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Developmental Twin Study of Attention Problems

High Heritabilities Throughout Development

Zheng Chang, MSc; Paul Lichtenstein, PhD; Philip J. Asherson, PhD; Henrik Larsson, PhD

Context: The genetic and environmental link between
attention-deficit/hyperactivity disorder in childhood and
the adult manifestation of the disorder is poorly under-
stood because of a lack of longitudinal studies with cross-
informant data.

Objective: To explore the relative contribution of genetic
and environmental influences on symptoms of atten-
tion problems from childhood to early adulthood.

Design: Analysis was conducted using longitudinal struc-
tural equation modeling with multiple informants.

Setting: The Swedish Twin Study of Child and Adoles-
cent Development.

Participants: One thousand four hundred eighty twin
pairs were prospectively followed up from childhood to
young adulthood.

Main Outcome Measures: Symptoms were obtained
using parent and self-ratings of the Attention Problems
Scale at ages 8 to 9, 13 to 14, 16 to 17, and 19 to 20 years.

Results: The best-fitting model revealed high heritabil-
ity of attention problems as indexed by parent and self-
ratings from childhood to early adulthood (h2=0.77-
0.82). Genetic effects operating at age 8 to 9 years
continued, explaining 41%, 34%, and 24% of the total
variance at ages 13 to 14, 16 to 17, and 19 to 20 years.
Moreover, new sets of genetic risk factors emerged at ages
13 to 14, 16 to 17, and 19 to 20 years.

Conclusions: The shared view of self- and informant-
rated attention problems is highly heritable in child-
hood, adolescence, and early adulthood, suggesting that
the previous reports of low heritability for attention-
deficit/hyperactivity disorder in adults are best explained
by rater effects. Both genetic stability and genetic inno-
vation were present throughout this developmental
stage, suggesting that attention problems are a develop-
mentally complex phenotype characterized by both con-
tinuity and change across the life span.
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A TTENTION-DEFICIT/HYPER-
activity disorder (ADHD)
is one of the most com-
mon developmental disor-
ders in child and adoles-

cent psychiatry, with an estimated
worldwide prevalence rate around 5%.1

Follow-up studies of children with ADHD
into adolescence and early adulthood show
a substantial degree of persistence over
time,2,3 with around 65% of children with
ADHD continuing to meet full or partial
remission criteria by the age of 25 years.4

Despite the increased level of interest in
ADHD in adults,5,6 to our knowledge, no
previous studies have investigated the
impact of genetic and environmental risk
factors on ADHD from childhood to young
adulthood, using a developmental, geneti-
cally sensitive design with multi-inform-
ant data.

Twin studies based on parent and
teacher ratings yield high heritability es-
timates for ADHD symptoms in child-
hood and adolescence, usually in the range
of 70% to 80%.7 In contrast, the few twin
studies that have investigated ADHD in
adults, all based on self-ratings, reveal
lower heritability estimates between 30%
and 40%.8-10 However, because there are
no published informant or cross-infor-
mant data on adult twins, it is still un-
clear whether these previous studies in-
dicate a true drop in the heritability of
ADHD in adults compared with children
or whether this relates to the use of self-
ratings in contrast to informant data.11 Re-
sults from a recent meta-analysis, suggest-
ing that the magnitude of the nonshared
environmental component of ADHD in-
creases with age,12 predict the former. In
contrast, findings from clinical-based fam-
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ily studies, showing a high familial loading on ADHD in
adults,13-16 predict the latter.

Most of the previous twin studies have used cross-
sectional data to estimate heritabilities at different ages
and are therefore unable to distinguish stable genetic risk
factors that influence the disorder over time from ge-
netic factors that emerge during development. The few
available longitudinal twin results17-20 suggest that some
of the genes influencing ADHD at an early age continue
to operate in adolescence, providing evidence for stable
genetic influences on ADHD. The genetic overlap across
different ages was far from complete in these studies, with
evidence that new sources of genetic effects emerge at
different developmental stages and that the impact of ear-
lier genetic risk factors declines over time. Unfortu-
nately, none of these studies followed up the twins from
childhood into adulthood, so although strong familial in-
fluences have been identified for ADHD that persists into
adulthood,13-16 little is known about the dynamic nature
of the genetic risk factors for ADHD during the transi-
tion from childhood and adolescence to adulthood.
Knowledge about the developmental structure of ge-
netic risk factors for ADHD from childhood to adult-
hood would help to clarify the nature of the etiological
links between ADHD in children and adults.

