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Abstract

Emotional and behavioural problems in childhood and adolescence can be chronic and are
predictive of future psychiatric problems. Understanding what factors drive the development and
maintenance of these problems is therefore crucial. Longitudinal behavioural genetic studies using
twin, sibling or adoption data can be used to explore the developmental aetiology of stability and
change in childhood and adolescent psychopathology. We present a systematic review of
longitudinal, behavioural genetic analyses of emational and behavioural problems between ages 0
to 18 years. We identified 58 studies, of which 19 examined emotional problems, 30 examined
behavioural problems, and 9 examined both. In the majority of studies, stability in emotional and
behavioural problems was primarily genetically influenced. Stable environmental factors were also
widely found, although these typically played a smaller role. Both genetic and environmental
factors were involved in change across development. We discuss the findings in the context of the
wider developmental literature and make recommendations for future research.
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Introduction

Early-life emotional and behavioural problems constitute an important risk factor for future
mental and physical health problems (e.g., Bardone et al., 1998; Harrington, Fudge, Rutter,
Pickles, & Hill, 1990; Hofstra, van der Ende, & Verhulst, 2000, 2002; Kim-Cohen et al.,
2003). However, these problems can begin to pose difficulties to individuals and their
families from the moment they emerge in childhood or adolescence, with potential for
associated disruption across a wide range of social, cognitive and educational domains
(Eisenberg, Fabes, Guthrie, & Reiser, 2000; Hinshaw, 1992; Larsson & Frisk, 1999; McLeod
& Kaiser, 2004). Studying the aetiology of the emergence and continuity of emotional and
behavioural problems across development therefore has important implications for both
current difficulty and future risk. First, identifying the importance of different aetiological
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factors at different stages of development can inform as to the optimal nature and timing of
interventions. Second, understanding how childhood emotional and behavioural problems
emerge and are maintained may help to clarify the pathways by which risk for future mental
health problems is mediated.

Emotional and behavioural problems across childhood and adolescence

Emotional problems (often termed /nternalising problems) include anxiety, depression and
associated symptoms and behaviours. Emotional problems are highly prevalent in childhood
and adolescence (Costello, Mustillo, Erkanli, Keeler, & Angold, 2003; Merikangas, He,
Brody, et al., 2010), with recent figures estimating lifetime prevalence at age 18 as high as
14.3% for mood disorders and 31.9% for anxiety disorders (Merikangas, He, Burstein, et al.,
2010). In both cases, females (18% and 28% respectively) experience a greater number of
emotional problems than males (10.5% and 26.1% respectively). Emotional problems begin
early, with mean onset in childhood for anxiety disorders (Kessler, Chiu, Demler,
Merikangas, & Walters, 2005) and early adolescence for depressive disorders (Kovacs &
Devlin, 1998). Furthermore, temperamental factors, such as behavioural inhibition, that are
associated with the development of emotional problems, are in evidence from very early in
childhood (Caspi, Henry, McGee, Moffitt, & Silva, 1995; Degnan, Almas, & Fox, 2010;
Rapee, Schniering, & Hudson, 2009). Individuals who experience emotional problems in
childhood and adolescence are at a significantly increased risk of developing subsequent
psychiatric problems in young adulthood and beyond (e.g., anxiety: Gregory et al., 2007;
addiction: Lopez, Turner, & Saavedra, 2005; mood disorders: Roza, Hofstra, VVan Der Ende,
& Verhulst, 2003; suicidality: Weissman et al., 1999).

Behavioural (or externalising) problems include difficulties associated with attention,
hyperactivity, conduct problems, aggression and antisocial behaviour. They are highly
prevalent across both childhood and adolescence, with 20-23% of children estimated to
experience a behavioural disorder by age 16 years (Costello et al., 2003; Merikangas, He,
Burstein, et al., 2010). The high prevalence of behavioural problems is particularly driven by
attention-deficit hyperactivity disorder (ADHD) and conduct problems, which have been
shown to have 12-month prevalence rates of 8.6% and 2.1% respectively during middle
childhood and adolescence (Merikangas, He, Brody, et al., 2010). In contrast to emotional
problems, behavioural disorders are more common in males (23.5%) than females (15.5%;
lifetime prevalence of any behavioural disorder at age 18; Merikangas, He, Burstein, et al.,
2010). Behavioural disorders vary relatively widely across childhood and adolescence in
terms of their age-of-onset (Kessler, Berglund, et al., 2005). However, temperamental
dispositions that are predictive of later behavioural problems are again reliably observable
very early in development (e.g. aggression: Tremblay et al., 2005).

Stability of psychopathological traits across development, sometimes referred to as
homotypic continuity, is moderate for both emotional (Ollendick & King, 1994; Weems,
2008) and behavioural problems (Hofstra et al., 2000; Klein, Otto, Fuchs, Reibiger, & von
Klitzing, 2015; Verhulst & van der Ende, 1995). While homotypic continuity is evident from
early in development (e.g., Anselmi et al., 2008; Bufferd, Dougherty, Carlson, Rose, &
Klein, 2012), it is typically thought to increase during adolescence for both emotional
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(Costello et al., 2003; Ferdinand, Dieleman, Ormel, & Verhulst, 2007) and behavioural
problems (Copeland, Shanahan, Costello, & Angold, 2009; Mesman & Koot, 2001;
Sourander & Helsteld, 2005). However, the developmental presentation of emotional and
behavioural problems is also characterised by change. Both childhood and adolescence are
periods of extensive brain maturation, accompanied by profound changes in the social
environment as well as in hormonal and physical development (Blakemore, 2008; Paus,
Keshavan, & Giedd, 2008). Emotional and behavioural problems in childhood may therefore
present in very different ways to these same problems in adolescence. Specifically,
adolescence may be a period of phenotypic differentiation for emotional problems, with the
generalised emotional problems that characterise earlier ages disaggregating, increasingly,
into distinguishable mood and anxiety disorders (Cicchetti & Rogosch, 2002; Hallett,
Ronald, Rijsdijk, & Eley, 2009; Waszczuk, Zavos, Gregory, & Eley, 2014). Depressive
symptoms, in particular, are seen to increase after the onset of adolescence (Dekker et al.,
2007; Ge, Conger, & Elder, 2001), driving an increase in the incidence of depression that is
accompanied by the emergence of significant gender differences (Hankin et al., 1998;
Thapar, Collishaw, Pine, & Thapar, 2012). Patterns are mixed across the traits underpinning
behavioural problems in development, with mean levels of some externalising behaviours
increasing in adolescence (e.g., status violations: Bongers, Koot, Ende, & Verhulst, 2004;
antisocial behaviour: Moffitt, 1993) and others decreasing (e.g., aggression: Bongers et al.,
2004; ADHD symptoms: Rutter, Kim-Cohen, & Maughan, 2006). In general, for both
emotional and behavioural problems, there is evidence that the stability of relevant traits is
disrupted during adolescence in particular (Hofstra et al., 2000).

Genetic influence on emotional and behavioural problems in development

The study of emotional and behavioural problems in childhood is complicated by the
complex entanglement of genetic and environmental factors that underpin them (Rutter &
Silberg, 2002; Rutter, 2004). Behavioural genetic designs can be used to unpick the
aetiology of behavioural phenotypes and identify the relative contributions of genetic and
environmental factors (Jaffee, Price, & Reyes, 2013; Rijsdijk & Sham, 2002; Turkheimer,
2000). In the context of this review, we use 'behavioural genetic designs' to refer to studies
using genetically informative data from twin, sibling or adoption samples, where
information about the differing degrees of genetic relatedness between participants within a
sample - for example, identical and non-identical twin pairs - can be used to decompose the
sources of variance in individuals' scores on quantitative measures of behaviour. Structural
equation modelling of these data is used to produce estimates of the genetic and
environmental influence on a given behaviour (Plomin, DeFries, Knopik, & Neiderhiser,
2013; Rijsdijk & Sham, 2002). These estimates, including the estimate of heritability, are
population-level statistics that apply to the group from which the individuals were drawn. As
such, they can only be used to make inferences about the aetiological origins of differences
between individuals in a given population, rather than having an interpretable meaning for
any one individual.

Genetically informative studies of measures of emotional and behavioural problems are
numerous, and have typically shown that both genetic and environmental factors are
important in their development (Burt, 2014; Lau & Eley, 2010; Rhee & Waldman, 2002;
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Rice, Harold, & Thapar, 2002; Rutter, Silberg, O'Connor, & Simonoff, 1999). Cross-
sectional behavioural genetic estimates for measures of both emotional and behavioural
problems tend to show age-related increases in heritability, suggesting that their aetiological
architecture is not fixed across development (Bergen, Gardner, & Kendler, 2007). In some
cases, increases in heritability may reflect relative decreases in the influence of (especially
shared) environmental factors (e.g., Lamb et al., 2010; Scourfield et al., 2003). However,
changes in the specific nature of the genetic and environmental influences that operate at
different ages are also possible. For example, genetic innovation is observed when new
genetic factors come online to influence emotional or behavioural problems
developmentally. In this way, certain genes may only function from adolescence onwards.
The influence of these new genetic factors may or may not result in an increase in
heritability, depending on the extent to which earlier factors become less influential over
time - a process termed genetic attenuation (Kendler, Gardner, Annas, et al., 2008). Different
genetic influences may become influential as different behaviours and cognitive processes
become involved in driving the symptoms of emotional and behavioural problems at
different stages of development.

Studies that combine genetically informative data with developmental context are crucial in
developing our understanding of the emergence and persistence of emotional and
behavioural problems in development. Longitudinal behavioural genetic designs are, thus,
ideally suited to the developmental study of psychopathology. With data collected from the
same individuals at multiple time points, it is possible to estimate the extent to which various
aetiological influences operate stably, contributing to continuity in the phenotype over time,
or innovatively, driving phenotypic change (Boomsma, Busjahn, & Peltonen, 2002). In this
way, developmental questions concerning the extent of continuity or discontinuity of various
emotional and behavioural problems in childhood and adolescence can be expanded to
address the aetiological nature of the developmental patterns that are observed. These
longitudinal, behavioural genetic studies of emotional and behavioural problems in
childhood and adolescence are the subject of this review.

The current review

The aim of the current review is to systematically collate, present and appraise the evidence
regarding aetiological contributions to stability and change in emotional and behavioural
problems in childhood and adolescence. In particular, this review will provide an overview
of the degree of convergence of results on the sources of phenotypic stability and change
across different samples, measures and modelling strategies. By reviewing studies of
emotional and behavioural problems together, with a strict focus on the sources of variance
in homotypic continuity and discontinuity, we aim to answer two interrelated questions.
First: to what extent is phenotypic stability in childhood and adolescent psychopathology
underpinned by genetic versus environmental factors? Second: to what extent are the genetic
and environmental influences upon emotional and behavioural problems stable versus
innovative across development?
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Method

Search strategy

The literature search was performed using OvidSP on the following databases: Ovid
Medline (1946 - April 2015); Embase (1947 - April 2015); PsycINFO (1806 - April 2015);
Journals@Ovid Full Text (April 2015 update) and PsycARTICLES Full Text. \We ran the
searches for emotional and behavioural problems separately. Search terms for emotional
problems were as follows: depress*, mood, emotion*, affective disorder¥, internali*, anxi%,
worry, fear*, obses*, compul*, OCD, panic, phobi*, inhibit*, shy* withdrawn, somatic.
Search terms for behavioural problems were: behav*, attenti*, inattenti* externalising,
externalizing, conduct disorder*, ADHD?*, hyperactiv®, impuls*, disruptive*, problem*,
aggress*, violen*, crimin®, deviant*, delinquen*, oppositional, ODD. Both searches also
included terms designed to produce a list of results that used genetic methods (genes,
genetic*, aetiolog*, etiolog*, twin*, adopt*, hertiab®) applied longitudinally (/ongitudinal,
stab*, change*, innovat*, continuity, development?, child* & adolescen*). Age criteria were
only applied during manual screening to avoid missing relevant studies that did not include
‘childhood' or ‘adolescence’ in their titles. Additional search steps included scanning of the
reference lists of recent studies (since 2010), and manual searches of journals containing the
more than 5 of the studies identified via the database searches. This allowed us to reduce the
possibility of non-indexed studies being missed.

Inclusion criteria

Studies were required to meet the following criteria for inclusion in this review:

1. The results must have been presented as a full paper published in a peer-reviewed
journalt
2. The study design was required to include longitudinal, behavioural genetic

analysis of data. Studies using other genetic designs (e.g., molecular genetic
studies) were excluded. Studies using genetically informative data with designs
that do not examine genetic influence (e.g., monozygotic twin differences) were
also excluded.

3. Studies had to include any measure of at least one childhood emotional or
behavioural problem. Phenotypes for inclusion were:

. Emotional problems. depression or depressive symptoms; mood
disorders; anxiety; worry; fear; obsessive-compulsive behaviours; panic
symptoms; phobias; shyness; inhibition; general emotional problems,
somatic complaints.

