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Increasing Phenotypic and Genetic variations in
Hyperactivity/Inattention Problems from Age 3 to
13 Years: A Cross-Sectional Twin Study

Yoon-Mi Hur
Department of Education, Mokpo National University, South Korea

A twin design was used to examine the developmental nature of genetic, environmental, and phenotypic
variations in hyperactivity and inattention problems (HIP). Mothers of 662 complete pairs of twins (273
monozygotic [MZ] pairs and 389 dizygotic [DZ] pairs) aged from 3 to 13 years (mean [SD] age = 8.3
[2.9] years) responded to the items of the HIP scale of the Strengths and Difficulties questionnaire via
a telephone interview. Maximum likelihood MZ and DZ twin correlations in the total sample were 0.47
(95% CI: 0.37–0.55) and −0.01 (95% CI: −0.11–0.09). A standard univariate model incorporating age as
a modifier was applied to the raw data. Results of model-fitting analyses showed that the phenotypic
variation of HIP monotonically increased from age 3 to age 12 and that this increase was completely due
to an increase in genetic variance, suggesting that it is genes that expand individual difference in ADHD
symptoms with age during childhood. Child-specific environmental variance was constant during this age
period. In terms of relative influences, total genetic factors increased from 33% (95% CI: 27–44%) at age 3
to 51% (95% CI: 28–71%) at age 13 and this increase was accompanied by a decrease in relative influences
of child-specific environmental factors from 67% (95% CI: 56–73%) at age 3 to 49% (95% CI: 29–72%) at
age 13. These estimates of genetic influences were somewhat lower than those found in most twin studies
of ADHD symptoms. However, the increasing trend of genetic influences with age during childhood was
consistent with the results of a recent meta-analysis of ADHD symptoms.
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Hyperactivity and inattention are core symptoms of Atten-
tion Deficit/Hyperactivity Disorder (ADHD), one of the
most commonly diagnosed neurobehavioral disorders of
childhood (American Psychiatric Association, 2000). Hy-
peractivity and inattention problems (HIP) are known to
be associated with difficulties in adjustment during child-
hood and adolescence, such as academic failures and prob-
lems with peer and family relationships (Taylor, 1994). The
worldwide-pooled prevalence of ADHD in children has
been estimated to be 5.29% (95% CI: 5.01–5.56; Polanczyk
et al., 2007). Twin and family studies have suggested that
HIP are strongly heritable. However, heritability estimates
reported in the literature vary considerably: Depending on
age of the sample, raters and measures used in the study, and
whether twins are rated by the same or different informants
and in the same or different contexts, heritability estimates
were found to be up to about 80% (Chang et al., 2013, Fre-
itag et al., 2010; Hay et al., 2007; Kan et al., 2014; Rietveld
et al., 2004). Shared family environmental influences were

negligible, and environmental influences on HIP were pre-
dominantly of the non-shared type; that is, environmental
factors specific to each child (Nikolas & Burt, 2010). The im-
portance of dominance genetic effects were also suggested
(Nikolas & Burt, 2010). However, several researchers have
argued that rater bias may partly represent dominance ge-
netic effects found in childhood HIP (Rietveld et al., 2003;
Saudino et al., 2000; Simonoff et al., 1998).

HIP typically begin during childhood, but they can start
during adolescence as well, and persist into adulthood
(Faraone et al., 2006). There are large individual differences
in the developmental pattern of HIP, where the problems
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increase from childhood to adolescence in some children,
but diminish over time in others (Robbers et al., 2011).
These complex developmental trajectories suggest that ge-
netic and environmental sources of HIP may change during
childhood and adolescence. Several longitudinal studies of
HIP examined whether genetic and environmental influ-
ences continue or change across development. For exam-
ple, Larsson et al. (2004) studied the developmental change
of ADHD in a nationwide longitudinal sample of Swedish
twins at two points of measurement: 8 to 9 years, and 13 to
14 years. Significant heritabilities in ADHD symptoms were
found at both time points, with the estimates being 68% for
girls and 35% for boys at wave 1, and 74% for boys and 61%
for girls at wave 2. Continuity, as well as changes in symp-
toms over the 5-year period, was also demonstrated. The
continuity was mainly due to the same genetic effects oper-
ating at both time points, whereas changes were attributable
to new genetic and new child-specific environmental factors
that emerged during early adolescence.