In this study, we explored the impact of genetic and
environmental risk factors for the ADHD-sensitive21-23 At-
tention Problems (AP) Scale of the Achenbach System
of Empirically Based Assessment.24-26 The AP Scale in-
cludes symptoms of inattention, hyperactivity, and im-
pulsivity and therefore covers the 3 main symptom do-
mains of ADHD. We applied a longitudinal design, using
multi-informant data that combined parent and self-
ratings to generate an index of an unobserved latent fac-
tor that reflects the shared view across raters. The use of
both parent- and self-rated data allowed us to explore
whether the previous reports of low heritability for ADHD
(and the AP Scale) in adults are best explained by rater
effects or developmental effects. The developmental de-
sign was used to examine, for the first time to our knowl-
edge, the continuity and change in genetic and environ-
mental risk factors from childhood into early adulthood.
The main focus of the longitudinal analyses was to dis-
criminate between “developmentally stable” genetic risk
factors (ie, predicting that the genetic liability origi-
nates solely from a single set of genes that influence ADHD
symptoms throughout child to adult development) and
“developmentally dynamic” genetic risk factors (ie, pre-
dicting that new genetic effects emerge over develop-
ment and also that the impact of earlier genetic risk fac-
tors declines over time).

METHODS

SAMPLE

This study was based on data from the Twin Study of Child
and Adolescent Development.27 The target sample consisted of
all the 1480 twin pairs born in Sweden between May 1985 and
December 1986 who were alive and residing in Sweden in 1994.
They were assessed 4 times via mailed questionnaires: at age 8
to 9 years questionnaires mailed to parents (n=1109 or 75%

response of those eligible), age 13 to 14 years questionnaires
mailed to parents (n=1063, 73%) and children (n=2263, 78%),
and age 16 to 17 years questionnaires mailed to parents (n=1067,
74%) and children (n=2369, 82%), with a majority of the parent-
reported information supplied by mothers rather than by fa-
thers (75%-90%). At age 19 to 20 years, both parents were ap-
proached separately, with responses from at least 1 of the parents
for 1158 twins and self-report from 1705 twins (59%). Some
evidence of selective attrition over time was present; attrition
rates were higher in individuals with elevated levels of symp-
toms on the AP Scale, and attrition rates at age 19 to 20 years
were higher in boys. Zygosity was assessed by DNA testing. The
twins’ DNA was extracted from saliva samples using an Ora-
Gene DNA self-collection kit (DNA Genotek Inc). For twins
without a DNA sample, zygosity was determined based on an
algorithm derived from discriminant analyses of twins’ and par-
ents’ responses to validated zygosity questionnaires.27,28 In cases
of any contradictions between the assignments (n=100, 3.4%),
the zygosity was set to unknown, and the twins were excluded
from the analyses. Each wave of data collection was approved
separately by the ethics committee of Karolinska Institutet, Stock-
holm, Sweden.

MEASURES

Parent ratings consisted of items from the AP Scale of the Child
Behavior Checklist (CBCL)24 when the twins were aged 8 to
17 years and from the Adult Behavior Checklist (ABCL)26 at
age 19 to 20 years. Self-ratings consisted of items from the same
AP Scale from the Youth Self-Report form (YSR)25 when the twins
were aged 13 to 14 and 16 to 17 years and from the Adult Self-
Report form (ASR)26 at age 19 to 20 years. The CBCL, YSR, ABCL,
and ASR are standardized questionnaires for parents and chil-
dren to rate the children’s frequency and intensity of behav-
ioral and emotional problems exhibited in the past 6 months.
The AP Scale assesses problems related both to inattention and
hyperactivity-impulsivity (eTable 1, http://www.jamapsych
.com) and has been found to predict ADHD status.21-23 We there-
fore consider the AP Scale to be a measure of ADHD symp-
toms. The psychometric properties of these scales have been
examined in both population-based and clinical samples, pre-
senting good reliability, as well as convergent and discrimina-
tive validity.24-26,29 All items were scored on a 3-point scale (0=not
true; 1=sometimes true; and 2=often true). The YSR is based
on self-ratings but consists of the same items as those in the
CBCL. The ABCL and ASR consist of similar or developmen-
tally appropriate counterparts of items used in CBCL and YSR.
Because item performance could vary by rater, sex, or age, we
created factor scores of AP separately for each combination of
these factors (eg, parent ratings of boys at age 8-9 years).30 Fac-
tor loadings were calculated for each item in the program Mp-
lus,31 using a robust weighted least squares estimator.