. Behavioural problems: attention problems; hyperactivity; violent
behaviour; conduct disorder; aggression; delinquency; peer deviance;
criminality; general behavioural problems

lone exception was made to this criterion, in the case of a relevant study (Waszczuk, Zavos, Gregory, & Eley, 2016), the forthcoming
publication of which we were aware due to the involvement of some of the authors of this review. We opted to include the results of
this study in anticipation of publication at a similar time to this review.
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4, Phenotypes must have been measured at least twice between the ages of 0 and 18
years, with data analysed longitudinally between these ages. Studies meeting
these criteria but with further waves of measurement beyond the age of 18 years
were included, with only results from waves within the 0-18 range presented in
the review.

5. Studies were required to have been written in English.

ion

The results of the database searches were checked for duplicates, which were removed. The
titles of the remaining results were then used to identify those records that were clearly
irrelevant to the current review (e.g., molecular genetic studies, review papers,
commentaries). Following this process, the remaining records were exported from the
database, along with their abstracts and other information. The abstracts, titles and format
(e.g., full paper, conference abstract, etc.) of these records were then screened for further
exclusions. All steps were carried out independently by two of the authors (LJH and NW)
and, at this point, inclusion and exclusion lists were compared and discrepancies reviewed.

Final exclusions were made based on independent screening of full papers still included at
this stage. Any further discrepancies and the inclusion or exclusion of studies using non-
standard genetic models was discussed with a third author (TAM). The process of study
selection is summarised in Figure 1.

on

Data were extracted from studies for presentation in the results section of this review. The
fields for data extraction were the following: (1) study sample, including sample name if
provided; (2) number of participants, given in terms of pairs of twins or siblings where
possible; (3) phenotype(s) studied and measure(s) used, including mode(s) of measurement
or (if questionnaire) reporter(s); (4) mean age(s) and age range(s) of participants at each
eligible wave of data collection; (5) type of genetic model(s) used in analyses; (6) stability of
phenotype(s) between all eligible waves and the proportion of this stability due to genes; (7)
influence of stable genetic factors, given in terms of the proportion of phenotypic variance at
the later age(s) explained by genetic factors from the earlier age(s); (8) influence of stable
shared (if estimated) and non-shared environmental factors; (9) influence of new genetic
factors, given in terms of the amount of phenotypic variance at later ages explained by
factors emerging at these ages; and (10) influence of new shared (if estimated) and non-
shared environmental factors.

Data extraction was carried out and cross-checked by LH and NW. We contacted the authors
of studies for which the desired information was not included in either the paper or online
supplementary materials.

Data synthesis—Among studies included in the review, the twin design was the most
common (see 'Study sample' in Results section for details). An introduction to the use of
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structural equation modelling in twin studies is presented in Box 1. The breadth of the
measures of emotional and behavioural problems and methodological variation involved in
the studies included in this review precluded a meta-analysis of findings. Specifically, the
studies included in the review varied in phenotype, measure, reporter, age, interval of
measurement, modelling strategy, and handling of sex differences. Consequently, we instead
took steps to ensure that results could be presented in as comparable a manner as possible.
However, studies differed in the way in which genetic and environmental influences on
stability and change were presented. In part, this was due to the use of a range of different
structural equation models across the included studies. The most common genetic model
was the longitudinal Cholesky decomposition (Box 2, Figure B), in which components of
variance from early waves are able to influence variance at later waves. Residual variance at
later waves that is not explained by these earlier aetiological factors is then decomposed
separately, with the resulting variance components free to explain variance at subsequent
waves. Accordingly, we have presented (where possible) each study's findings regarding
aetiological contributions to stability and change in the manner typically used in the
description of a longitudinal Cholesky decomposition: in terms of the amount of variance at
each wave (% of total) explained by stable, pre-existing factors versusemerging, new factors
(see Box 2). Where modelling results could not be converted to this format, we have
presented information on the aetiology of stability and change as described in Box 3 or as
indicated on a case-by-case basis in the tables and text of the results section. The majority of
studies included in this review used one, or a combination of the models presented in Box 2
& Box 3. In cases where the models used in a study were non-standard adaptations of the
models presented in the boxes, we have used the authors' original terminology (e.g.,
'‘Developmental model', "Transmission model"). Space limitations preclude in-text
descriptions of each individual model in this review and, as such, we refer readers to the
original articles for full details.

We opted to exclude cross-lagged models from our review. This was because the stability-
change interpretation sometimes applied to the results of cross-lagged model assumes that
genetic influences are transmitted between waves in a manner that is directly proportionate
to their relative importance at the first wave. In contrast, the Cholesky decomposition (and
other included models) allows direct estimation of genetic influence on the covariation
between traits (for further exploration of this issue, see Luo, Haworth, & Plomin, 2010).

Study sample

In total, 58 separate eligible studies, published between 1993 and 2015, were identified and
included in the review. Of these, 19 involved only emotional problems, 30 involved only
behavioural problems and 9 involved at least one phenotype from each. 55 studies used twin
data, while 5 used sibling or adoption data, either additionally or exclusively. Figure 2
illustrates the approximate ages spanned by studies included in the review.

Table 1 and Table 2 present the results from all studies included in the review. Studies are
organised alphabetically by author name and presented along with basic information. The
text summary below is organised by phenotype, with a view to highlighting any emerging
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developmental themes in the results of studies of similar sub-types of emotional and
behavioural problems. We have endeavoured to specify the age ranges of studies referred to
in the text where possible. Where the terms ‘childhood' and ‘adolescence’ are used
descriptively without any age range specified in parentheses, we use these terms to refer to
ages between 0-12 years and 13-18 years respectively.

Emotional Problems

Twenty-eight (28) studies of emotional problems included in this review are presented in
Table 1. As noted in the methods section above, 9 studies included longitudinal analyses of
both emotional and behavioural problems. These studies are included in both results tables,
and are indicated by a superscript (g). The results of all studies involving analyses of
emotional problems are described in the text below, grouped by phenotype as follows: (1)
anxiety, fear and obsessive-compulsive behaviour; (2) depression and depressive symptoms;
and (3) temperament and broad measures of emotional problems.2

Anxiety, fear and obsessive-compulsive behaviour—Eleven studies focused
specifically on aspects of anxiety, fear, obsessive-compulsive and other related behaviours.
The aetiology of stability and change in measures of anxiety was investigated in six of these
studies, collectively spanning an age range of 4 to 18 years (Garcia et al., 2013; Lewis &
Plomin, 2015; Trzaskowski, Zavos, Haworth, Plomin, & Eley, 2012; Waszczuk, Zavos, &
Eley, 2013; Waszczuk et al., 2016; Zavos, Gregory, & Eley, 2012). Overall, the stability of
anxiety and anxiety-related behaviours in childhood and adolescence tended to be accounted
for by genetic factors, and change by environmental factors. In all six studies, wave-to-wave
stability was moderate (/Ph range: .33-.54) and predominantly genetically- influenced
(>50% /Ph due to genes; Garcia et al., 2013; Lewis & Plomin, 2015; Trzaskowski et al.,
2012; Zavos et al., 2012; Waszczuk, Zavos, & Eley, 2013; Waszczuk et al., 2016). New
genetic factors were also found to account for change across both childhood (Lewis &
Plomin, 2015; Trzaskowski et al., 2012) and adolescence (Waszczuk et al., 2016). However,
in two (Garcia et al., 2013; Zavos et al., 2012) of the three studies incorporating data from
Jate adolescence (17-18 years; Garcia et al., 2013; Waszczuk et al., 2016; Zavos et al., 2012)
no significant genetic innovation was found, suggesting that the involvement of new genetic
factors for anxiety-related behaviours may wane later in development. Environmental
influences were mainly found to contribute to change in anxiety. While these influences
were non-shared (E) in most cases, in one study (Trzaskowski et al., 2012), longitudinal
analyses produced evidence of shared (C) environmental influences playing a small but
significant role in driving change in anxiety-related behaviours across middle childhood.
Three studies, collectively spanning an age range of 4-17 years, analysed obsessive-
compulsive symptoms (OCS; Bolhuis et al., 2014; Krebs, Waszczuk, Zavos, Bolton, & Eley,
2014; van Grootheest et al., 2007). Results from this group of studies were mixed. Stability
in OCS was primarily underpinned by genetic factors in two studies, both of which included
adolescents (Bolhuis et al., 2014; Krebs et al., 2014). However, in one study environmental
factors were of equal importance for stability during middle childhood (van Grootheest et

2This category incorporates those studies that use a measure of temperament ora broader or more general emotional problems
phenotype (usually 'internalising behaviour"). Therefore, it overlaps with the previous categories phenotypically, but not in terms of the

studies included.
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al., 2007). Non-shared environmental factors were found to drive change in all studies, while
new genetic factors were again implicated in middle childhood but not late adolescence (17
years; Bolhuis et al., 2014). The aetiology of stability and change in fear was investigated in
two studies, which used data collected in middle childhood and middle adolescence
(Kendler, Gardner, Annas, et al., 2008; Trzaskowski et al., 2012). Genetic factors were found
to be important for both developmental stability and change in fear both as an anxiety sub-
type (Trzaskowski et al., 2012) and in terms of specific phobias (Kendler, Gardner, Annas, et
al., 2008). In the case of the former, moderately high phenotypic stability (/Ph: .52) was
found between the ages of 7 and 9, and this was predominantly explained (67%) by genetic
factors. New genetic factors explained 34% of variance at age 9 (Trzaskowski et al., 2012).
A similar pattern was found to extend into adolescence for situational and blood/injury fears
but not animal fears, which displayed less overall (and genetic) stability (Kendler, Gardner,
Annas, et al., 2008). Age- specific environmental influences were also found to drive change
in both studies. These were primarily non-shared, although new shared environmental
influences were also significant and explained, on average, more than 15% of new variance
in middle childhood and early adolescence (Kendler, Gardner, Annas, et al., 2008;
Trzaskowski et al., 2012).

Depression and depressive symptoms—Depression-related phenotypes were
analysed in seven studies, with participants ranging from 5 to 18 years of age (Bolhuis et al.,
2014; Lau & Eley, 2006; O'Connor, Neiderhiser, Reiss, Hetherington, & Plomin, 1998;
Scourfield et al., 2003; Silberg et al., 1999; Tully, lacono, & McGue, 2010; Waszczuk et al.,
2016). These studies showed a broadly consistent pattern of results for the aetiology of
stability in depressive symptoms across adolescence. This stability was moderate in six
studies (/Ph range: .33-.59) and low in just one (.24; Tully et al., 2010). In five studies,
genetic factors were predominant in driving stability in depression and depressive symptoms
across a range of ages from middle childhood (Bolhuis et al., 2014; Lau & Eley, 2006;
Silberg et al., 1999; Tully et al., 2010; Waszczuk et al., 2016). In contrast, substantial
environmental contributions to stability were found in only two studies, both measuring
depressive symptoms in early-to-middle adolescence. Shared environmental factors
accounted for more than 70% of the continuity (/Ph: .39) in one (Scourfield et al. 2003) and
non-shared environmental factors accounted for 46% of the continuity (/Ph: .59) in the other
(O'Connor et al., 1998). Notably, both of these two-wave studies had wide within-wave age
ranges, including children up to 8-9 years apart. Results from the overall group of studies of
depression were also consistent in their estimation of the relative aetiological influences on
change. New non-shared environmental factors were found to drive change in depressive
symptoms, doing so predominantly in all studies, and exclusively in all but three. These
three studies (Lau & Eley, 2006; Scourfield et al., 2003; Waszczuk et al., 2016) also found
evidence of new genetic factors driving change. None of the studies found significant new
shared environmental influences across development.

Temperament and broad measures of emotional problems—Temperament, in the
form of shy, withdrawn or inhibited behaviour, was analysed in four studies, across a range
of ages in childhood (1-12 years; Cherny, Fulker, Corley, Plomin, & DeFries, 1994;

Hoekstra, Bartels, Hudziak, Van Beijsterveldt, & Boomsma, 2008; Plomin et al., 1993; van
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den Oord & Rowe, 1997). Genetic factors were again found to be important for stability and,
to a lesser but still significant extent, change. Environmental factors were found to be
substantially involved in the stability of withdrawn behaviour in only one of the studies (van
den Oord & Rowe, 1997). Large contributions to change from non-shared environmental
factors were observed in three studies (Cherny et al., 1994; Plomin et al., 1993; van den
Oord & Rowe, 1997). In the remaining study (Hoekstra et al., 2008), environmental factors
were found to play only a minimal aetiological role overall. However, it should be noted that
this study involved the decomposition of a rater-agreed phenotype, which somewhat limits
the extent to which the results from this study are directly comparable with the other studies
in this subset. Nine studies included broader measures of emotional problems, such as mixed
anxiety and depression symptoms (Bartels, van den Oord, et al., 2004; Haberstick, Schmitz,
Young, & Hewitt, 2005; Huizink, van den Berg, van der Ende, & Verhulst, 2007; Kendler,
Gardner, & Lichtenstein, 2008; Nivard et al., 2015; Schmitz, Fulker, & Mrazek, 1995; van
den Oord & Rowe, 1997; van der Valk, van den Oord, Verhulst, & Boomsma, 2003; van der
Valk, Verhulst, Neale, & Boomsma, 1998). These studies collectively covered an age range
of 3-17 years. In this group of studies, stability was again predominantly underpinned by
genetic factors in the majority of cases. However, moderately influential stable shared
environmental factors were also found in early childhood (Bartels, van den Oord, et al.,
2004), middle childhood (van den Oord & Rowe, 1997) and early-/mid-adolescence
(Huizink et al., 2007; van der Valk et al., 1998). Interestingly, in a study of teacher-reported
internalising symptoms in children aged 7-12 years, no such environmental influences on
stability were found. Instead this stability, which was found to be modest-to-moderate (/Ph
range: .14-.38), was entirely genetic (Haberstick et al., 2005). Across this group of studies of
broadly assessed emotional problems, phenotypic change resulted from both new genetic
and new (primarily non-shared) environmental factors. New genetic factors tended to be less
influential later in adolescence, although results of Nivard et al. (2015) are a notable
exception. In three studies, collectively spanning ages 4-17 years, new genetic factors were
not at all influential (Huizink et al., 2007; van den Oord & Rowe, 1997; van der Valk et al.,
1998). Findings of moderate-to-large non-shared environmental contributions to change
were more consistent across studies and ages.