In another large longitudinal sample, Rietveld et al.
(2004) analyzed genetic and environmental influences on
Overactivity (OA) and Attention Problems (AP) in the
Child Behavior Checklist (CBCL), measured at ages 3, 7,
10, and 12 years. The scores of OA and AP from age 3 to age
12 years remained stable, which was largely due to additive
genetic influences common across the age groups studied.
The estimate of heritability at each age group was the same
(approximately 75%). However, the genetic overlap across
the age groups was not complete, suggesting that new ge-
netic influences may show up during development. These
results were close to the findings from a large, longitudinal
study of UK twins (Kuntsi et al., 2005) where the Revised
Rutter Parent Scale for Pre-School Children, Strengths and
Difficulties Questionnaire (SDQ) used in the present study,
and Conners’ DSM-IV ADHD Symptom Scores were given
to twins at ages 2, 3, 4, 7, and 8 years. Heritability estimates
at each age were substantial and phenotypic correlations
across the age groups were significant, indicating stability
of the symptoms. Longitudinal analyses revealed that shared
genetic influences largely explained the phenotypic stabil-
ity (59% to 96%). Child-specific environmental influences
overall were small and contributed more toward change
than stability across age groups. Cholesky decomposition
analyses confirmed that at each age, new genetic influences
showed up. The authors also found that the magnitudes of
genetic and environmental influences on ADHD symptoms
were similar in boys and girls.

Although most longitudinal twin studies demonstrated
emergence of new genetic and new child-specific environ-
mental effects on HIP during childhood and adolescence,
very few twin studies thus far have paid attention to the is-
sue of whether phenotypic variation of HIP becomes larger
with these increasing genetic and environmental effects, as
most twin studies have focused on relative influences of
genetic and environmental factors in HIP. Indeed, a gen-

eral increase of phenotypic variation of HIP with age was
reported in Kunti et al. (2005; see Table 4) and Rietveld et al.
(2004; see Table 2).

During childhood and adolescence, children may be-
come more variable on HIP with increasing age as a result of
accumulation of experiences, such as transition to school,
academic challenges, and development of social relation-
ships with peers, teachers, and others outside the family.
Behavioral genetic methods allow us to explain underlying
causes of age differences in phenotypic variabilities by par-
titioning the total variance into genetic and environmental
sources. There are two aims in the present study: (1) to
investigate whether phenotypic variance in HIP increases
from early childhood to early adolescence, and if so, (2) to
explore genetic and environmental sources associated with
the increases in the phenotypic variance.

Methods
Sample

The present sample consisted of 662 complete pairs of twins
(273 monozygotic [MZ] pairs and 389 dizygotic [DZ] pairs)
drawn from the South Korean Twin Registry (SKTR; Hur
et al., 2013). The SKTR is a nationwide volunteer twin reg-
istry that includes twins from infants to young adults. In the
SKTR, twins are mainly recruited from schools, large ma-
ternity hospitals, and twin mothers’ clubs on the internet.
Higher number of DZ than MZ twins in the present sample
reflected a recent sharp increase of DZ twin births in South
Korea (Hur & Song, 2009). Twins used in the present study
ranged in age from 3 years to 13 years (mean = 8.3 years,
SD = 2.9 years; see Table 1).

Twins’ zygosity was determined from mothers’ responses
to a zygosity questionnaire that includes questions regard-
ing physical similarities and frequency of confusion of the
twins by family members and others (Ooki et al., 1993). To
minimize misclassification of zygosity, we excluded twins
whose zygosity was ambiguous.