DATA ANALYSIS

In multivariate twin models, the variance of each phenotype
and covariance between phenotypes are decomposed into ad-
ditive genetic (A), dominant genetic (D) or shared environ-
mental (C), and unique environmental (E) influences. We used
a model, illustrated in Figure 1, designed to estimate the pro-
portion of variance in AP explained by A, C or D, and E over
the 4 times of measurement.

Both parent ratings and self-ratings are used as indicators
for the latent factors of AP (AP1-AP4). The paths �p and �s re-
flect the degree to which parent ratings and self-ratings of AP
index the latent factors of AP. The genetic and environmental
influences on AP1 to AP4 are modeled as Cholesky decompo-
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sition. The factor structure depicted by latent factors F1 through
F4 is implemented for the 3 sources of variance A, C or D, and
E. This developmentally informative approach divides genetic
risk of AP1 to AP4 into 4 factors (F1-F4). The first factor, F1, con-
tributes to variation at age 8 to 9 years (time 1) and impacts
times 2, 3, and 4 as well. The second factor, F2, contributes to
variation at age 13 to 14 years (time 2) and additionally im-
pacts times 3 and 4. The third factor, F3, starts at age 16 to 17
years (time 3) and also impacts time 4, and the last factor, F4,
impacts only age 19 to 20 years (time 4). The model also con-
tains 2 rater-specific common factors for parent ratings (Fp) and
self-ratings (Fs). These factors allow the model to estimate ge-
netic and environmental influences on ratings that are unique
to the parents or children. The remaining part of the pheno-
typic variance is modeled as rater-specific error effects (Rp1-
Rs4). This model has previously been described in detail in a
developmental twin study of fears.32

We examined qualitative and quantitative sex effects on AP.
Qualitative sex effects, which arise when genetic factors influ-
encing a trait are not identical in males and females, are mea-
sured by the genetic correlation rg, which can vary from zero (ie,
entirely distinct sets of genes in the 2 sexes) to unity (ie, identi-
cal genetic factors impacting males and females). Quantitative sex
effects arise when the same genetic factors impact males and fe-
males but to different degrees. This was implemented by allow-
ing all path coefficients to be estimated separately by sex.

Analyses were performed using the Mx software package.33

Factor scores for AP were approximately normally distributed
(skewness range, 0.27 to 1.15, kurtosis range, �0.56 to 0.52)
and were treated as continuous traits. Traditionally, the like-
lihood ratio test has been used to compare the fit of nested mod-
els. More recently, the Bayesian information criterion (BIC),
which measures model fit relative to parsimony, has been shown
to perform well with regard to its ability to discriminate be-
tween multivariate behavioral genetic models34 and is widely
used in studies with complex models.32,35,36 In this study, we
used BIC to evaluate the fit of models, and the lower the BIC
value, the better the balance of explanatory power and parsi-
mony. Estimations of path coefficients and their confidence in-
tervals were obtained with maximum-likelihood model fitting
using raw data.

RESULTS

Table1 presents the correlations matrix for AP across rat-
ers and across time. In line with prior cross-informant data
on child and adolescent psychopathology,37 within-time cor-
relations (ie, between parent ratings and self-ratings) were
similar across the 3 times, ranging from 0.33 to 0.39. Cross-
time within-rater correlations ranged from 0.36 to 0.60,
whereas cross-time cross-rater correlations ranged from 0.07
to 0.33. Both types of cross-time correlations declined as
the interval increased.