Broad measures were used in the majority of studies of emotional problems, with specific
studies of anxiety, depression and other symptoms of childhood emotional problems
relatively fewer in comparison. Overall, in these studies of specific emotional problems such
as anxiety, obsessive-compulsive symptoms and depressive symptoms spanning childhood
and adolescence from age 4-18 years, stability was largely underpinned by genetic
influences. Results were particularly consistent for studies of depressive symptoms in
adolescence. A similar pattern was evident in studies of broader emotional problems, which
covered almost the entire eligible age range (1-17 years), with some additional evidence that
shared environmental influences may also play a role in producing stability in measures of
these phenotypes. In contrast, non-shared environmental influences were typically found to
drive change across all emotional phenotypes and all ages. In some specific phenotypes,
such as fear, new shared environmental factors were also influential. There was some
evidence that the transition from childhood to adolescence may be characterised by the
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emergence of new genetic influences. Where present, genetic innovation tended to disappear
by late adolescence, although this was not true in all cases.

Behavioural Problems

Thirty-nine (39) studies of behavioural problems are presented in Table 2. This table is
structured identically to Table 1, and similarly includes all studies with a measure of
behavioural as well as emotional problems (denoted by superscript 9). The results of all
studies of behavioural problems are summarised below in three groups: (1) ADHD, attention
problems and impulsivity (2) aggression, anger, antisocial behaviour and conduct disorder;
and (3) general behavioural problems.3

ADHD, attention problems and impulsivity—Sixteen studies reported analyses of a
measure of either attention deficit hyperactivity disorder (ADHD) or related symptoms and
behaviours. Nine of these studies included data from at least two ages between 2 and 8 years
(Ebejer et al., 2010; Kan et al., 2013; Kuntsi, Rijsdijk, Ronald, Asherson, & Plomin, 2005;
Lewis & Plomin, 2015; Polderman et al., 2011; Price et al., 2005; Rietveld, Hudziak,
Bartels, van Beijsterveldt, & Boomsma, 2004; van den Oord & Rowe, 1997; Wang, Deater-
Deckard, Petrill, & Thompson, 2012). Overall, stability in measures of ADHD symptoms
was found to be largely genetic in these childhood studies. Additive genetic factors
explained more than 65% of the wave-to-wave stability of ADHD symptoms in childhood in
six of these studies. However, in three studies where non-additive (dominant) genetic effects
(D) were also estimated (Ebejer et al., 2010; Kan et al., 2013; Rietveld et al., 2004), these
also contributed to stability. Indeed, in one study (Ebejer et al., 2010), of inattention, non-
additive genetic factors were by far the greatest source of phenotypic stability during this
period, although they were found to be more influential in driving change elsewhere (age
3-7; Kan et al., 2013; Rietveld et al., 2004). Notably, new additive genetic influences on
ADHD symptoms across this period were also found and, in some cases, these too were
greater than the stable genetic factors that preceded them (e.g., Kuntsi et al., 2005;
Polderman et al., 2011). Environmental influences on change in childhood ADHD-related
symptoms were predominantly age-specific and non-shared. Where environmental
influences on stability were found, the effects were limited, with stable shared and non-
shared factors explaining between 3-17% later variance in childhood ADHD-related
symptoms (e.g., Ebejer et al., 2010; Kan et al., 2013; Lewis & Plomin, 2015; Price et al.,
2005; van den Oord & Rowe, 1997). The single exception to the overall trend in this group
was a study by Wang et al. (2012), in which stability from shared environmental influences
and change from non-shared environmental influences was found, with only small or non-
significant genetic influences on attention regulation problems at ages 7 and 8 years. Eleven
studies that reported analyses of ADHD-related symptoms used data from across middle
childhood and adolescence (9-18 years; Bezdjian, Tuvblad, Wang, Raine, & Baker, 2014;
Jaffee, Hanscombe, Haworth, Davis, & Plomin, 2012; Kan et al., 2013; Larsson,
Lichtenstein, & Larsson, 2006; Larsson, Larsson, & Lichtenstein, 2004; Lewis & Plomin,
2015; Niv, Tuvblad, Raine, Wang, & Baker, 2012; Rietveld et al., 2004; Taylor et al., 2013;

3This category incorporates only those studies that use a broader or more general phenotype of behavioural problems (usually
‘externalising behaviour). Therefore, it overlaps with the previous categories phenotypically, but not in terms of the studies included.
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van den Oord & Rowe, 1997). Wave-to-wave stability in attention problems across middle
childhood was accounted for by a mixture of genetic and environmental stability (e.g., Kan
et al., 2013; Rietveld et al., 2004). However, stability in broader ADHD phenotypes
remained primarily genetically influenced both in this period and into adolescence. For
example, across five studies (Jaffee et al., 2012; Larsson et al., 2006; Larsson et al., 2004;
Lewis & Plomin, 2015; Taylor et al., 2013), stable genetic factors from earlier in
development explained more than one third of variance, on average, in ADHD-related
phenotypes at ages between 12 and 16 years. In each case, genetic factors accounted for
more stability than any environmental factors. This pattern was replicated at age 12 in a
study of a laboratory-based measure of impulsivity, but, notably, reversed at later ages where
non- shared environmental factors accounted for most (55% and 75% respectively) of the
wave-to-wave stability at ages 15 and 17 (Bezdjian et al., 2014). Non-shared environmental
factors also became increasingly stable across adolescence in one study (Kan et al., 2013).
Although phenotypic stability in ADHD and related behaviours generally remained
moderate to high into adolescence, change was evident and was predominantly accounted
for by a combination of genetic and non-shared environmental factors. In studies where
estimates of shared environmental factors were significant, their contribution to change was
generally small or non-significant (e.g., Larsson et al., 2004; Lewis & Plomin, 2015). The
results regarding the relative magnitudes of new genetic and non-shared environmental
influences emerging for ADHD symptoms across adolescence were mixed. In some studies
(Bezdjian et al., 2014; van den Oord & Rowe, 1997) few or no new genetic influences were
found, while in others (Chang, Lichtenstein, Asherson, & Larsson, 2013; Jaffee et al., 2012;
Lewis & Plomin, 2015) new genetic influences were of greater magnitude than
contemporary non- shared environmental influences.

Aggression, anger, antisocial behaviour and conduct problems—Twenty studies
involved phenotypes relating to aggression, anger, antisocial behaviour (ASB), or conduct
problems. Of these, seven involved longitudinal data on aggression or anger, incorporating
data from children between the ages of 1 and 14 years (Eley, Lichtenstein, & Moffitt, 2003;
Gagne & Hill Goldsmith, 2011; Haberstick, Schmitz, Young, & Hewitt, 2006; Lacourse et
al., 2014; Tuvblad, Raine, Zheng, & Baker, 2009; van Beijsterveldt, Bartels, Hudziak, &
Boomsma, 2003; Vierikko, Pulkkinen, Kaprio, & Rose, 2006). In early childhood, anger and
aggression were found to be only moderately stable (/Ph range: .03-.48 up to age 7; Gagne
& Hill Goldsmith, 2011; Lacourse et al., 2014; van Beijsterveldt et al., 2003). Stability was
again predominantly genetic in this period, although stable shared environmental factors of
roughly equivalent magnitude were found in one study (van Beijsterveldt et al., 2003). New
genetic, shared and non-shared environmental factors influenced change in infant anger
(Gagne & Hill Goldsmith, 2011) and aggression (Lacourse et al., 2014; van Beijsterveldt et
al., 2003) in this period. In the remaining four studies of aggression (Eley et al., 2003;
Haberstick et al., 2006; Tuvblad et al., 2009; Vierikko et al., 2006), from age 8 onwards,
stability was generally higher, with genetic factors again accounting for the majority of this
continuity. For example, in middle childhood, Haberstick et al. (2006) found that more than
75% of the stability in parent (/Ph range: .61-.78) and teacher (/Ph range: .33-.58) reports of
aggressive behaviour between the ages of 8 and 12 years was explained by stable genetic
factors. Two studies (Eley et al., 2003; Vierikko et al., 2006) included data from mid-
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adolescence, but these studies had very different findings. In the first, stable genetic factors
accounted for a substantial amount of the moderate-to-high stability of aggressive behaviour
(84% of /Ph: .61) but little of the phenotypic change, which was attributable to both shared
and non-shared environmental factors (Eley et al., 2003). In the other, aggression showed
only low stability, influenced by stable environmental factors, with change resulting from
new genetic factors (Vierikko et al., 2006). Methodological differences between these
studies may offer a partial explanation for their discrepant findings. Specifically, the use of
parent- and teacher-report respectively raises the possibility that these measures used in
these studies may tap different, situation-specific behaviours. Nine studies, with a collective
age range of 4-17 years, included analyses of aetiological stability and change in measures
of generalised or nonaggressive antisocial behaviour (ASB; Eley et al., 2003; Harden,
Quinn, & Tucker-Drob, 2012; Neiderhiser, Reiss, & Hetherington, 1996; Niv, Tuvblad,
Raine, & Baker, 2013; O'Connor et al., 1998; Tuvblad, Eley, & Lichtenstein, 2005; van den
Oord & Rowe, 1997; Van Hulle et al., 2009). One of these studies (Neiderhiser et al., 1996)
presents analyses that are also included, in greater detail, in another study (O'Connor et al.,
1998). Accordingly, only the latter is presented in the table and included in this overview.
The results of the studies of antisocial behaviour suggest a pattern of moderate stability
underpinned by both genetic and shared environmental influences (e.g. Niv et al., 2013;
O'Connor et al., 1998; Tuvblad, Narusyte, Grann, Sarnecki, & Lichtenstein, 2011). To the
extent that phenotypic change occurred across development, environmental factors - both
shared and non-shared - were found to play a driving role. New genetic influences were
generally of a smaller magnitude, but were present in mid-adolescence in particular. For
example, in a study by Tuvblad, Eley, & Lichtenstein (2005), variance in boys' non-
aggressive antisocial behavior at age 14 was primarily explained by new aetiological factors,
with new genetic factors explaining 28% of the variance and new shared and non-shared
environmental factors explaining 38% and 30% respectively. One notable exception was in
Niv et al. (2013), where new genetic factors were more influential at age 14-15 than new
non-shared environmental factors. Five studies used measures of conduct problems,
spanning an age range of 4-17 years (Jacobson, Prescott, & Kendler, 2002; Jaffee et al.,
2012; Lahey et al., 2009; Lewis & Plomin, 2015; Van Hulle et al., 2009). As in the group of
studies of antisocial behaviour, significant duplication between two of these studies (Lahey
et al., 2009; Van Hulle et al., 2009) mean that only the one with the greatest detail is
presented in the table (Van Hulle et al., 2009). Overall, stability in conduct problems in
childhood and adolescence was typically moderate-to-substantial, with wave-to-wave
phenotypic correlations exceeding .45 in three studies (Jacobson et al., 2002; Jaffee et al.,
2012; Lewis & Plomin, 2015). This stability was primarily genetically mediated, although
stable shared and non-shared environmental factors were sporadically implicated across all
studies. In terms of change, one study (Van Hulle et al., 2009) found that change in conduct
problems in middle childhood and adolescence was entirely explained by a combination of
shared and (primarily) non-shared environmental factors, with no new genetic influences
coming online. However, the remaining studies all found additional genetic (as well as
environmental) contributions to change, with new genetic factors explaining at least one fifth
of variance at each wave, in all cases (Jacobson et al., 2002; Jaffee et al., 2012; Lewis &
Plomin, 2015).
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Behavioural problems (general)—Eight studies included general measures of
behavioural problems, typically described as 'externalising behaviour', collectively spanning
the ages of 2-17 years (Bartels, Boomsma, et al., 2004; Haberstick et al., 2005; Huizink et
al., 2007; Schmitz et al., 1995; van der Valk et al., 2003, 1998; Wang et al., 2012; Wichers et
al., 2013). In the studies that investigated the childhood aetiology of general behavioural
problems, a pattern of mixed genetic and environmental stability was found. Evidence that
stability in externalising behaviour between the ages of 3 and 10 years was the result of
substantial stable shared environmental and genetic factors was found in three separate
studies (Bartels, van den Oord, et al., 2004; Haberstick et al., 2005; van der Valk et al.,
2003). Somewhat contrasting evidence was found in the one remaining study with data from
this developmental period, in which environmental contributions to stability were non-
shared, and relatively minor (Wang et al., 2012). Genetic contributions to stability were
estimated to be substantial (explaining >30% variance) in all four studies, while the
aetiology of phenotypic change was predominantly genetic and non-shared environmental in
all cases. The results for general behavioural problems across adolescence were similarly
consistent with respect to the origins of phenotypic stability. Genetic factors were again
predominant, accounting for, on average, 79% of the phenotypic stability across three
separate studies incorporating data from individuals aged 10-17 years (Huizink et al., 2007;
van der Valk et al., 1998; Wichers et al., 2013). Genetic innovation was found to be
important for driving phenotypic change in two of these three studies (van der Valk et al.,
1998; Wichers et al., 2013), and also earlier, at age 12, in two further studies (Bartels, van
den Oord, et al., 2004; Haberstick et al., 2005). Non-shared environmental contributions to
change were found to be significant in all but one study (Schmitz et al., 1995), and were
generally small-to-moderate in magnitude.