Measure

To measure the HIP of twins, a Korean version of the SDQ
(Ahn et al., 2003; Goodman, 1997) was given to moth-
ers of twins through a telephone interview. SDQ is one of
the most commonly used instruments to measure men-
tal health problems in children and adolescents aged from
3 to 17 years, and has been translated into over 70 lan-
guages worldwide. It includes 25 items to represent five
scales (Emotional Problems, Peer Problems, Hyperactiv-
ity/Inattention Problems, Conduct Problems, and Proso-
cial Behavior). Confirmatory factor analyses based on the
item covariance matrix has shown the five-factor solution
in line with the five scales of the SDQ and the factor load-
ings were shown to be generally similar across different
age groups (Stone et al., 2010). A review that examined 48
studies (N = 131,223) regarding psychometric properties
of the SDQ made a conclusion that internal consistency and
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TABLE 1

Sample Size, Mean (SD) for Age, and Maximum Likelihood MZ and DZ Twin
Correlations and Mean (SD) for Hyperactivity and Inattention Problems (HIP)

Sex MZ DZ Total

N M 298 435 733
F 248 345 593

Age in years
Mean (SD) M 8.85 (2.83) 7.92 (2.88) 8.89 (2.89)

F 9.46 (2.97) 8.17 (2.85) 8.89 (2.90)
HIP
Mean (SD) M 3.75 (2.66) 3.49 (2.61) 3.60 (2.63)

F 2.49 (2.14) 2.21 (2.16) 2.32 (2.22)
r 0.47 (95%CI: 0.37–0.55) −0.01 (95%CI: −0.11–0.09)

Note: MZ = monozygotic twins, DZ = dizygotic twins, M = male, F = female.

HIP1 HIP2

D A EAE

MZr = 1.0, DZr = 0.5 

M MmM + mM

e + eM

A D

MZr = 1.0, DZr = 0.25

d+ dM
a+ aM a + aM

d+ dM
e+ eM

FIGURE 1

Additive genetic (A), nonadditive genetic (D), and child-specific environment and error (E) effects on the scores of the HIP. Subscripts
1 and 2 refer to the first- and the second-born twin, respectively. Note: HIP = Hyperactivity and Inattention Problems. M = moderator
(age), � = regression coefficient for M.

test–retest reliabilities and validity of the five scales are sat-
isfactory across different age groups and sexes (Stone et al.,
2010).

The HIP scale of the SDQ includes five items: ‘Restless,
overactive, cannot stay still for long’; ‘Constantly fidgeting
or squirming; easily distracted’, ‘Concentration wanders;
thinks things out before acting’; ‘See work through to the
end, good attention span’. Mothers of twins were asked to
rate each item on a 3-point Likert scale (0 = not true, 1 =
somewhat true, 2 = certainly true). The internal consistency
reliability of the five items was 0.75 in the present sample.

Statistical Analyses

A standard univariate twin model incorporating age as a
moderator (age-moderation model) was applied to the raw
data (Figure 1; Purcell, 2002). The age-moderation model
includes additive genetic factors (A) (i.e., the sum of the
average effect of all alleles that influence a trait), nonaddi-
tive genetic factors (D) (i.e., the effect of alleles arising from
intralocus and interlocus interactions, and child-specific
environmental factors, and (E) (i.e., those environmen-
tal factors unique to each member of a twin pair and

measurement error). Shared environmental factors were
not included in the model because twin correlations (see
Table 1) suggested no evidence for shared environmental
factors for HIP, which was consistent with literature of
ADHD symptoms. Additive genetic factors (A) are set to
be correlated at 1.0 and 0.5 for MZ and DZ twins, respec-
tively, and nonadditive genetic factors (D), at 1.0 and 0.25,
respectively. Nonshared environmental factors (E) are un-
correlated between two members of a twin pair.