Twin correlations for parent and self-rated AP, within
and across time for the 5 zygosity groups (male monozy-
gotic, male dizygotic, female monozygotic, female dizy-
gotic, and male-female dizygotic), are reported in eTable
2. Consistent with prior research,20 within-time monozy-
gotic correlations were approximately twice as large as the
corresponding dizygotic correlations, indicating genetic in-
fluences on AP at each time. Monozygotic cross-time cross-
twin correlations were higher than those of dizygotic twins,
indicating genetic influences on the stability of AP over time.
The cross-informant/cross-twin correlations and the cross-
time/cross-informant/cross-twin correlations also indi-

cated evidence of genetic influences.
Model fitting (Table 2) began with a full model al-

lowing for both qualitative and quantitative sex differ-
ences for the estimation of A, C, and E on latent factors
(model 1) and an alternative ADE model (model 2). The
ADE model fitted the data better as indexed by a lower
BIC value. The results from model 2 showed similar pa-
rameter estimates for males and females (data not shown).
We then attempted to simplify this model by dropping
the qualitative and quantitative sex effects, and the BIC
favored the more parsimonious model (model 3,
�BIC = �97.8). We continued to test whether the D com-
ponent could be dropped from the model (model 4). Re-
sults showed that an AE model (�BIC = �19.0) with-
out a sex effect provided the best fit with a balance of
explanatory power and parsimony. Parameter estimates
from the ADE model (model 3) are also presented in
eTable 3. Dominant genetic effects accounted for part of
the broad-sense heritability (ie, D explained 29%-60%)
at each age, but the general pattern of results was simi-
lar to the results from the best-fitting model.

Standardized parameter estimates for the genetic and
environmental contribution (as illustrated in the upper
part of Figure 1), along with 95% confidence intervals,
are shown in Table 3, and the relative contributions of
genetic and nonshared environmental factors are also il-
lustrated in Figure 2. The results showed that genetic
factors had a strong influence on AP, as indexed by the
shared view of parent and self-ratings, across the 4 times
(AP1-AP4). The heritability (h2) estimates for AP1 to AP4

were 77%, 82%, 82%, and 78%, respectively, and thus
higher than those based on parent ratings (0.59-0.70) or

Rs4Rp4Rp1

F1

λp1 λp2 λs2 λp3 λs3 λp4 λs4

Rp2

Fp Fs

Rs2 Rp3 Rs3

AP1 AP2 AP3

Age 8-9 y Age 13-14 y Age 16-17 y
AP4

Age 19-20 y

f11 f12 f22 f33f23f13 f14 f24 f34 f44

F2 F3 F4

P1 P2 S2 P3 S3 P4 S4

Figure 1. The model used in the current analyses presented for 1 source of
liability, such as additive genetic effects. The model contains 4 latent factors
of AP1 to AP4 reflecting the “true” level of attention problems (AP) for each
point. These latent variables are indexed by ratings of AP by parental report
(P) and self-report (S). The degree to which the parent- and self-reported
ratings of AP index these latent factors is reflected by the paths �p and �s.
The genetic and environmental influences on AP1 to AP4 are modeled as a
Cholesky decomposition. See the “Data Analysis” subsection and “Results”
section for further details (adapted from Kendler et al32).
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self-ratings (0.45-0.53) alone (eTable 4). Unique envi-
ronmental factors (e2) accounted for the remaining part
of the variance (ie, 18%-23%). When considered sepa-
rately, heritability estimates from the parent-rated data
were approximately 20% higher than those from self-
rated data at ages 16 to 17 and 19 to 20 years, with no
evidence for a significant decline in heritability with in-
creasing age.

Using the combined parent- and self-rated index of
AP, the first genetic factor (A1) explained 77% (0.882)
of the total variance of AP1 by age 8 to 9 years and con-
tinued to impact AP but declined in influence with time,
that is, 41% (0.642) of the variance at age 13 to 14 years,
34% (0.592) at age 16 to 17 years, and 24% (0.492) at age
19 to 20 years. In addition to the temporally stable ge-
netic factor from childhood (age 8-9 years), new sources
of genetic influence on AP emerged at subsequent ages:
the second genetic factor (A2) explained 41% (0.642) of
the variance in AP2 by age 13 to 14 years; A3 explained
25% (0.512) of the variance in AP3 by age 16 to 17 years;

and A4 explained 30% (0.552) of the variance in AP4 by
age 19 to 20 years. These new sources of genetic factors
(A2 and A3) also continued to impact later times. In con-
trast to the genetic factors, the first unique environmen-
tal factor (E1) at age 8 to 9 years attenuated sharply over
time, while the impact of E2 continued over time, sug-
gesting some environmental experiences around pu-
berty have an enduring impact over time.