Studies of behavioural problems were typically designed to investigate either attention/
hyperactivity related problems or aggressive/antisocial behaviour and conduct problems.
Generalised measures of behavioural problems, such as externalising, were used in
comparatively fewer studies. Overall, a pattern of predominant genetic influence on stability
across development, for all behavioural problem phenotypes, was observed. The magnitude
of this stability varied between phenotypes and across different ages. Additionally,
environmental influences on stability were observed relatively consistently for some
phenotypes (e.g., antisocial behaviour) and not for others (e.g. attention problems). Change
was underpinned, variously, by genetic, shared and non-shared environmental factors, with
limited consistency across different behavioural problem phenotypes. For the broadest
measures of behavioural problems, including non-aggressive antisocial behaviour, new
variance across childhood and adolescence was predominantly accounted for by genetic and
non-shared environmental factors.

Discussion

Summary of findings and relation to the broader literature

We identified 58 longitudinal behavioural genetic studies of emotional and behavioural
problems in this systematic review. Overall, the findings from the studies included were very
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consistent. The majority found stability of psychopathology in childhood and adolescence to
be primarily genetically mediated. This is in keeping with the aetiological and
developmental picture established by previous work in the field, notably the significant
genetic influence found on emotional and behavioural phenotypes from cross-sectional
genetic studies at all ages (Lau & Eley, 2010; Middeldorp, Cath, Van Dyck, & Boomsma,
2005; Rhee & Waldman, 2002; Rice et al., 2002; Rutter et al., 1999); and the moderate
stability of emotional and behavioural problems across childhood and adolescence (Costello
et al., 2003; Hofstra et al., 2000; Ollendick et al., 1994).

Where stability due to environmental influences was found, it was generally of smaller
magnitude (e.g. generalised internalising: Bartels, van den Oord, et al., 2004; Huizink et al.,
2007; Kendler, Gardner, & Lichtenstein, 2008; antisocial behaviour: Eley et al., 2003;
Harden et al., 2012; Jacobson et al., 2002; Niv et al., 2013). In the case of the shared
environment, these results should be considered with respect to power demands, which are
particularly high for estimating 'C' as has been discussed in detail elsewhere (Burt, 2009,
2014). Stability from both shared and non-shared environmental factors was seen, across
results from studies of both emotional and behavioural problems.

This affirms that environmental factors can operate to produce phenotypic stability
irrespective of whether they make individuals in the same family more or less similar.
Previous research has identified some specific, stable sources of environmental influence on
children's behaviour (e.g., SES, neighbourhood characteristics, parenting characteristics;
Bradley, Corwyn, McAdoo, & Coll, 2001; Dumas et al., 2005; see Burt, 2014 for a review).
Systematic rater effects could also play a role in producing phenotypic stability in some
cases, although evidence from studies using multiple raters confirms that this does not
account for all environmental stability.

Most studies found substantial phenotypic change, as well as stability, across development.
In many cases, this was partially underpinned by genetic innovation. Genetically influenced
phenotypic change can be the result of age-related biological changes, whether relating to
brain development or hormonal variations (Blakemore, 2008; Kadosh, Linden, & Lau, 2013;
Paus et al., 2008). In addition, the shifting importance of various social and environmental
contexts for developing children and adolescents provides opportunities for new genetic
influence to be mediated through gene-environment interplay - processes by which
individuals' exposure and/or sensitivity to environmental factors is influenced genetically
(Knafo & Jaffee, 2013; Rutter & Silberg, 2002; Scarr & McCartney, 1983). Aspects of this
interplay have also been hypothesised (Scarr & McCartney, 1983), and shown (e.g., Brody et
al., 2009; Elkins, McGue, & lacono, 1997; Hannigan, McAdams, Plomin & Eley, 2016), to
change across development. The idea that these processes may be especially important for
phenotypic change in childhood and adolescence is supported by the relative lack of genetic
innovation found in similar studies of adults (Gillespie et al., 2004; Kan et al., 2013; Nes,
Rgysamb, Reichborn-Kjennerud, Harris, & Tambs, 2007; Nivard et al., 2015; Takahashi et
al., 2007; Van Den Berg, Willemsen, De Geus, & Boomsma, 2006). However, it is
noteworthy that significant new genetic influences are found in young adulthood for some
phenotypes (e.g. antisocial behaviour and alcohol abuse: Malone, Taylor, Marmorstein,
McGue, & lacono, 2004; obsessive-compulsive symptoms: van Grootheest, Cath, Hottenga,
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Beekman, & Boomsma, 2009), suggesting some persistence of these processes beyond what
is generally regarded as the end of the adolescent developmental period.

Phenotypic change was driven by non-shared environmental factors in the majority of
studies. The non-shared environmental parameter in behavioural genetic studies includes
time-specific measurement error, which could play a role in increasing the appearance of
phenotypic discontinuity. However, non-shared environmental innovation was found to be
substantial across studies using a range of measurement techniques in several different
samples. Furthermore, the influence of 'true’ non-shared environmental factors in driving
phenotypic change is consistent with theoretical accounts of development, which emphasise
the role of both stochastic and specific (e.g. illness, accidents, clinical interventions,
different school experiences) influences in making children in the same family different
from one another (Asbury, Dunn, Pike, & Plomin, 2003; Asbury, Dunn, & Plomin, 2006;
Plomin, 2011; Turkheimer & Waldron, 2000).

Implications for researchers and clinicians

The predominance of genetic influence on stability in specific childhood and adolescent
emotional and behavioural problems, as outlined in this review, has implications for genetic
and developmental researchers alike. It is likely that the majority of genes affecting
psychopathology in development have a broad effect across multiple traits and different life
stages. As a result, extracting factors that reflect common variance across different traits and
times may be beneficial in aiding the identification of these “general” genes (Eley, 1997).
Shared genetic liability has long been viewed as at least a partial explanation for the
widespread comorbidity in childhood psychopathology, including befween emational and
behavioural problems (Caspi et al., 2013; Nadder, Rutter, Silberg, Maes, & Eaves, 2002;
Silberg, Rutter, & Eaves, 2001). Substantial evidence for pleiotropy - whereby genes affect
multiple different traits - has also emerged from molecular genetic studies (Hettema, Chen,
Sun, & Brown, 2015; Trzaskowski et al., 2013). To date only a handful of studies have
examined the extent to which this shared genetic influence operates developmentally to
produce heterotypic continuity in emotional and behavioral problems (e.g. Roberson-Nay;,
Eaves, Hettema, Kendler, & Silberg, 2012; Silberg, Rutter, & Eaves, 2001; Waszczuk et al.,
2016; Wertz et al., 2015). Future work exploring the overlap, and potential distinction,
between genetic influences on homotypic and heterotypic continuity in these phenotypes is
warranted. Identifying sources of common genetic liability to childhood and adolescent
psychopathology and subsequent problems in adulthood also remains a priority. In the
context of developmental psychopathology more broadly, researchers should aim to
incorporate an awareness of the underlying genetic stability of many aspects of childhood
and adolescent psychopathology into study design and the interpretation of results wherever
possible.

While genetic innovation was found to be less prevalent than stability, it is of comparable
developmental significance, providing an important source of change in symptomatology
(Kendler, Gardner, & Lichtenstein, 2008; Kendler, Gardner, Annas, et al., 2008). Similarly,
attenuation of genetic factors from early in development is also commonly seen alongside
genetic innovation, in spite of the overall trend for heritability to increase with age (Bergen
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et al., 2007). This combination of innovation and attenuation suggests that, despite early
temperamental and behavioural factors predicting later life problems, their respective genetic
aetiologies may still differ to a substantial degree. This has wide-ranging implications for
research. For example, for molecular genetic approaches, which aim to identify specific
regions of the genome associated with mental health problems, this may indicate that some
genes are important only at one developmental stage. In order to identify such genes,
approaches involving longitudinal data or the stratification of cross-sectional samples by age
will be necessary (Traylor, Markus, & Lewis, 2014). Furthermore, the mechanisms through
which genetic factors '‘coming online' throughout development may contribute to the
emergence of clinical psychopathology in late adolescence and young adulthood are not well
understood, and could prove to be fruitful areas for further work.

The evidence presented in this review also has implications for clinicians. Most importantly,
from a clinical perspective, the finding of genetic stability underpinning the development of
emotional and behavioural problems should not be viewed deterministically. Genetic
influence on individual differences in measures of psychopathology is indicative of the
different levels of risk associated with inherited genetic factors. Understanding the extent to
which these risk factors are the same across development is an important step in uncovering
the mechanisms that underpin the emergence of psychiatric illnesses. However, genetic
influence, stable or otherwise, does not preclude the possibility of effective treatment. This
is most clearly exemplified by entirely genetic conditions, such as phenylketonuria (PKU),
for which the routine and successful treatment is entirely environmental (limitations to diet).
This example also demonstrates the benefit of being able to identify individuals who are at
an increased genetic risk for a particular disorder. Although this is not yet a possibility for
the kind of psychiatric problems associated with childhood and adolescent psychopathology,
evidence of substantial genetic stability across development, as reviewed here, indicates that
such an approach could facilitate early intervention in the future. Furthermore, recent work
has begun to explore the possibility of using genetic information to predict the kind of
treatment to which individuals may respond best (Eley et al., 2012; Lester & Eley, 2013).
The potential value of this approach is again underlined by predominant genetic stability in
developmental psychopathology. Environmental stability, where evident, should also be
considered as important from a clinical perspective. To the extent that these stable
environmental factors can be identified and are modifiable, interventions targeting them can
be expected to have a lasting effect across development.

Understanding the aetiology of developmental change in psychopathology, in adolescence in
particular, may provide clinically-relevant insights as to how risk for psychiatric disorders in
young adulthood and beyond is mediated (Gregory et al., 2007; Moffitt & Caspi, 2001;
Rutter et al., 2006). Genetic innovation for behavioural and emotional problems suggests
that there are periods during development where individual differences in psychopathology
are the result of genetically influenced behavioural or physiological changes. The evidence
from studies in this review indicates that these potentially 'sensitive' periods occur
throughout development, and certainly not limited to adolescence. This may indicate that the
window for effective clinical intervention in childhood and adolescence may be equally
wide. Understanding the nature of the underlying behavioural changes that result in genetic
innovation in longitudinal genetic studies may also allow us to highlight specific behaviours
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as targets for interventions. The widespread evidence of environmental influences on change
in measures of child and adolescent psychopathology could also have potential clinical
significance. Firstly, this is because specific environmental factors may again be identifiable
and modifiable. Secondly, because evidence of variability in these measures in childhood
and adolescence reinforces the notion that, even in the context of genetic predisposition for
psychiatric disease, external (i.e. environmental) factors can account for a substantial
amount of variance in these phenotypes. The effects of a clinical intervention would likely
appear in a similar way, if modelled in a genetically informative design. However, the
largely time- specific nature of environmental influence on developmental psychopathology
suggests that, for such interventions to be successful in the long-term, they may need to be
actively maintained.

Strengths and limitations of the review

This review has several strengths, most notably that it is (to our knowledge) the first review
of longitudinal behavioural genetic results for both emotional and behavioural problems. It
thus provides a comprehensive overview of many years of research into the developmental
aetiology of child and adolescent psychopathology. The coverage of the age span specified
(0-18 years) is also unusually broad (see Figure 2). We believe that this makes the review a
particularly useful resource for both genetic and developmental research and clinical
practice.