The age-moderation model includes the standard paths,
a, d, and e, indicating the magnitude of moderation effects
related to A, D, and E, respectively, which are allowed to vary
as a function of a moderator, age (M). The phenotypic vari-
ance (Vp) in the age-moderation model can be expressed
as: Vp = (a + ��M)2 + (d + �dM)2 + (e + �eM)2. In
this equation, ��, �d, and �e represent the magnitude of
the moderating effects associated with A, D, and E, respec-
tively. Thus, for example, if �� is significantly different from
zero, then the influence of additive genetic factors varies as a
function of age. The same applies to �d and �e. In addition,
we allowed a� + �mM to represent the main effects of age
on HIP.
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TABLE 2

Model-Fitting Results

Model Description -2LL AIC df �-2LL �df p

Full A, D, E, a, d, e 3687.8 1055.8 1316
1 A, E, a, e 3698.8 1062.8 1316 10.9 2 .00
2 A, D, E, d, e 3687.8 1053.8 1317 0 1 1.00
3 A, D, E, e 3697.0 1061.0 1318 9.1 2 .01
4 A, D, E, d 3692.3 1056.3 1318 4.4 2 .11
5 A, D, E 3697.0 1059.0 1319 9.1 3 .03

Note: A = additive genetic effects, D = nonadditive genetic effects, E = child- specific environmental
effects including measurement error, a = age moderator on additive genetic effects, d = age
moderator on nonadditive genetic effects, e = age moderator on child-specific environmental
effects. LL = log likelihood. The best-fitting model is indicated in bold type.

The maximum likelihood raw data option in Mx (Neale
et al., 2003) was used in our model-fitting analyses. Mx
calculates twice the negative log-likelihood (-2LL) of the
data. As the difference in −2LL is chi-square distributed,
when models were nested to each other, the likelihood ratio
test (LRT) was used to evaluate alternative models. When
models were not nested to each other, Akaike’s information
criterion (AIC = −2LL − 2df) for alternative models were
compared. Models having lower AIC are considered more
parsimonious, and thus preferred (Akaike, 1987). A satu-
rated model was created for a baseline comparison. In the
saturated model, means, variances, and covariances were
set to vary across zygosity groups. To determine the best-
fitting, most parsimonious model, parameters in the full
model were constrained, and the resulting goodness-of-fit
of the reduced models were compared with that of the full
model.

Results
Descriptive Statistics and Twin Correlations

The distribution of HIP was somewhat positively skewed
with a skewness of 0.79 and a kurtosis of −0.12. However,
as the skewness and kurtosis were not seriously high, trans-
formation of the score was not necessary. Means and SDs
of HIP for MZ and DZ twins are presented in Table 1. Age
was not significantly correlated with the score of HIP in the
present sample. However, males had higher mean score and
variance than females for HIP. (t = 9.7, p < .01; F = 41.9,
p < .01). Within each sex, twins were not significantly dif-
ferent across zygosity groups in the mean level or variance
of HIP, indicating the absence of zygosity effects. No signif-
icant mean or variance difference was found between the
first- and the second-born twins, suggesting no birth order
effects on HIP. Overall, these results fulfilled assumptions
for analysis of twin data.

Maximum likelihood MZ and DZ twin correlations were
0.47 (95% CI: 0.37–0.55) and −0.01 (95% CI: −0.11–0.09),
respectively (Table 1). This pattern of twin correlations sug-
gested the importance of genetic influences on HIP. In ad-
dition, much lower DZ than half of MZ twin correlations

indicated the presence of nonadditive genetic rather than
shared environmental factors in HIP.

Model-Fitting Analyses

Selection of the best-fitting model. The difference in
−2LL between the saturated and the full model was not sig-
nificant (�X2 = 6.6, �df = 6, p > .25), indicating that the
restrictions made in the full model are acceptable. Table 2
provides goodness-of-fit indices of the full model and its
nested models. Non-additive genetic factors (D) and the
associated age moderator (d) were first removed simulta-
neously from the full model (Model 1). This procedure
significantly worsened the model-fit. In Model 2, the age
moderator on additive genetic factors (a) was eliminated
from the full model, which resulted in a non-significant
change in −2LL. Next, the age moderator on non-additive
genetic factors (d) and child-specific environmental factors
(e) was individually removed from Model 2. A significant
change in −2LL occurred in the former (Model 3) but
not in the latter procedure (Model 4), suggesting that it
is necessary to retain the age moderator on non-additive
genetic factors (d). From these model comparisons, it was
concluded that Model 4 was the best-fitting one, where
the age moderator on nonadditive genetic factors (d), in
addition to additive and nonadditive genetic factors (A)
and (D) and child-specific environmental factors including
measurement error (E), remained significant. One should
note that A was not removed from the full model because
it has been argued that an extreme amount of nonadditive
genetic effects with no effects of additive genes is unlikely
to explain genetic variance for complex traits (Eaves, 1988).

