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Genetic Influences on Anxiety in Children: What we’ve Learned
and Where we're Heading

Alice M. Gregory,"*> and Thalia C. Eley”

Anxiety is a common problem, typically beginning early in life. This article explores reasons
for individual differences in levels of anxiety among children, by reviewing the genetic liter-
ature. The plethora of research to date has demonstrated clearly that both genes and envi-
ronmental influences play important roles in explaining differences in levels of anxiety of
various types among children. This has encouraged researchers to search for specific genes and
environmental influences upon anxiety. Despite important progress in identifying links be-
tween anxiety and specific genes—including associations between serotonin and dopamine
genes and different symptoms of anxiety—overall, progress has been slow because multiple
genes of small effect size are likely to influence anxiety. This article explains how the hunt for
genes involved in anxiety is likely to benefit from genetically sensitive research, which exam-
ines the co-occurrence of symptoms; includes measures of the environment; and examines

endophenotypes and risk pathways.
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INTRODUCTION

Anxiety is characterized by fear, concern or
dread. This may be related to a specific event or sit-
uation that is perceived threatening, or may be more
pervasive. Individuals with high levels of anxiety may
meet criteria for an anxiety disorder, of which there
are many types (Diagnostic and Statistical Manual of
Mental Disorders-1V, American Psychiatric Associ-
ation, 1994). Although anxiety is a common difficulty
occurring throughout the life-course it typically be-
gins early in life (Gregory et al.,, 2007; Kessler,
Berglund, Demler, Jin, & Walters, 2005), which sug-
gests that research examining the origins of anxiety
may be beneficial in childhood. While most children
show at least some symptoms of anxiety, the exact
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prevalence of anxiety disorders is debatable. For
example, a review of epidemiological studies exam-
ining rates of anxiety disorders in preadolescent
children reported prevalence rates between 2.6 and
41.2% (Cartwright-Hatton, McNicol, & Doubleday,
20006).

Given the widespread nature of childhood anxi-
ety, researchers are trying to understand more about
why anxiety develops and persists. One research area
of rapid growth in this respect is genetics and this
type of research has tended to focus upon symptoms
of anxiety within the full range as opposed to anxiety
disorders. A sceptic may point out that we are stuck
with the genes that we are born with and argue that
therefore, understanding the way in which genes
influence behavior is of little use. However, as will be
discussed in the course of this article, it is becoming
increasingly clear that although it is true that our
genes do not change throughout development, genes
may become more or less influential over time; and
the environment can influence the way in which our
genes impact upon our emotions and behaviors. This
article will document the progress that has been made
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in understanding genetic and environmental influ-
ences on childhood anxiety. Although there are
numerous reviews of this literature (e.g., Eley, 1999)
this review is novel in its greater emphasis on current
research efforts that may take us further toward the
ultimate aims of identifying those at risk for devel-
oping anxiety, and improving preventions and treat-
ments for these common difficulties. While it is
beyond the scope of this article to include an
exhaustive review of genetic research on childhood
anxiety, central themes are outlined and illustrated
with key research articles.

FAMILY, TWIN, AND ADOPTION STUDIES

Family studies have demonstrated that anxiety
runs in families (e.g., Biederman, Rosenbaum,
Bolduc, Faraone, & Hirshfeld, 1991; Last, Hersen,
Kazdin, Orvaschel, & Perrin, 1991; Turner, Beidel, &
Costello, 1987; Weissman, Leckman, Merikangas,
Gammon, & Prusoff, 1984). For example, a classic
family study compared anxiety in normal school
children and those of parents with anxiety disorders,
dysthymia or who had never been mentally ill (Turner
et al., 1987). The children of anxious parents were
more likely to be diagnosed with an anxiety disorder
as compared to the other groups of children. Despite
the ability of these studies to highlight familiality,
they go no way toward disentangling genetic and
environmental influences on anxiety.

In order to estimate the influences of genetic
and environmental factors on a trait two main types
of studies have been used, namely twin and adop-
tion studies. These studies are also able to distin-
guish environmental influences that are shared from
those that are non-shared. The rationale for twin
and adoption studies and their limitations are
discussed.