In addition to the effect of the latent AP factors (AP1-
AP4) on AP, we also examined to what extent the ob-
served parent (P1-P4) and self-ratings (S2-S4) were influ-
enced by the rater-specific effects. The variances of
observed parent (P1-P4 in Figure 1) and self-ratings (S2-
S4) were decomposed into cross-informant effect (�s/p),
rater-specific effect (Fs/p), and rater-specific error (Rs/p).
Standardized parameters from the best-fitting model are
presented in eTable 5.

At the 3 times for which both parent ratings and self-
ratings were available, the �p paths were higher than the
�s paths. That is, the cross-informant factor AP1 to AP4

Table 1. Pearson Correlations for Attention Problems Across Raters and Time

Age, y/
Rater

Age 8-9 y Age 13-14 y Age 16-17 y Age 19-20 y

Parent Parent Self Parent Self Parent Self

8-9/Parent 0.54 0.25 0.43 0.19 0.36 0.07
13-14/Parent 0.39 0.60 0.33 0.45 0.19
13-14/Self 0.31 0.53 0.28 0.36
16-17/Parent 0.38 0.48 0.18
16-17/Self 0.27 0.42
19-20/Parent 0.33
19-20/Self

Table 2. Model Fitting Results for Attention Problems

Model Compared With Model Description BIC �BIC �2ll ��2 (�df ) P Value

1 Full ACE model �43 172.9 9463.1
2 Full ADE model �43 185.4 9438.1
3 2 ADE, no sex effect �43 283.2 �97.8 9486.7 48.6 (34) .05
4a 3 AE, no sex effect �43 302.2 �19.0 9520.4 33.7 (10) �.01

Abbreviations: ACE, additive genetic, shared environmental, and unique environmental; ADE, additive genetic, dominant genetic, and unique environmental;
AE, additive genetic and unique environmental; BIC, Bayesian information criterion; ll, log likelihood.

aBest-fitting model.

Table 3. Parameter Estimates With 95% CIs for the Best-Fitting Model (AP1 to AP4)

Factor
(Age, y)

Genetic Factor, Estimate (95% CI) Unique Environmental Factor, Estimate (95% CI)

Total h2,
% A1 A2 A3 A4

Total e2,
% E1 E2 E3 E4

AP1 (8-9) 77 0.88
(0.76 to 0.99)

23 0.48
(0.04 to 0.65)

AP2 (13-14) 82 0.64
(0.56 to 0.73)

0.64
(0.53 to 0.71)

18 0.17
(�0.06 to 0.48)

0.39
(�0.49 to 0.49)

AP3 (16-17) 82 0.59
(0.50 to 0.67)

0.47
(0.36 to 0.57)

0.51
(0.42 to 0.57)

18 0.09
(�0.09 to 0.48)

0.39
(�0.48 to 0.48)

0.12
(�0.28 to 0.28)

AP4 (19-20) 78 0.49
(0.38 to 0.60)

0.39
(0.24 to 0.53)

0.29
(0.14 to 0.46)

0.55
(0.37 to 0.66)

22 �0.12
(�0.49 to 0.39)

0.25
(0.03 to 0.58)

�0.37
(�0.55 to 0.55)

0.01
(�0.53 to 0.53)

Abbreviations: AP, attention problems; e2, the proportion of variance in AP explained by unique environmental factors; h2, the proportion of variance in AP
explained by genetic factors.
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contributed more to parent-rated AP than to self-rated
AP (Figure 3), suggesting that parent ratings were a bet-
ter index of the shared view of AP than self-ratings. In
contrast to the rater effect on the latent common factors
(AP1-AP4), the rater-specific common factors (Fp and Fs)
were stronger for self-ratings than for parent ratings. At
all times, the common rater-specific factor of parent rat-
ings (Fp: Fp = a2 � c2 � e2) constituted a small propor-
tion of the total variance (6%-24%) in parent-rated AP,
whereas the common rater-specific factor of self-ratings
(Fs) contributed to a nontrivial proportion (26%-70%)
of the variance in self-rated AP. Also, self-ratings in-
cluded a large proportion of rater-specific error effects
(Rs), explaining 8% to 60% of the variance. In contrast,
the rater-specific error effects for the parent ratings were
relatively small in magnitude (0.1%-20%).

COMMENT

The present study found that the shared view of self- and
informant-rated ADHD symptoms, measured using the AP
Scale, was highly heritable in childhood, adolescence, and
early adulthood. This suggests that heritability estimates
for ADHD are stable during the transition from child-
hood into young adulthood and that the previous reports
of low heritability for ADHD symptoms in adults are best
explained by rater effects giving rise to measurement er-
ror, rather than developmental effects. This can also be seen
in the univariate heritability estimates, which showed
greater heritability for the parent-rated measures com-
pared with the self-rated measures, particularly in the late
adolescent and young adult age groups.