Parameter estimates in the best-fitting model. Figures 2
and 3, respectively, present graphical descriptions of un-
standardized and standardized variance components in the
best-fitting model for HIP. It should be emphasized that as
the present sample did not have sufficient statistical power
to distinguish between additive and nonadditive genetic
variance, all genetic variance was absorbed into nonaddi-
tive variance component, leading the estimate of additive
genetic variance to be zero. For this reason, additive and
nonadditive genetic variances were summed to represent

548 TWIN RESEARCH AND HUMAN GENETICS

https://doi.org/10.1017/thg.2014.61 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2014.61


Age Differences in Hyperactivity and Inattention Problems

0

0.2

0.4

0.6

0.8

1

1.2

1.4

3 4 5 6 7 8 9 10 11 12 13

H
IP

Age in Years

FIGURE 2

Unstandardized variance of additive and nonadditive genetic factors (A+D; black area) and child-specific environmental factors including
measurement error (E; grey area) and total phenotypic variance in Hyperactivity and Inattention Problems from age 3 to 13 years.
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(E) in Hyperactivity and Inattention Problems from age 3 to 13 years.
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broad-sense heritability, that is, total genetic variance in
Figures 2 and 3. Figure 2 shows that total phenotypic vari-
ance for HIP increased from 0.85 at age 3 years to 1.15 at
age 13 years. A parallel increase occurred in total genetic
variance (A+D) from 0.28 at age 3 years to 0.58 at age 13
years, whereas child-specific environmental variance (0.57)
was constant during this period. These results indicated
that the increase in the phenotypic variance of HIP was due
completely to an increase in total genetic variance.

In terms of relative influences, total genetic factors in-
creased from 33% (95% CI: 27–44%) at age 3 to 51% (95%
CI: 28–71%) at age 13, and this increase was accompanied
by a decrease in relative influences of child-specific envi-
ronmental factors from 67% (95% CI: 56–73%) at age 3 to
49% (95% CI: 29–72%) at age 13 (Figure 3).

Discussion
The present study showed that individual differences in HIP
monotonically increased from early childhood to early ado-
lescence and that this increase was driven almost exclusively
by an increase in genetic differences. These findings support
the results from prior longitudinal twin studies that demon-
strated emergence of additional genetic factors across devel-
opment (Kuntsi et al., 2005; Rietveld et al., 2004). Increas-
ing genetic variation found in the present cross-sectional
examination may represent additional genetic risk factors
that emerged with age, reported in previous longitudinal
analyses of childhood twins. Note, however, that the in-
creasing trend of genetic and phenotypic variance of HIP
may not be observed in adulthood. In a review of findings
on ADHD symptoms in Dutch twin children, adolescents,
and adults, Kan et al. (2013) reported a notable decrease in
genetic variance in adulthood.

The estimates of relative influences of genetic factors
found in this study are generally at the lower side of those
reported in twin studies of ADHD symptoms. Although
the internal consistency reliability of the HIP scale in the
present sample was acceptable (� = 0.75), the number of
items in the scale was short, and thus, the scale was lim-
ited in measuring HIP, which may have contributed to high
child-specific environmental influences found in this study.
Replications of the present findings with different instru-
ments, as well as larger samples, are clearly necessary. Note,
however, that the increasing pattern of relative influences of
genetic factors with age reported in this study is consistent
with the results of a recent meta-analysis of ADHD symp-
toms (Nikolas & Burt, 2010). Nikolas and Burt reviewed
approximately 80 published twin and adoption studies of
inattention and hyperactivity and concluded that relative
influences of total genetic factors (A+D) increased from
62% in early childhood (0–5 years) to 74% in late child-
hood (6–11 years) for inattention, and from 66% to 82% in
the corresponding age groups for hyperactivity.