The main limitation of this review concerns the different approaches taken to analysis in the
studies, combined with the wide variety of measures used, which precluded meta-analysis.
Our decision to incorporate a wide range of phenotypes from the field of developmental
psychopathology made this limitation somewhat unavoidable, but we believe that it is
largely counter-balanced by the benefits of presenting and reviewing these studies together.
In particular, the broadly consistent nature of findings, in spite of considerable
methodological heterogeneity (even within phenotypes), is evident and quite striking - even
without the benefits of a meta-analysis. Other issues include methodological limitations of
the individual studies, such as the heavy reliance in this field on questionnaire data, and
related issues such as rater-bias and variations in reliability. Addressing such issues is
beyond the scope of this review. More fundamental limitations and assumptions associated
with twin and adoption studies and structural equation modelling remain as relevant as in the
individual studies themselves. These have been explored and discussed in detail elsewhere
(Derks, Dolan, & Boomsma, 2006; LoParo & Waldman, 2014; Plomin, Willerman, &
Loehlin, 1976; Tomarken & Waller, 2005).

Conclusion and future directions

Overall, this review highlights several key ways in which genetically informative,
developmentally-contextualised research into child and adolescent emotional and
behavioural problems can inform the wider study of psychopathology. The morbidity and
disruption associated with these problems at the time they present may be justification
enough for studying their aetiologies, and the fact that they also represent significant risk
factors for later life psychopathology only strengthens the case for this. However,
ascertaining the mechanisms and pathways by which this risk is mediated will necessarily
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require developmentally-contextualised approaches. The results of investigations into the
aetiological architecture of stability and change in emotional and behavioural problems
provide a strong empirical base for this process and, used in combination with findings from
molecular, epidemiological, cognitive-experimental and clinical studies, can continue to play
an important role in future.

Acknowledgements

This study presents independent research part-funded by the National Institute for Health Research (NIHR)
Biomedical Research Centre at South London and Maudsley NHS Foundation Trust and King's College London.
The views expressed are those of the author(s) and not necessarily those of the NHS, the NIHR or the Department
of Health. LJH is supported by a 1+3 PhD studentship from the UK Economic and Social Research Council
(ESRC). MW is supported by The Alexander von Humboldt Foundation. TAM was first supported by a grant to
TCE from the Leverhulme Trust [RPG-210] then by a Sir Henry Dale Fellowship, jointly funded by the Wellcome
Trust and the Royal Society (107706/Z/15/Z)!during the preparation of this manuscript. We would like to thank
those authors who provided additional results or information pertaining to their studies at our request. We would
also like to thank Giorgia Michelini for her assistance in the preparation of this article.

References

Anselmi L, Barros FC, Teodoro MLM, Piccinini CA, Menezes AMB, Araujo CL, Rohde LA.
Continuity of behavioral and emotional problems from pre-school years to pre-adolescence in a
developing country. Journal of Child Psychology and Psychiatry and Allied Disciplines. 2008;
49:499-507. DOI: 10.1111/j.1469-7610.2007.01865.x

Asbury K, Dunn J, Pike A, Plomin R. Nonshared environmental influences on individual differences in
early behavioral development: a monozygotic twin differences study. Child Development. 2003;
74(3):933-43. DOI: 10.1111/1467-8624.00577 [PubMed: 12795399]

Asbury K, Dunn J, Plomin R. The use of discordant MZ twins to generate hypotheses regarding non-
shared environmental influence on anxiety in middle childhood. Social Development. 2006; doi:
10.1111/j.1467-9507.2006.00356.x

Bardone A, Moffitt T, Caspi A, Dickson N, Stanton W, Silva P. Adult Physical Health Outcomes of
Adolescent Girls With Conduct Disorder, Depression, and Anxiety. Journal of the American
Academy of Child & Adolescent Psychiatry. 1998; 37(6):594-601. DOI: 10.1111/j.
1467-9507.2006.00356.x [PubMed: 9628079]

Bardone A, Moffitt T, Caspi A, Dickson N, Stanton W, Silva P. Adult Physical Health Outcomes of
Adolescent Girls With Conduct Disorder, Depression, and Anxiety. Journal of the American
Academy of Child & Adolescent Psychiatry. 1998; 37(6):594-601. DOI:
10.1097/00004583-199806000-00009 [PubMed: 9628079]

Bartels M, Boomsma DI, Hudziak JJ, Rietveld MJH, van Beijsterveldt CEM, van den Oord EJCG.
Disentangling genetic, environmental, and rater effects on internalizing and externalizing problem
behavior in 10-year-old twins. Twin Research and Human Genetics. 2004; 7(2):162-175. DOI:
10.1375/twin.7.2.162

Bartels M, van den Oord EJCG, Hudziak JJ, Rietveld MJH, van Beijsterveldt CEM, Boomsma DI.
Genetic and environmental mechanisms underlying stability and change in problem behaviors at
ages 3, 7, 10, and 12. Developmental Psychology. 2004; 40(5):852-67. DOI:
10.1037/0012-1649.40.5.852 [PubMed: 15355171]

Bergen SE, Gardner CO, Kendler KS. Age-related changes in heritability of behavioral phenotypes
over adolescence and young adulthood: a meta-analysis. Twin Research and Human Genetics. 2007;
10(3):423-33. DOI: 10.1375/twin.10.3.423 [PubMed: 17564500]

Bezdjian S, Tuvblad C, Wang P, Raine A, Baker LA. Motor impulsivity during childhood and
adolescence: A longitudinal biometric analysis of the go/no-go task in 9- to 18-year-old twins.
Developmental Psychology. 2014; 50(11):2549-2557. DOI: 10.1037/a0038037 [PubMed:
25347305]

Blakemore S-J. The social brain in adolescence. Nature Reviews Neuroscience. 2008; 9(4):267-277.
DOI: 10.1038/nrn2353 [PubMed: 18354399]

Psychopathol Rev. Author manuscript; available in PMC 2017 March 21.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Hannigan et al.

Page 20

Bolhuis K, McAdams Ta, Monzani B, Gregory AM, Mataix-Cols D, Stringaris A, Eley T. Aetiological
overlap between obsessive-compulsive and depressive symptoms: a longitudinal twin study in
adolescents and adults. Psychological Medicine. 2014; :1-11. DOI: 10.1017/S0033291713001591

Bongers IL, Koot HM, van der Ende J, Verhulst FC. Developmental Trajectories of Externalizing
Behaviors in Childhood and Adolescence. Child Development. 2004; 75(5):1523-1537. DOI:
10.1111/j.1467-8624.2004.00755.x [PubMed: 15369529]

Boomsma DI, Busjahn A, Peltonen L. Classical twin studies and beyond. Nature Reviews Genetics.
2002; 3(11):872-82. DOI: 10.1038/nrg932

Bradley RH, Corwyn RF, McAdoo HP, Coll CG. The home environments of children in the United
States part I: variations by age, ethnicity, and poverty status. Child Development. 2001; 72(6):
1844-67. [PubMed: 11768149]

Brody GH, Beach SRH, Philibert R, Chen Y-F, Lei M-K, Murry VM, Brown AC. Parenting moderates
a genetic vulnerability factor in longitudinal increases in youths' substance use. Journal of
Consulting and Clinical Psychology. 2009; 77(1):1-11. DOI: 10.1037/a0012996 [PubMed:
19170449]

Bufferd S, Dougherty L, Carlson G, Rose S, Klein D. Psychiatric Disorders in Preschoolers:
Continuity From Ages 3 to 6. American Journal of Psychiatry. 2012; 169(11):1157-1164. DOI:
10.1176/appi.ajp.2012.12020268 [PubMed: 23128922]

Burt SA. Rethinking environmental contributions to child and adolescent psychopathology: a meta-
analysis of shared environmental influences. Psychological Bulletin. 2009; 135(4):608-37. DOI:
10.1037/a0015702 [PubMed: 19586164]

Burt SA. Research Review: The shared environment as a key source of variability in child and
adolescent psychopathology. Journal of Child Psychology and Psychiatry. 2014; 55(4):304-12.
DOI: 10.1111/jcpp.12173 [PubMed: 24261560]

Caspi A, Henry B, McGee R, Moffitt TE, Silva PA. Temperamental origins of child and adolescent
behavior problems: from age three to age fifteen. Child Development. 1995; 66(1):55-68. DOI:
10.1111/j.1467-8624.1995.th00855.x [PubMed: 7497829]

Caspi A, Houts RM, Belsky DW, Goldman-Mellor SJ, Harrington H, Israel S, Moffitt TE, et al. The p
Factor: One General Psychopathology Factor in the Structure of Psychiatric Disorders? Clinical
Psychological Science. 2013; doi: 10.1177/2167702613497473

Chang Z, Lichtenstein P, Asherson PJ, Larsson H. Developmental Twin Study of Attention Problems.
JAMA Psychiatry. 2013; 70(3):311.doi: 10.1001/jamapsychiatry.2013.287 [PubMed: 23303526]

Cherny SS, Fulker D, Corley R, Plomin R, DeFries JC. Continuity and change in infant shyness from
14 to 20 months. Behavior Genetics. 1994; 24(4):365-379. DOI: 10.1007/BF01067538 [PubMed:
7993315]

Cicchetti D, Rogosch F. A developmental psychopathology perspective on adolescence. Journal of
Consulting and Clinical Psychology. 2002; 70(1):6-20. DOI: 10.1037/0022-006X.70.1.6
[PubMed: 11860057]

Copeland WE, Shanahan L, Costello EJ, Angold A. Childhood and adolescent psychiatric disorders as
predictors of young adult disorders. Archives of General Psychiatry. 2009; 66(7):764-772. DOI:
10.1001/archgenpsychiatry.2009.85 [PubMed: 19581568]

Costello EJ, Mustillo S, Erkanli A, Keeler G, Angold A. Prevalence and development of psychiatric
disorders in childhood and adolescence. Archives of General Psychiatry. 2003; 60(8):837-44.
DOI: 10.1001/archpsyc.60.8.837 [PubMed: 12912767]

Degnan, Ka, Almas, AN., Fox, N. Temperament and the environment in the etiology of childhood
anxiety. Journal of Child Psychology and Psychiatry. 2010; 51(4):497-517. DOI; 10.1111/j.
1469-7610.2010.02228.x [PubMed: 20158575]

Dekker MC, Ferdinand RF, van Lang NDJ, Bongers IL, van der Ende J, Verhulst FC. Developmental
trajectories of depressive symptoms from early childhood to late adolescence: Gender differences
and adult outcome. Journal of Child Psychology and Psychiatry and Allied Disciplines. 2007;
48(7):657-666. DOI: 10.1111/j.1469-7610.2007.01742.x

Derks EM, Dolan CV, Boomsma DI. A test of the equal environment assumption (EEA) in multivariate
twin studies. Twin Research and Human Genetics. 2006; 9(3):403-11. DOI:
10.1375/183242706777591290 [PubMed: 16790150]

Psychopathol Rev. Author manuscript; available in PMC 2017 March 21.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Hannigan et al.

Page 21

Dumas JE, Nissley J, Nordstrom A, Smith EP, Prinz RJ, Levine DW. Home chaos: sociodemographic,
parenting, interactional, and child correlates. Journal of Clinical Child and Adolescent Psychology.
2005; 34(1):93-104. DOI: 10.1080/10888430903150642 [PubMed: 15677284]

Ebejer JL, Coventry WL, Byrne B, Willcutt EG, Olson RK, Corley R, Samuelsson S. Genetic and
Environmental Influences on Inattention, Hyperactivity-Impulsivity, and Reading: Kindergarten to
Grade 2. Scientific Studies of Reading. 2010; 14(4):293-316. DOI: 10.1080/10888430903150642
[PubMed: 20823940]

Eisenberg N, Fabes RA, Guthrie IK, Reiser M. Dispositional emotionality and regulation: their role in
predicting quality of social functioning. Journal of Personality and Social Psychology. 2000; 78(1):
136-157. DOI: 10.1037/0022-3514.78.1.136 [PubMed: 10653511]

Eley T. General Genes: A New Theme in Developmental Psychopathology. Current Directions in
Psychological Science. 1997; 6(4):90-95. DOI: 10.1111/1467-8721.ep11512831

Eley T, Hudson JL, Creswell C, Tropeano M, Lester KJ, Cooper P, Collier Da, et al. Therapygenetics:
the SHTTLPR and response to psychological therapy. Molecular Psychiatry. 2012; 17(3):236-237.
DOI: 10.1038/mp.2011.132 [PubMed: 22024766]

Eley T, Lichtenstein P, Moffitt TE. A longitudinal behavioral genetic analysis of the etiology of
aggressive and nonaggressive antisocial behavior. Development and Psychopathology. 2003;
15:383-402. DOI: 10.1017/S095457940300021X [PubMed: 12931834]

Elkins 13, McGue M, lacono WG. Genetic and environmental influences on parent-son relationships:
evidence for increasing genetic influence during adolescence. Developmental Psychology. 1997;
33(2):351-363. DOI: 10.1037/0012-1649.33.2.351 [PubMed: 9147842]

Ferdinand RF, Dieleman G, Ormel J, Verhulst FC. Homotypic versus heterotypic continuity of anxiety
symptoms in young adolescents: Evidence for distinctions between DSM-IV subtypes. Journal of
Abnormal Child Psychology. 2007; 35:325-333. DOI: 10.1007/s10802-006-9093-0 [PubMed:
17226094]