Even though one-fourth of the heritability in adult-
hood was shared with childhood manifestations of AP,
indicating the presence of stable genetic risk factors that
influence ADHD symptoms over time, we also found evi-
dence of new genetic factors that emerged during the tran-
sition from child through adolescent to young adult de-
velopment, suggesting that ADHD is a developmentally
complex phenotype characterized by both continuity and
change of the genetic influences across the life span.3,4

To our knowledge, this study is the first to show that
multi-informant ratings of ADHD-related phenotypes in
adults are highly heritable. Our heritability estimate of
AP in adults is in accordance with previous twin studies
using parent or teacher ratings of children and adoles-
cents17,20 but substantially higher than what has been re-
ported in twin studies using self-ratings of AP or ADHD
in childhood38,39 and adulthood.9,10 One possible expla-
nation is the use of multiple informants. Usually in the
basic twin model, the nonshared environmental (E) com-
ponent captures variance due to both unique environ-
mental influences and measurement error. The multi-
informant design, used in the current study, enabled us
to distinguish true unique environmental effects from vari-
ance explained by rater-specific measurement error. Be-
cause the high heritability presented in the current study
was corrected for the unreliability in previous reports by
the use of multiple informants, our results suggest that
recent findings of lower heritability for self-rated ADHD
in adults do not reflect a true drop in the magnitude of

the genetic influences on ADHD in adults, but rather an
increased contribution of measurement error, reflecting
accuracy of the measures. Similar results have been ob-
served in studies of parent-offspring ADHD showing
greater parent-offspring associations with informant re-
port or cognitive performance data than self-ratings.40-42

Of particular interest, our finding of a high cross-
informant heritability estimate for AP in early adult-
hood is consistent with findings from clinical-based fam-
ily studies showing a high familial loading on ADHD
in adults.13,14,16 Taken together, our results indicate that
in twin studies of ADHD symptoms in adults, the use of
multiple informants as compared with self-ratings only
produces heritability estimates more in line with the re-
sults from family studies of clinically referred adult pa-
tients and previous estimates of heritability in children
and adolescents.

The developmental design of this study allowed us not
only to report the cross-sectional heritability estimates
across different ages, but also to distinguish between stable
and changing genetic risk factors during development.
We found evidence of both stable and dynamic genetic
influences over the course of the development from child-
hood into early adulthood, which extends previous stud-
ies of childhood and adolescent ADHD symptoms.17,18,20

The finding that the first genetic factor, operating in child-
hood, explained a moderate amount (24%) of variation
in early adulthood provides strong support for genetic
stability. However, in line with the “developmentally dy-
namic” hypothesis, new sources of genetic effects on AP
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Figure 2. The proportion of the total variance in latent estimation of attention
problems accounted for genetic factors (A) and unique environmental factors
(B) through development.
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emerged over the development (ie, genetic innovation),
and the genetic factors that act in childhood declined in
influence with age (ie, genetic attenuation). Consistent
with the available literature,43-46 our results suggest that
molecular genetic studies of ADHD symptoms in adults
will identify genes that are shared with childhood ADHD
and represent developmentally stable genetic influ-
ences but also those that are newly arising, perhaps in-
volving processes that lead to persistence or remission
of the disorder as children with ADHD grow older. Our
findings regarding the stable and dynamic nature of the
genetic risks may also link to the neurodevelopmental
model of Halperin and colleagues,47,48 which postulates
that ADHD is associated with early-appearing and en-
during subcortical dysfunctions, while persistence over
the course of development is associated with prefron-
tally mediated executive control functions. These 2 fac-
tors may mediate the observed genetic stability and in-
novation, with innovative genetic influences being related
to cortical maturation and the degree of cognitive con-
trol. Future developmental twin studies with neuropsy-
chological data are needed to explore further the extent

to which stable and/or dynamic genetic influences are me-
diated by specific brain functions.

