic influences A1 A2 A3 A4 Total a2

8 0.37 (0.24-0.50) 0.37 (0.24-0.50)

12 0.17 (0.07-0.29) 0.31 (0.26-0.36) 0.49 (0.37-0.61)

14 0.15 (0.04-0.29) 0.08 (0.02-0.14) 0.23 (0.15-0.31) 0.46 (0.30-0.62)

16 0.12 (0.03-0.27) 0.06 (0.01-0.10) 0.03 (0.00-0.08) 0.26 (0.19-0.31) 0.47 (0.33-0.60)

Dominant genetic influences D1 D2 D3 D4 Total d2

8 0.42 (0.28-0.56) 0.42 (0.28-0.56)

12 0.26 (0.14-0.39) 0.03 (0.00-0.10) 0.28 (0.16-0.41)

14 0.19 (0.07-0.34) 0.15 (0.04-0.29) 0.00 (0.00-0.00) 0.34 (0.17-0.52)

16 0.13 (0.03-0.27) 0.16 (0.05-0.30) 0.00 (0.00-0.00) 0.00 (0.00-0.00) 0.29 (0.14-0.44)

Nonshared environmental influences E1 E2 E3 E4 Total e2

8 0.21 (0.18-0.24) 0.21 (0.18-0.24)

12 0.04 (0.03-0.06) 0.18 (0.16-0.21) 0.23 (0.20-0.26)

14 0.03 (0.02-0.05) 0.03 (0.02-0.05) 0.14 (0.12-0.16) 0.20 (0.16-0.24)

16 0.02 (0.01-0.04) 0.03 (0.02-0.05) 0.05 (0.03-0.07) 0.14 (0.12-0.16) 0.24 (0.20-0.28)

a The values presented are standardized components of variance. See Table 2 for an explanation of the values. Finally, a2 + d2 + e2 = 1 at each age (last column).
Significant paths are in bold.
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toms: the distributions of the slopes for hyperactivity/
impulsivity and inattention show that, although the slope was
negative for inattention, a substantial minority of the sample
had increasing levels of inattention, in contrast to hyperactivity/
impulsivity. eTable 5 in the Supplement provides additional
information on children with increasing inattention. A model
including nonadditive genetic variance (ADE) fitted the model
better (estimates are presented in Figure 2; fit indices are shown
in eTable 2 in the Supplement). The nonadditive genetic com-
ponent (D) explained more than half of the total variance of
the baseline level (55%; 95% CI, 38%-74%) and 54% (95% CI,
8%-76%) of the slope, with 35% being specific to the slope and
19% shared with the intercept, summing to 54% (Figure 2). Ad-
ditive genetic influences explained a substantial part of the vari-
ance of the baseline level but not of the slope.

The residuals were explained by the E term, including non-
shared environmental influences as well as error variance (be-
tween 21% and 45%), with the rest being explained mostly by
genetic influences. Detailed results are available in eTable 6
in the Supplement.

Discussion
This study examined the etiology of interindividual differ-
ences in the baseline levels and the developmental course of
inattention and hyperactive/impulsive symptoms from child-

hood to adolescence. Interindividual differences in the over-
all decline in ADHD symptoms were explained by genetic and
environmental influences that were largely distinct from those
influencing the baseline level of symptoms. In addition, con-
sistent with the literature, we found large genetic influences
on ADHD symptoms with dominant and additive genetic in-
fluences for inattention symptoms and only additive genetic
effects for hyperactive/impulsive symptoms.33

Developmental Course of Inattention
and Hyperactivity/Impulsivity
At the phenotypic level, our results are consistent with clini-
cal and population-based studies showing a substantial de-
crease in mean levels of hyperactive/impulsive symptoms with
age.6,15-17 As compared with hyperactivity/impulsivity, inat-
tention symptoms have been found to follow a less pro-
nounced decline or be stable with age.2,6,15,18 In this study, we
found that the decline in inattention symptoms was signifi-
cant, even though it was clearly less pronounced than for hy-
peractivity/impulsivity. Although compatible with the ex-
tant literature, these findings may seem at odds with some
recent population-based studies reporting increasing trajec-
tories of inattention symptoms for subgroups of children.10,17,19

This apparent inconsistency stems from interindividual dif-
ferences in the developmental course of symptoms, which can
be illustrated by the distribution of rates of change in this study:
despite the mean decline, a substantial percentage of the

Figure 1. Genetic and Environmental Influences on the Intercept and Slope of Hyperactivity/Impulsivity
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sample had increasing levels of inattention (eFigure in the
Supplement). The age at onset of ADHD—postponed from 7 to
12 years in DSM-5—remains a controversial topic34 and may
seem somewhat arbitrary in the face of the continuous change
in symptoms described here. The increase in inattention symp-
toms for a subset of children in the population is consistent
with the emergence of late-onset predominantly inattentive
clinical cases, although evidence for late-onset cases is mixed.34