Gagne JR, Hill Goldsmith H. A longitudinal analysis of anger and inhibitory control in twins from 12
to 36 months of age. Developmental Science. 2011; 14(1):112-124. DOI: 10.1111/j.
1467-7687.2010.00969.x [PubMed: 21159093]

Garcia SE, Tully EC, Tarantino N, South S, Jacono WG, McGue M. Changes in genetic and
environmental influences on trait anxiety from middle adolescence to early adulthood. Journal of
Affective Disorders. 2013; 151(1):46-53. DOI: 10.1016/j.jad.2013.05.046 [PubMed: 23768528]

Ge X, Conger RD, Elder GH. Pubertal transition, stressful life events, and the emergence of gender
differences in adolescent depressive symptoms. Developmental Psychology. 2001; 37(3):404-417.
DOI: 10.1097/00004703-200110000-00022 [PubMed: 11370915]

Gillespie NA, Kirk KM, Evans DM, Heath AC, Hickie 1B, Martin N. Do the genetic or environmental
determinants of anxiety and depression change with age? A longitudinal study of Australian twins.
Twin Research and Human Genetics. 2004; 7(1):39-53. DOI: 10.1375/13690520460741435

Gregory AM, Caspi A, Moffitt TE, Koenen KC, Eley T, Poulton R. Juvenile mental health histories of
adults with anxiety disorders. American Journal of Psychiatry. 2007; 164:301-308. February. DOI:
10.1176/appi.ajp.164.2.301 [PubMed: 17267794]

Haberstick BC, Schmitz S, Young SE, Hewitt JK. Contributions of genes and environments to stability
and change in externalizing and internalizing problems during elementary and middle school.
Behavior Genetics. 2005; 35(4):381-96. DOI: 10.1007/s10519-004-1747-5 [PubMed: 15971020]

Haberstick BC, Schmitz S, Young SE, Hewitt JK. Genes and developmental stabiltiy of aggressive
behavior problems at home and school in a community sample of twins aged 7-12. Behavior
Genetics. 2006; 36:809-819. DOI: 10.1007/s10519-006-9092-5 [PubMed: 16816994]

Hallett V, Ronald A, Rijsdijk FV, Eley T. Phenotypic and genetic differentiation of anxiety-related
behaviours in middle childhood. Depression and Anxiety. 2009; 324:316—324. September 2008.
DOI: 10.1002/da.20539

Hankin BL, Abramson LY, Moffitt TE, Silva PA, McGee R, Angell KE. Development of depression
from preadolescence to young adulthood: eme. 1998; doi: 10.1037/0021-843X.107.1.128

Hannigan LJ, McAdams TA, Plomin R, Eley TC. Etiological Influences on Perceptions of Parenting: A
Longitudinal, Multi-Informant Twin Study. Journal of Youth and Adolescence. 2016; doi: 10.1007/
$10964-016-0419-0

Psychopathol Rev. Author manuscript; available in PMC 2017 March 21.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Hannigan et al.

Page 22

Harden KP, Quinn PD, Tucker-Drob EM. Genetically influenced change in sensation seeking drives
the rise of delinquent behavior during adolescence. Developmental Science. 2012; 15:150-163.
DOI: 10.1111/j.1467-7687.2011.01115.x [PubMed: 22251301]

Harrington R, Fudge H, Rutter M, Pickles A, Hill J. Adult outcomes of childhood and adolescent
depression. I. Psychiatric status. Archives of General Psychiatry. 1990; 47(5):465-473. DOI:
10.1001/archpsyc.1990.01810170065010 [PubMed: 2184797]

Hettema JM, Chen X, Sun C, Brown TA. Direct, indirect and pleiotropic effects of candidate genes on
internalizing disorder psychopathology. Psychological Medicine. 2015; :1-10. DOI: 10.1017/
S0033291715000021

Hinshaw SP. Externalizing behavior problems and academic underachievement in childhood and
adolescence: causal relationships and underlying mechanisms. Psychological Bulletin. 1992;
111(1):127-155. DOI: 10.1037/0033-2909.111.1.127 [PubMed: 1539086]

Hoekstra RA, Bartels M, Hudziak JJ, van Beijsterveldt CEM, Boomsma DI. Genetic and
environmental influences on the stability of withdrawn behavior in children: a longitudinal, multi-
informant twin study. Behavior Genetics. 2008; 38(5):447-61. DOI: 10.1007/s10519-008-9213-4
[PubMed: 18548343]

Hofstra MB, van der Ende J, Verhulst FC. Continuity and change of psychopathology from childhood
into adulthood: a 14-year follow-up study. Journal of the American Academy of Child and
Adolescent Psychiatry. 2000; 39(7):850-858. DOI: 10.1097/00004583-200007000-00013
[PubMed: 10892226]

Hofstra MB, van der Ende J, Verhulst FC. Child and adolescent problems predict DSM-1V disorders in
adulthood: a 14-year follow-up of a Dutch epidemiological sample. Journal of the American
Academy of Child and Adolescent Psychiatry. 2002; 41(2):182-189. DOI:
10.1097/00004583-200202000-00012 [PubMed: 11837408]

Huizink AC, van den Berg MP, van der Ende J, Verhulst FC. Longitudinal genetic analysis of
internalizing and externalizing problem behavior in adopted biologically related and unrelated
sibling pairs. Twin Research and Human Genetics. 2007; 10(1):55-65. DOI: 10.1375/twin.10.1.55
[PubMed: 17539365]

Jacobson KC, Prescott CA, Kendler KS. Sex differences in the genetic and environmental influences
on the development of antisocial behavior. Development and Psychopathology. 2002; 14(2):395-
416. DOI: 10.1017/S0954579402002110 [PubMed: 12030698]

Jaffee S, Hanscombe KB, Haworth CMA, Davis OSP, Plomin R. Chaotic homes and children's
disruptive behavior: a longitudinal cross-lagged twin study. Psychological Science. 2012; 23(6):
643-50. DOI: 10.1177/0956797611431693 [PubMed: 22547656]

Jaffee S, Price TS, Reyes TM. Behavior genetics: Past, present, future. Development and
Psychopathology. 2013; 25(4pt2):1225-1242. DOI: 10.1017/S0954579413000588 [PubMed:
24342837]

Kadosh KC, Linden DEJ, Lau JYF. Plasticity during childhood and adolescence: Innovative
approaches to investigating neurocognitive development. Developmental Science. 2013; 16(4):
574-583. DOI: 10.1111/desc.12054 [PubMed: 23786475]

Kan K-J, Dolan CV, Nivard MG, Middeldorp CM, van Beijsterveldt CEM, Willemsen G, Boomsma
DI. Genetic and environmental stability in attention problems across the lifespan: evidence from
the Netherlands twin register. Journal of the American Academy of Child & Adolescent
Psychiatry. 2013; 52(1):12-25. DOI: 10.1016/j.jaac.2012.10.009 [PubMed: 23265630]

Kendler KS, Gardner CO, Annas P, Michael C, Eaves LJ, Lichtenstein P. A Longitudinal Twin Study
of Fears From Middle Childhood to Early Adulthood: Evidence for a Developmentally Dynamic
Genome. Arch Gen Psychiatry. 2008; 65(4):421-429. [PubMed: 18391130]

Kendler KS, Gardner CO, Lichtenstein P. A developmental twin study of symptoms of anxiety and
depression: evidence for genetic innovation and attenuation. Psychological Medicine. 2008;
38(11):1567-75. DOI: 10.1017/S003329170800384 X [PubMed: 18578897]

Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime Prevalence and Age-
of-Onset Distributions of DSM-IV Disorders in the National Comorbidity Survey Replication.
Archives of General Psychiatry. 2005; 62(6):593.doi: 10.1001/archpsyc.62.6.593 [PubMed:
15939837]

Psychopathol Rev. Author manuscript; available in PMC 2017 March 21.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Hannigan et al.

Page 23

Kessler RC, Chiu WT, Demler O, Merikangas KR, Walters EE. Prevalence, severity, and comorbidity
of 12-month DSM-IV disorders in the National Comorbidity Survey Replication. Archives of
General Psychiatry. 2005; 62(6):617-627. DOI: 10.1001/archpsyc.62.6.617 [PubMed: 15939839]

Kim-Cohen J, Caspi A, Moffitt TE, Harrington H, Milne BJ, Poulton R. Prior juvenile diagnoses in
adults with mental disorder: developmental follow-back of a prospective-longitudinal cohort.
Archives of General Psychiatry. 2003; 60(7):709-717. DOI: 10.1001/archpsyc.60.7.709 [PubMed:
12860775]

Klein AM, Otto Y, Fuchs S, Reibiger I, von Klitzing K. A prospective study of behavioral and
emotional symptoms in preschoolers. European Child & Adolescent Psychiatry. 2015; 24(3):291-
299. DOI: 10.1007/s00787-014-0575-2 [PubMed: 24972693]

Knafo A, Jaffee S. Gene-environment correlation in developmental psychopathology. Development
and Psychopathology. 2013; 25(1):1-6. DOI: 10.1017/S0954579412000855 [PubMed: 23398748]

Kovacs M, Devlin B. Internalizing disorders in childhood. Journal of Child Psychology and Psychiatry,
and Allied Disciplines. 1998; 39(1):47-63.

Krebs G, Waszczuk MA, Zavos HMS, Bolton D, Eley T. Genetic and environmental influences on
obsessive-compulsive behaviour across development: a longitudinal twin study. Psychological
Medicine. 2014; :1-11. DOI: 10.1017/S0033291714002761

Kuntsi J, Rijsdijk FV, Ronald A, Asherson PJ, Plomin R. Genetic influences on the stability of
attention-deficit/hyperactivity disorder symptoms from early to middle childhood. Biological
Psychiatry. 2005; 57:647-654. DOI: 10.1016/j.biopsych.2004.12.032 [PubMed: 15780852]

Lacourse E, Boivin M, Brendgen M, Petitclerc A, Girard A, Vitaro F, Tremblay RE. A longitudinal
twin study of physical aggression during early childhood: evidence for a developmentally dynamic
genome. Psychological Medicine. 2014; 44(12):2617-2627. DOI: 10.1017/S0033291713003218
[PubMed: 24443874]

Lahey BB, Van Hulle Ca, Rathouz PJ, Rodgers JL, D'Onofrio B, Waldman ID. Are oppositional-
defiant and hyperactive-inattentive symptoms developmental precursors to conduct problems in
late childhood?: Genetic and environmental links. Journal of Abnormal Child Psychology. 2009;
37(1):45-58. DOI: 10.1007/s10802-008-9257-1 [PubMed: 18648930]

Lamb DJ, Middeldorp CM, van Beijsterveldt CEM, Bartels M, van der Aa N, Polderman TJC,
Boomsma DI. Heritability of Anxious-Depressive and Withdrawn Behavior: Age-Related Changes
During Adolescence. Journal of the American Academy of Child & Adolescent Psychiatry. 2010;
49(3):248-255. DOI: 10.1016/j.jaac.2009.11.014 [PubMed: 20410714]

Larsson B, Frisk M. Social competence and emotional/behaviour problems in 6- 16 year-old Swedish
school children. European Child and Adolescent Psychiatry. 1999; 8(1):24-33. DOI: 10.1007/
5007870050080 [PubMed: 10367738]

Larsson H, Lichtenstein P, Larsson J-O. Genetic contributions to the development of ADHD subtypes
from childhood to adolescence. Journal of the American Academy of Child and Adolescent
Psychiatry. 2006; 45(8):973-981. DOI: 10.1097/01.chi.0000222787.57100.d8 [PubMed:
16865040]

Larsson J-O, Larsson H, Lichtenstein P. Genetic and environmental contributions to stability and
change of ADHD symptoms between 8 and 13 years of age: a longitudinal twin study. Journal of
the American Academy of Child & Adolescent Psychiatry. 2004; 43(10):1267-1275. DOI:
10.1097/01.chi.0000135622.05219.bf [PubMed: 15381894]

Lau JYF, Eley T. Changes in genetic and environmental influences on depressive symptoms across
adolescence and young adulthood. The British Journal of Psychiatry. 2006; 189:422-7. DOI:
10.1192/bjp.bp.105.018721 [PubMed: 17077432]

Lau JYF, Eley T. The genetics of mood disorders. Annual Review of Clinical Psychology. 2010;
6:313-37. DOI: 10.1146/annurev.clinpsy.121208.131308

Lester KJ, Eley T. Therapygenetics: Using genetic markers to predict response to psychological
treatment for mood and anxiety disorders. Biology of Mood & Anxiety Disorders. 2013; 3(1):
4.doi: 10.1186/2045-5380-3-4 [PubMed: 23388219]

Lewis GJ, Plomin R. Heritable influences on behavioural problems from early childhood to mid-

adolescence: evidence for genetic stability and innovation. Psychological Medicine. 2015; :1-9.
DOI: 10.1017/S0033291715000173

Psychopathol Rev. Author manuscript; available in PMC 2017 March 21.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Hannigan et al.