Studies on developmental behavioral problems from
childhood to adulthood face the problem that parent rat-
ings are often considered more accurate than self-ratings
in childhood49 but may underestimate behavioral prob-
lems compared with self-ratings in adulthood (eg, con-
duct problem).50 Our model showed that parent ratings
contributed more strongly to the latent AP factors than self-
ratings and included less measurement error. Therefore,
based on our results and prior research,51,52 we recom-
mend that future follow-up studies of ADHD into adult-
hood should include parent ratings, if possible, in addi-
tion to self-ratings. Data from both types of informants are
particularly important because validation studies of the as-
sessment of ADHD in adults are still inconclusive.53 In ad-
dition, we cannot rule out that self-reports may become
more accurate in older adult samples, even though this
seems unlikely because studies of self-rated ADHD symp-
toms in adults have shown low heritability estimates and
substantial nonshared environmental influences (includ-
ing measurement error).9 Moreover, our results clearly
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Figure 3. Variance components that contribute to the observed ratings of attention problems for parental report (A) and self-report (B).
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showed that a cross-informant measure of ADHD identi-
fies a highly heritable phenotype and that different ge-
netic risk factors account for the heritability at different
stages of development. We therefore propose that longi-
tudinal population-based twin samples using a multi-
informant quantitative trait loci approach represent a pow-
erful strategy, as an alternative to the more frequently used
clinical case-control design, for identifying replicable DNA
variants associations with ADHD.

The results in this study should be considered in the con-
text of its limitations. First, the participation rate at wave
4 was lower than at waves 1 to 3, most likely because many
of the twins moved away from their parents so they were
less likely to receive the questionnaires. Attrition was also
associated with sex (ie, higher in boys) and elevated levels
of childhood AP. It is, thus, possible that the variation of
AP at the extreme is truncated and the results may there-
fore not be generalizable to cases with the most extreme
AP scores. However, it is unlikely that attrition biased the
genetic and environmental parameter estimates, because
the intraclass correlations at baseline (age 8-9 years) were
similar among longitudinal responders and nonre-
sponders. In addition, the sample is representative of the
Swedish population with regard to educational level and
employment status.27 Second, although the parents were
asked to rate their children’s behavioral problems exhib-
ited in the past 6 months, it is possible that ratings in early
adulthood (age 19-20 years) may be influenced by the off-
spring’s behavior at earlier ages. However, this is unlikely
in the current sample since the cross-time correlation for
parent rating between age 16 to 17 years and age 19 to 20
years was not higher than the correlation between age 13
to 14 years and age 16 to 17 years. Third, our measures
(ie, the AP scales on the CBCL and YSR) were not specifi-
cally designed to identify the 2 symptom domains of ADHD
(inattention vs hyperactivity-impulsivity), which may have
constrained possibilities to detect subtype-specific domi-
nant genetic effects.12 Also, some of the items in the AP Scale
are not ADHD specific (eg, acts young, daydreams), and
the AP Scale of ABCL/ASR includes fewer hyperactive-
impulsive items than those of CBCL/YSR. Thus, our find-
ing of new emerging factors may partly reflect differences
across time in the assessment of AP. However, sensitivity
analyses were first conducted using a DSM-oriented ADHD
scale from the empirically based assessment (CBCL, YSR,
ABCL and ASR),54,55 which included more hyperactive-
impulsive items. Similar results were observed, including
high heritability estimates from childhood to early adult-
hood (h2 = 0.71-0.84), genetic stability, and innovation. Fur-
thermore, we refitted the model, but now using a reduced
number of AP items that were available at all times and for
all scales, and similar results were observed. Fourth, some
of the results might be biased because we had only parent
ratings at age 8 to 9 years. To examine this, we first refit-
ted our model, but now only using data from times 2, 3,
and 4, for which both informants were available. In a sec-
ond step, we fitted a basic Cholesky model directly on our
7 observed measurements. The results from these 2 mod-
els showed a similar pattern as what we have described in
this article. Fifth, the current sample is a Swedish birth co-
hort, and the extent to which the results could extrapolate
to other populations has yet to be examined.

In conclusion, we have demonstrated, using multi-
informant assessments, that ADHD symptoms, as mea-
sured using the AP Scale and capturing the shared view
of parents and self-ratings, are highly heritable from child-
hood into early adulthood. We also show that the devel-
opmental structure of genetic risk factors for AP is best
explained by both stable and dynamic processes. The
stable component of the genetic risk suggests, consis-
tent with prior studies,17,18,20 that persistent ADHD and
its pediatric form are genetically linked.
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