Alternatively, together with the decline in hyperactive/
impulsive symptoms, this increase in inattention is consis-
tent with the observed shift with advancing age from com-
bined ADHD to predominantly inattentive.6

Genetic Effects on the Developmental Course
of ADHD Symptoms
Meta-analyses have documented cross-sectional structural
brain differences (eg, in basal ganglia) between children with
ADHD and typically developing children and have suggested
change in ADHD-related structures with advancing age.35,36 A
recent longitudinal imaging study8 showed that interindi-
vidual differences in cortical thinning in the cingulate gyrus
and medial prefrontal cortex in childhood and adolescence
were associated with the clinical course of ADHD. Specifi-
cally, thickening or minimal thinning of these cortical re-
gions occurred exclusively among patients with ADHD whose
symptoms had decreased by adulthood to a level below the di-

agnosis threshold. Moreover, cortical change was indepen-
dent of baseline symptom severity, revealing a specific rela-
tionship between the trajectories of cerebral cortical
development in these areas and prognosis. Taken together,
these and our findings suggest that the parallel developmen-
tal processes at the cortical and phenotypic levels might re-
flect specific genetic influences, mostly independent from those
underlying the baseline status. The hypothesis of a specific
genetic liability underlying both developmental processes is
only one possible account for the findings and does not ex-
clude complex explanations involving, for instance, gene-by-
environment interactions. To test this hypothesis, future re-
search could aim to identify genetic variants associated with
the developmental course of ADHD symptoms and verify how
these variants associate with cortical development (ie, whether
the genetic effect on the developmental course of ADHD symp-
toms is mediated by cortical development).

Genome-wide association studies have not been success-
ful so far in identifying specific genetic variants associated with
ADHD.4 Our results show that some of these genetic variants
should be expected to predict both the baseline status and the
developmental course of ADHD symptoms, whereas others
would predict only the latter. In other fields, studies have al-
ready uncovered genetic variants specifically associated with
age-related systematic change (eg, obesity37). These studies37-40

also demonstrated that genetic variants may remain unde-

Figure 2. Genetic and Environmental Influences on the Intercept and Slope of Inattention
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tected when systematic change is not directly modeled. As such,
when characterizing ADHD phenotype for genetic studies,41 it
appears crucial to adopt a developmental perspective. Longi-
tudinal monozygotic twin studies have shown enduring dif-
ferences in ADHD symptoms and comorbidity between discor-
dant twin pairs.42 However, identifying specific nonshared
environmental factors contributing to these long-term differ-
ences has proven challenging, consistent with the general dif-
ficulty in identifying nonshared environmental influences.43-45

Limitations and Strengths
Mother ratings from childhood to adolescence constituted a
coherent set of measures, which was essential to model sys-
tematic change with age. However, rater-related issues are
important in twin studies and can influence heritability esti-
mates and the type of genetic and environmental influences
(eg, additive or dominant genetic effects).5,20,33,41 Further-
more, recent studies have focused on the transition from
childhood to adulthood.5,20 Such studies present specific
challenges as instruments and raters often change between
childhood and adulthood. As such, although our cohort does
not yet include adulthood data, it retains the following
strengths: spanning a critical developmental period; distin-
guishing between both symptom domains (contrary to the
aforementioned long-term studies); and using the same
measure and the same rater throughout, which allowed us to
fit a latent growth curve model. Given the common assump-
tions and limitations of twin models, caution must be
applied when interpreting these findings (discussed further
in eAppendix 2 in the Supplement). Finally, this study used
dimensional measures of ADHD symptoms in a population-

based sample. While this means that we captured interindi-
vidual differences across the population, our conclusions
cannot be directly applied to clinical populations. The
genetic etiology underlying clinical diagnoses of ADHD and
ADHD symptoms in population-based samples may differ,
although recent evidence points toward some overlap.46,47

Conclusions
A sharp general linear decrease in the levels of hyperactive/
impulsive symptoms was observed from ages 8 to 16 years in
this population-based sample of twins. A less pronounced de-
crease was observed for inattention symptoms. Important in-
terindividual differences were detected (faster or slower de-
creases vs persistence, or even increases in inattention
symptoms for a subset of children). These interindividual dif-
ferences in the developmental course of symptoms were mostly
explained by genetic influences, mostly independent from those
influencing the baseline level of symptoms. Developmental
models will be crucial in identifying genetic variants and spe-
cific environmental influences explaining why some children
remit from ADHD, whereas others persist. The confirmation of
large genetic influences on the developmental course of ADHD
symptoms is important for both clinicians and patients. For cli-
nicians, the maintenance or increase in symptoms (a decline
being normative in the population) might represent a marker
of vulnerability reflecting genetic liability and warrant closer fol-
low-up. It also raises the question of the necessity to inform pa-
tients and their relatives about the higher risk of persistence in
families of index cases with persistent symptoms.
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