Page 24

Loehlin JC. The Cholesky approach: A cautionary note. Behavior Genetics. 1996; 26(1):65-69. DOI:
10.1007/BF02361160

LoParo D, Waldman ID. Twins' Rearing Environment Similarity and Childhood Externalizing
Disorders: A Test of the Equal Environments Assumption. Behavior Genetics. 2014; 44(6):606—
613. DOI: 10.1007/s10519-014-9685-3 [PubMed: 25326879]

Lopez B, Turner RJ, Saavedra LM. Anxiety and risk for substance dependence among late adolescents/
young adults. Journal of Anxiety Disorders. 2005; 19(3):275-294. DOI: 10.1016/j.janxdis.
2004.03.001 [PubMed: 15686857]

Luo YLL, Haworth CMa, Plomin R. A novel approach to genetic and environmental analysis of cross-
lagged associations over time: the cross-lagged relationship between self-perceived abilities and
school achievement is mediated by genes as well as the environment. Twin Research and Human
Genetics. 2010; 13(5):426-436. DOI: 10.1375/twin.13.5.426 [PubMed: 20874463]

Malone SM, Taylor J, Marmorstein NR, McGue M, lacono WG. Genetic and environmental influences
on antisocial behavior and alcohol dependence from adolescence to early adulthood. Development
and Psychopathology. 2004; 16(4):943-966. DOI: 10.1017/50954579404040088 [PubMed:
15704822]

McLeod JD, Kaiser K. Childhood Emotional and Behavioral Problems and Educational Attainment.
American Sociological Review. 2004; doi: 10.1177/000312240406900502

Merikangas KR, He J-P, Brody D, Fisher PW, Bourdon K, Koretz DS. Prevalence and treatment of
mental disorders among US children in the 2001-2004 NHANES. Pediatrics. 2010; 125(1):75-81.
DOI: 10.1542/peds.2008-2598 [PubMed: 20008426]

Merikangas KR, He J-P, Burstein M, Swanson Sa, Avenevoli S, Cui L, Swendsen J. Lifetime
prevalence of mental disorders in U.S. adolescents: results from the National Comorbidity Survey
Replication--Adolescent Supplement (NCS-A). Journal of the American Academy of Child and
Adolescent Psychiatry. 2010; 49(10):980-989. DOI: 10.1016/j.jaac.2010.05.017 [PubMed:
20855043]

Mesman J, Koot HM. Early preschool predictors of preadolescent internalizing and externalizing
DSM-IV diagnoses. Journal of the American Academy of Child and Adolescent Psychiatry. 2001;
40(9):1029-1036. DOI: 10.1097/00004583-200109000-00011 [PubMed: 11556626]

Middeldorp CM, Cath DC, Van Dyck R, Boomsma DI. The co-morbidity of anxiety and depression in
the perspective of genetic epidemiology. A review of twin and family studies. Psychological
Medicine. 2005; 35(5):611-624. DOI: 10.1017/S003329170400412X [PubMed: 15918338]

Moffitt TE. Adolescence-limited and life-course-persistent antisocial behavior: a developmental
taxonomy. Psychological Review. 1993; 100(4):674-701. DOI: 10.1037/0033-295X.100.4.674
[PubMed: 8255953]

Moffitt TE, Caspi A. Childhood predictors differentiate life-course persistent and adolescence-limited
antisocial pathways among males and females. Development and Psychopathology. 2001; 13(2):
355-375. DOI: 10.1017/S0954579401002097 [PubMed: 11393651]

Nadder TS, Rutter M, Silberg JL, Maes HH, Eaves LJ. Genetic effects on the variation and covariation
of attention deficit-hyperactivity disorder (ADHD) and oppositional-defiant disorder/conduct
disorder (Odd/CD) symptomatologies across informant and occasion of measurement.
Psychological Medicine. 2002; 32(1):39-53. DOI: 10.1017/S0033291702229530 [PubMed:
11883729]

Neiderhiser JM, Reiss D, Hetherington E. Genetically informative designs for distinguishing
developmental pathways during adolescence: Responsible and antisocial behavior. Development
and Psychopathology. 1996; 8(04):779.doi: 10.1017/S0954579400007422

Nes RB, Rgysamb E, Reichborn-Kjennerud T, Harris JR, Tambs K. Symptoms of anxiety and
depression in young adults: genetic and environmental influences on stability and change. Twin
Research and Human Genetics. 2007; 10(3):450-61. DOI: 10.1375/twin.10.3.450 [PubMed:
17564503]

Niv S, Tuvblad C, Raine A, Baker LA. Aggression and rule-breaking: Heritability and stability of
antisocial behavior problems in childhood and adolescence. Journal of Criminal Justice. 2013;
41(5):285-291. DOI: 10.1016/j.jcrimjus.2013.06.014

Psychopathol Rev. Author manuscript; available in PMC 2017 March 21.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Hannigan et al.

Page 25

Niv S, Tuvblad C, Raine A, Wang P, Baker LA. Heritability and longitudinal stability of impulsivity in
adolescence. Behavior Genetics. 2012; 42:378-392. DOI: 10.1007/s10519-011-9518-6 [PubMed:
22089391]

Nivard MG, Dolan CV, Kendler KS, Kan K-J, Willemsen G, van Beijsterveldt CEM, Boomsma DI.
Stability in symptoms of anxiety and depression as a function of genotype and environment: a
longitudinal twin study from ages 3 to 63 years. Psychological Medicine. 2015; 45(05):1039-
1049. DOI: 10.1017/S003329171400213X [PubMed: 25187475]

O'Connor TG, Neiderhiser JM, Reiss D, Hetherington E, Plomin R. Genetic contributions to
continuity, change, and co-occurrence of antisocial and depressive symptoms in adolescence.
Journal of Child Psychology and Psychiatry, and Allied Disciplines. 1998; 39(3):323-336. DOI:
10.1017/S0021963097002126

Ollendick TH, King NJ. Diagnosis, assessment, and treatment of internalizing problems in children:
the role of longitudinal data. Journal of Consulting and Clinical Psychology. 1994; 62(5):918-27.
DOI: 10.1037/0022-006X.62.5.918 [PubMed: 7806721]

Paus T, Keshavan M, Giedd JN. Why do many psychiatric disorders emerge during adolescence?
Nature Reviews Neuroscience. 2008; 9(12):947-957. DOI: 10.1038/nrn2513 [PubMed:
19002191]

Plomin R. Commentary: Why are children in the same family so different? Nonshared environment a
decade later. Canadian Journal of Psychiatry. 2011; doi: 10.1093/ije/dyql44

Plomin, R., DeFries, JC., Knopik, VS., Neiderhiser, JM. Behavioral Genetics. 6th ed. New York:
Worth Publishers; 2013.

Plomin R, Emde RN, Braungart J, Campos J, Corley R, Fulker D, Zahn-Waxler C. Genetic change and
continuity from fourteen to twenty months: the MacArthur Longitudinal Twin Study. Child
Development. 1993; 64(5):1354-1376. DOI: 10.2307/1131539 [PubMed: 8222877]

Plomin R, Willerman L, Loehlin JC. Resemblance in appearance and the equal environments
assumption in twin studies of personality traits. Behavior Genetics. 1976; 6(1):43-52. DOI:
10.1007/BF01065677 [PubMed: 943160]

Polderman TJC, Huizink AC, Verhulst FC, van Beijsterveldt CEM, Boomsma DI, Bartels M. A genetic
study on attention problems and academic skills: Results of a longitudinal study in twins. Journal
of the Canadian Academy of Child and Adolescent Psychiatry. 2011; 20(1):22-34. [PubMed:
21286366]

Price TS, Simonoff E, Asherson PJ, Curran S, Kuntsi J, Waldman ID, Plomin R. Continuity and
change in preschool ADHD symptoms: Longitudinal genetic analysis with contrast effects.
Behavior Genetics. 2005; 35(2):121-132. DOI: 10.1007/s10519-004-1013-x [PubMed:
15685426]

Rapee RM, Schniering Ca, Hudson JL. Anxiety disorders during childhood and adolescence: origins
and treatment. Annual Review of Clinical Psychology. 2009; 5:311-41. DOI: 10.1146/
annurev.clinpsy.032408.153628

Rhee SH, Waldman ID. Genetic and environmental influences on antisocial behavior: A meta-analysis
of twin and adoption studies. Psychological Bulletin. 2002; 128(3):490-529. DOI:
10.1037//0033-2909.128.3.490 [PubMed: 12002699]

Rice F, Harold GT, Thapar A. The genetic aetiology of childhood depression: A review. Journal of
Child Psychology and Psychiatry and Allied Disciplines. 2002 Jan.doi:
10.1111/1469-7610.00004

Rietveld MJH, Hudziak JJ, Bartels M, van Beijsterveldt CEM, Boomsma DI. Heritability of attention
problems in children: longitudinal results froma studyof twins, age 3 to12. Journal of Child
Psychology and Psychiatry. 2004; 45(3):577-588. DOI: 10.1002/ajmg.b.10024 [PubMed:
15055376]

Rijsdijk FV, Sham PC. Analytic approaches to twin data using structural equation models. Briefings in
Bioinformatics. 2002; 3(2):119-33. DOI: 10.1093/bib/3.2.119 [PubMed: 12139432]

Roberson-Nay R, Eaves LJ, Hettema JM, Kendler KS, Silberg JL. Childhood separation anxiety
disorder and adult onset panic attacks share a common genetic diathesis. Depression and Anxiety.
2012; 29(4):320-327. DOI: 10.1002/da.21931 [PubMed: 22461084]

Psychopathol Rev. Author manuscript; available in PMC 2017 March 21.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Hannigan et al.

Page 26

Roza SJ, Hofstra MB, Van Der Ende J, Verhulst FC. Stable prediction of mood and anxiety disorders
based on behavioral and emotional problems in childhood: A 14-year follow-up during
childhood, adolescence, and young adulthood. American Journal of Psychiatry. 2003 Dec.
160:2116-2121. DOI: 10.1176/appi.ajp.160.12.2116 [PubMed: 14638580]

Rutter M. Pathways of genetic influences on psychopathology. European Review. 2004; 12(01):19-33.
DOI: 10.1017/51062798704000031

Rutter M, Kim-Cohen J, Maughan B. Continuities and discontinuities in psychopathology between
childhood and adult life. Journal of Child Psychology and Psychiatry and Allied Disciplines.
2006; 47:276-295. DOI: 10.1111/j.1469-7610.2006.01614.x

Rutter M, Silberg JL. Gene-environment interplay in relation to emotional and behavioral disturbance.
Annual Review of Psychology. 2002; 53:463-90. DOI: 10.1146/annurev.psych.
53.100901.135223

Rutter M, Silberg JL, O'Connor TG, Simonoff E. Genetics and child psychiatry: |1 Empirical research
findings. Journal of Child Psychology and Psychiatry, and Allied Disciplines. 1999; 40(1):19-55.
DOI: 10.1111/1469-7610.00423

Scarr S, McCartney K. How people make their own environments: a theory of genotype greater than
environment effects. Child Development. 1983; 54(2):424-435. DOI: 10.2307/1129703
[PubMed: 6683622]

Schmitz S, Fulker D, Mrazek Da. Problem behavior in early and middle childhood: An initial behavior
genetic analysis. Journal of Child Psychology and Psychiatry and Allied Disciplines. 1995; 36(8):
1443-1458. DOI: 10.1111/j.1469-7610.1995.th01674.x

Scourfield J, Rice F, Thapar A, Harold GT, Martin N, McGuffin P. Depressive symptoms in children
and adolescents: changing aetiological influences with development. Journal of Child Psychology
and Psychiatry. 2003; 44(7):968-76. DOI: 10.1111/1469-7610.00181 [PubMed: 14531579]

Silberg JL, Rutter M, Eaves LJ. Genetic and environmental influences on the temporal association
between earlier anxiety and later depression in girls. Biological Psychiatry. 2001; 49(12):1040—
1049. DOI: 10.1016/S0006-3223(01)01161-1 [PubMed: 11430845]

Silberg J, Pickles A, Rutter M, Hewitt J, Simonoff E, Maes H, Eaves L. The influence of genetic
factors and life stress on depression among adolescent girls. Archives of General Psychiatry.
1999; 56(3):225-232. DOI: 10.1001/archpsyc.56.3.225 [PubMed: 10078499]

Sourander A, Helsteld L. Childhood predictors of externalizing and internalizing problems in
adolescence: A prospective follow-up study from age 8 to 16. European Child and Adolescent
Psychiatry. 2005; 14(8):415-423. DOI: 10.1007/s00787-005-0475-6 [PubMed: 16341497]

Takahashi Y, Yamagata S, Kijima N, Shigemasu K, Ono Y, Ando J. Continuity and change in
behavioral inhibition and activation systems: A longitudinal behavioral genetic study. Personality
and Individual Differences. 2007; 43(6):1616-1625. DOI: 10.1016/j.paid.2007.04.030

Taylor MJ, Charman T, Robinson EB, Plomin R, Happé F, Asherson PJ, Ronald A. Developmental
associations between traits of autism spectrum disorder and attention deficit hyperactivity
disorder: a genetically informative, longitudinal twin study. Psychological Medicine. 2013;
43:1735-46. DOI: 10.1017/S003329171200253X [PubMed: 23158218]

Thapar A, Collishaw S, Pine DS, Thapar AK. Depression in adolescence. Lancet. 2012; 379(9820):
1056-67. DOI: 10.1016/S0140-6736(11)60871-4 [PubMed: 22305766]

Tomarken AJ, Waller NG. Structural equation modeling: strengths, limitations, and misconceptions.
Annual Review of Clinical Psychology. 2005; 1:31-65. DOI: 10.1146/annurev.clinpsy.
1.102803.144239

Traylor M, Markus H, Lewis CM. Homogeneous case subgroups increase power in genetic association
studies. European Journal of Human Genetics. 2014 Apr.:1-7. DOI: 10.1038/ejhg.2014.194

Tremblay RE, Nagin DS, Séguin JR, Zoccolillo M, Zelazo PD, Boivin M, Japel C, et al. Physical
aggression during early childhood: trajectories and predictors. The Canadian Child and
Adolescent Psychiatry Review = La Revue Canadienne de Psychiatrie de L'enfant et de
L'adolescent. 2005; 14(1):3-9. DOI: 10.1542/peds.114.1.e43

Trzaskowski M, Davis OSP, DeFries JC, Yang J, Visscher PM, Plomin R. DNA evidence for strong
genome-wide pleiotropy of cognitive and learning abilities. Behavior Genetics. 2013; 43(4):267—
273. DOI: 10.1007/s10519-013-9594-x [PubMed: 23609157]

Psychopathol Rev. Author manuscript; available in PMC 2017 March 21.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Hannigan et al.