Genetic variance for the increase in HIP from early child-
hood to early adolescence may in part represent the ge-
netic covariance of HIP with many other psychological and
psychiatric traits. It is well established that ADHD symp-
toms are correlated with many psychiatric and psycholog-
ical traits. For example, a population-based twin study re-
ported that up to 90% of the children with ADHD were
affected by at least one comorbid disorder (Willcutt et al.,
1999). In addition, ADHD symptoms have been shown
to be correlated with IQ (Kuntsi et al., 2004), tempera-
ment (Kerekes et al., 2013), and mood (Cole et al., 2009)
among others. It is well documented that heritability for
these traits tend to increase from childhood to adolescence
(Plomin et al., 2001). Thus, some of the genetic variance
increasing with age found in the present study may include
increasing genetic variances for these correlates of ADHD
symptoms. Indeed, recent twin studies showed that com-
mon genetic factors substantially underlie the relationship
of ADHD with ODD/CD (Nadder et al., 2002) and with IQ
(Kuntsi et al., 2004). More multivariate twin studies using
ADHD symptoms and related psychological and psychiatric
traits are necessary to elucidate the nature of the increase in
genetic variance in HIP from childhood to early adolescence
found in the present sample.

Although the results of GWAS and candidate gene stud-
ies of ADHD thus far were not consistent, recent reviews
(Faraone & Mick, 2011; Thapar et al., 2012) concluded that
the dopamine transporter genes DAT1 and SLC6A3, the
dopamine receptor genes DRD4 and DRD5 and SNAP25
on chromosome 20p12, and the serotonin receptor gene-
HTR1B may be associated with the susceptibility to ADHD.
The reviews further suggested that many genes of small ef-
fect size may influence the risk of ADHD. The increase of
genetic variance with increasing age found in the present
study supports the presence of age-specific genes for ADHD,
emphasizing that it is important for molecular genetic re-
searchers to search genes for ADHD using subjects at a sim-
ilar developmental stage. The present results also suggest
that in developing intervention and prevention programs
for ADHD for children and adolescents, age should be in-
corporated for the programs to be more effective.

There are several limitations in the present study. First,
only maternal rating was used to measure twins’ HIP. Moth-
ers have been reported to exaggerate dissimilarity of DZ
twins (sibling-contrast effects), which may have caused
overestimation of nonadditive genetic contributions and
underestimations of shared environmental contributions
to HIP (Saudino et al., 2000). Sibling-contrast effects are
often manifested with larger DZ than MZ twin variances
and strong negative DZ twin correlations. In the present
study, the variance of HIP was not significantly different
between MZ and DZ twins, and DZ twin correlation was
−0.01 (Table 1), suggesting that the effects may not be very
serious. However, future investigations should employ mul-
tiple raters to determine the extent to which sibling contrast
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effects influence parameter estimates. Second, the model
used in this study assumed no genotype-environment in-
teractions or correlations for HIP. However, recent evidence
suggested that environmental adversity increased genetic
risk for externalizing problems in adolescents (Hicks et al.,
2009). Thus, future studies will have to incorporate en-
vironmental variables in the model to better understand
genetic and environmental etiologies of ADHD symptoms
during childhood and adolescence. Third, the present study
is a cross-sectional rather than longitudinal examination.
However, the age was treated as a continuous rather than
categorical variable, which can provide the most sensitive
test for age differences in genetic, environmental, and phe-
notypic variation in HIP during childhood and early ado-
lescence. Finally, the size of the present twin sample was not
large enough to fit the age-moderation model separately for
males and females, which could increase our understand-
ing of the source of sex difference in the variance of HIP.
However, several prior twin studies of ADHD symptoms
demonstrated none or relatively small sex differences in the
magnitudes of genetic and environmental influences dur-
ing childhood and adolescence (Kuntsi et al., 2005; Rietveld
et al., 2004).
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