Page 27

Trzaskowski M, Zavos HMS, Haworth CMa, Plomin R, Eley T. Stable genetic influence on anxiety-
related behaviours across middle childhood. Journal of Abnormal Child Psychology. 2012; 40(1):
85-94. DOI: 10.1007/s10802-011-9545-z [PubMed: 21766214]

Tully EC, lacono WG, McGue M. Changes in genetic and environmental influences on the
development of nicotine dependence and major depressive disorder from middle adolescence to
early adulthood. Development and Psychopathology. 2010; 22(2010):831-848. DOI: 10.1017/
S0954579410000490 [PubMed: 20883585]

Turkheimer EN. Three Laws of Behavior Genetics and What They Mean. Current Directions in
Psychological Science. 2000; 9(5):160-164. DOI: 10.1111/1467-8721.00084

Turkheimer EN, Waldron M. Nonshared environment: a theoretical, methodological, and quantitative
review. Psychological Bulletin. 2000; 126(1):78-108. DOI: 10.1037//0033-2909.1261.78
[PubMed: 10668351]

Tuvblad C, Eley T, Lichtenstein P. The development of antisocial behavior from childhood to
adolescence: A longitudinal twin study. European Child and Adolescent Psychiatry. 2005;
14:216-225. DOI: 10.1007/s00787-005-0458-7 [PubMed: 15981133]

Tuvblad C, Narusyte J, Grann M, Sarnecki J, Lichtenstein P. The genetic and environmental etiology
of antisocial behavior from childhood to emerging adulthood. Behavior Genetics. 2011; 41(5):
629-40. DOI: 10.1007/s10519-011-9463-4 [PubMed: 21431322]

Tuvblad C, Raine A, Zheng M, Baker LA. Genetic and environmental stability differs in reactive and
proactive aggression. Aggressive Behavior. 2009; 35:437-452. July 2008. DOI: 10.1002/ab.
20319 [PubMed: 19688841]

Van Beijsterveldt CEM, Bartels M, Hudziak JJ, Boomsma DI. Causes of stability of aggression from
early childhood to adolescence: A longitudinal genetic analysis in Dutch twins. Behavior
Genetics. 2003; 33(5):591-605. DOI: 10.1023/A:1025735002864 [PubMed: 14574135]

Van Den Berg SM, Willemsen G, De Geus EJC, Boomsma DI. Genetic etiology of stability of
attention problems in young adulthood. American Journal of Medical Genetics -
Neuropsychiatric Genetics. 2006; 141 B(1):55-60. DOI: 10.1002/ajmg.b.30251

Van den Oord EJCG, Rowe DC. Continuity and change in children's social maladjustment: a
developmental behavior genetic study. Developmental Psychology. 1997; 33(2):319-332. DOI:
10.1037/0012-1649.33.2.319 [PubMed: 9147840]

Van der Valk J, van den Oord EJCG, Verhulst FC, Boomsma DI. Genetic and environmental
contributions to stability and change in children's internalizing and externalizing problems.
Journal of the American Academy of Child & Adolescent Psychiatry. 2003; 42(10):1212-1220.
[PubMed: 14560171]

Van der Valk J, Verhulst FC, Neale MC, Boomsma DI. Longitudinal genetic analysis of problem
behaviors in biologically related and unrelated adoptees. Behavior Genetics. 1998; 28(5):365—
380. DOI: 10.1023/A:1021621719059 [PubMed: 9926618]

Van Grootheest DS, Bartels M, Cath DC, Beekman AT, Hudziak JJ, Boomsma DI. Genetic and
environmental contributions underlying stability in childhood obsessive-compulsive behavior.
Biological Psychiatry. 2007; 61(3):308-15. DOI: 10.1016/j.hiopsych.2006.05.035 [PubMed:
16950209]

Van Grootheest DS, Cath DC, Hottenga JJ, Beekman AT, Boomsma DI. Genetic factors underlie
stability of obsessive-compulsive symptoms. Twin Research and Human Genetics. 2009; 12(5):
411-419. DOI: 10.1375/twin.12.5.411 [PubMed: 19803768]

Van Hulle, Ca, Waldman, 1D., D'Onofrio, B., Rodgers, JL., Rathouz, PJ., Lahey, BB. Developmental
structure of genetic influences on antisocial behavior across childhood and adolescence. Journal
of Abnormal Psychology. 2009; 118(4):711-721. DOI: 10.1037/a0016761 [PubMed: 19899841]

Verhulst FC, van der Ende J. The eight-year stability of problem behavior in an epidemiologic sample.
Pediatric Research. 1995; 38(4):612—-617. DOI: 10.1203/00006450-199510000-00023 [PubMed:
8559618]

Vierikko E, Pulkkinen L, Kaprio J, Rose RJ. Genetic and environmental sources of continuity and
change in teacher-rated aggression during early adolescence. Aggressive Behavior. 2006;
32:308-320. (April 2004). DOI: 10.1002/ab.20117

Psychopathol Rev. Author manuscript; available in PMC 2017 March 21.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Hannigan et al.

Page 28

Wang Z, Deater-Deckard K, Petrill SA, Thompson LA. Externalizing problems, attention regulation,
and household chaos: A longitudinal behavioral genetic study. Development and
Psychopathology. 2012 Aug.doi: 10.1017/S0954579412000351

Waszczuk MA, Zavos HMS, Eley T. Genetic and environmental influences on relationship between
anxiety sensitivity and anxiety subscales in children. Journal of Anxiety Disorders. 2013; 27(5):
475-84. DOI: 10.1016/j.janxdis.2013.05.008 [PubMed: 23872507]

Waszczuk MA, Zavos HMS, Gregory AM, Eley T. The continuity and change of aetiological
influences on depression, anxiety disorder symptoms and their co-occurrence across adolescence
and young adulthood. Psychological Medicine. 2016; doi: 10.1017/S0033291715001634

Waszczuk MA, Zavos HMS, Gregory AM, Eley T. The Phenotypic and Genetic Structure of
Depression and Anxiety Disorder Symptoms in Childhood, Adolescence, and Young Adulthood.
JAMA Psychiatry. 2014; 71(8):905-916. DOI: 10.1001/jamapsychiatry.2014.655 [PubMed:
24920372]

Weems CF. Developmental trajectories of childhood anxiety: Identifying continuity and change in
anxious emotion. Developmental Review. 2008; 28(4):488-502. DOI: 10.1016/j.dr.2008.01.001

Weissman MM, Wolk S, Wickramaratne P, Goldstein RB, Adams P, Greenwald S, Steinberg D, et al.
Children with prepubertal-onset major depressive disorder and anxiety grown up. Archives of
General Psychiatry. 1999; 56(9):794-801. DOI: 10.1001/archpsyc.56.9.794 [PubMed: 12884885]

Wertz J, Zavos H, Matthews T, Harvey K, Hunt A, Pariante CM, Arseneault L. Why some children
with externalising problems develop internalizing symptoms: testing two pathways in a
genetically sensitive cohort study. Journal of Child Psychology and Psychiatry. 2015; 56(7):738—
746. DOI: 10.1111/jcpp.12333 [PubMed: 25292456]

Wichers M, Gardner CO, Maes HH, Lichtenstein P, Larsson H, Kendler KS. Genetic innovation and
stability in externalizing problem behavior across development: a multi-informant twin study.
Behavior Genetics. 2013; 43(3):191-201. DOI: 10.1007/s10519-013-9586-x [PubMed:
23377846]

Zavos HMS, Gregory AM, Eley T. Longitudinal genetic analysis of anxiety sensitivity. Developmental
Psychology. 2012; 48(1):204-12. DOI: 10.1037/a0024996 [PubMed: 21842987]

Psychopathol Rev. Author manuscript; available in PMC 2017 March 21.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Hannigan et al.

Page 29

Box 1
Structural equation modelling in twin studies

The classical twin design involves comparing the degree of similarity between MZ
(sharing 100% of their genes) and DZ (sharing on average 50% of their segregating
genes) twin pairs. These relative differences in within-pair correlations allow estimations
of the influences caused by additive genetic (A), shared environmental (C) and non-
shared environmental (E) components of variance. The components can be estimated as
follows:

A=2(rMZ —rDZ)
C=rMZ - A
E=1- A+C

The A component of variance captures the summed influence of all additive genetic
effects on the phenotype and is evident when MZ twins are more phenotypically similar
than DZ twins. C captures all non-genetic (i.e., environmental) similarity and is evident
when DZ twin correlations are greater than half the magnitude of MZ twin correlations. E
captures all non-genetic influences that make individuals in the same family different
from one another, including measurement error. E is evident in the extent to which MZ
twins, sharing all their genes and rearing environment, do not correlate perfectly for a
given phenotype. Figure A shows an example of a univariate twin model, in which these
components are estimated.

In cases where the extent of genetic similarity for a phenotype exceeds that which would
be expected from the additive genetic overlap (e.g., for the twin model, if rDZ < 0.5 *
rMZ), non-additive influences (D) are indicated and can be estimated instead of C. When
estimated, D component of variance captures the effect of any interactions between
alleles within (dominance) and across (epistasis) loci. For a more detailed introduction to
structural equation modelling in behavioural genetics, see Plomin et al. (2013) and
Rijsdijk & Sham (2002).
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Figure A. Univariate twin model
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Box 2

Behavioural genetic analysis of longitudinal data: Cholesky decomposition,
correlated factors solution and simplex model

In a longitudinal Cholesky decomposition (Figure B), the relative influence of stable, pre-
existing aetiological factors is equivalent to the squared parameter estimates for cross-
time paths into a variable (e.g., for T3, the paths running from A1/C1/E1 and A2/C2/E2
to T3). Similarly, the influence of new aetiological factors at T3 is equal to the squared
estimates of the paths between variance components A3/C3/E3 and variable T3.

Where Cholesky decompositions were not presented in the studies, several sets of results
could be presented comparably, thanks to the mathematical equivalence of other
commonly used models (see Loehlin, 1996 for a full explanation). For example,
Cholesky-equivalent estimates of aetiological contributions to stability and change can
therefore be derived from the correlated factors solution (Figure C) and the simplex
model (Figure D). The simplex model differs only in its separation of innovative effects
(e.g., Ai), which can be transmitted along lateral paths, and time-specific effects (e.g.,
As), which are unique to one wave only.

Results from these models are presented entirely comparably in the majority of cases. For
an outline of the differences in the conceptualisation of stability and change associated
with common and independent pathway models, see Box 3.
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Figure B. Longitudinal Cholesky decomposition
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Figure C. Correlated factors solution
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Box 3

Behavioural genetic analysis of longitudinal data: Common and
independent pathway models

Figure E shows an independent pathway model, which was used in several studies
included in this review. In this model, aetiological influences are sub-divided into those
that are common to all waves (AC, CC, EC) and those specific to each wave (AS, CS,
ES). In this way, the conceptualisation of aetiological stability is subtly different to the
Cholesky decomposition and related models. In the independent pathway model,
aetiological stability is estimated by squaring the path coefficient from a common
aetiological factor (e.g., AC) to an observed variable (e.g. T2). New aetiological
influences are time specific variance components at, in this example, T2 and T3.

The common pathway model (Figure F) is a more constrained model, for which the
conceptualisation of stability and change is similar to the independent pathway maodel.
Stable variance common to all waves is modelled as an underlying latent factor (L), with
one set of variance components (AC, CC, EC). Stable aetiological influence at a specific
wave is therefore represented by these variance components, weighted by the path
loading between the latent factor and the observed variable.
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Figure 1. Selection process for inclusion of studies in the review synthesis
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