Twin studies are able to disentangle genetic and
environmental influences by comparing within-pair
similarity for groups of monozygotic (MZ) twins who
are genetic clones, and dizygotic (DZ) twins who
share on average half their segregating genes (Plomin,
DeFries, McClearn, & McGuffin, 2001).

In the standard univariate twin design, variance
in a phenotype (V) is divided into three latent
(estimated) factors described as additive genetics (A4),
common or shared environment (C), and non-shared
environment (E), so that

Vo=A+C+E. (1)

Gregory and Eley

Additive genetics refers to the effects of alleles
(alternative forms of a gene) or loci “adding up.”
Shared environment can be defined as environmental
influences making family members resemble one an-
other, and typically includes within family influences
such as family socio-economic status. Non-shared
environment refers to environmental influences that
do not result in increased similarity between family
members. A possible example of a non-shared envi-
ronmental influence is peer group, which could act so
as to make siblings differ from one another.

Resemblance within monozygotic (MZ) twin
pairs (ryvz) is due to genes and shared environment,
thus

Resemblance within DZ pairs (rpz) is due to
sharing half their segregating genes and their shared
environment, such that

rpz = 'hA4+ C. (3)

From equations (2) and (3) it is possible to esti-
mate heritability as twice the difference between the
MZ and DZ correlations

A = 2(rmz — rpz)- (4)

Shared environment can be estimated as the
difference between the MZ correlation (2) and heri-
tability (4)

C= Mz — A. (5)

Non-shared environmental influence is the only
thing that makes identical twins differ from one an-
other, and can therefore be calculated as the total
phenotypic variance (1), which is usually standard-
ized to 1 for ease of interpretation, minus the ryz
correlation (2)

E=1 — I'mMz- (6)

Twin data can also be used to estimate the effects
of genetic dominance, which refers to the interaction
of different alleles at a locus. Dominance is rarely seen
in data on anxiety, so is not discussed further (for
more detail of dominance see Plomin et al., 2001).

Whilst twin studies have been described as “‘the
perfect natural experiment” (Martin, Boomsma, &
Machin, 1997) they are not without limitations, three
of which are outlined (for a more comprehensive
discussion of limitations of twin studies, see Plomin
et al., 2001; Rutter, 2006). The first limitation
concerns chorionicity. All DZ twins are dichorionic
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(they had separate sacs in the amnion), whereas only
one-third of MZ twins are dichorionic. The remain-
ing two-thirds of MZ twins are monochorionic,
having shared a single sac in the amnion. Critics of
the twin methodology argue that increased pre-natal
similarity due to monochorionicity increases similar-
ity between monochorionic MZ twins, which would
result in an artificial inflation of estimates of herita-
bility. This possibility is balanced by the finding that
monochorionic twins are more likely to experience
birth defects than dichorionic twins (Adegbite, Cas-
tille, Ward, & Bajoria, 2004)—which typically act so
as to make twins less similar to one another and
therefore result in artificially decreasing estimates of
heritability.

The second limitation focuses upon the equal
environments assumption, which proposes that the
only reason that MZ twins are more similar on a trait
than DZ twins is because they share more segregating
genes. Twin studies assume that environmental
influences do not make MZ twins more similar to one
another than DZ twins, because it is held that both
types of twins have equally similar environments.
However, if MZ twins share more similar environ-
ments than DZ twins these assumptions are not valid.
The equal environments assumption has been ques-
tioned with the suggestion that the increased physical
similarities seen in MZ twins lead to them being
treated more similarly than DZ twins. Support for
this suggestion comes from noting that MZ twins are
more likely to be dressed the same and to share
bedrooms than are DZ twins (Loehlin & Nicholls,
1976). Despite these differences, the aspects of the
environment that differ by zygosity do not appear to
be those that have much effect on psychopathology
concordance (Rutter et al., 1990). Furthermore, the
finding that MZ twins are treated more similarly than
DZ twins on certain traits may not be a serious
problem for twin research, as when MZ twins are
treated more similarly than DZ twins this appears to
be due to their increased genetic resemblance. For
example, research demonstrates that MZ twins mis-
labeled as DZ twins are treated as similarly as cor-
rectly labeled MZ twins (e.g., Goodman & Stevenson,
1991). This suggests that zygosity attribution alone
does not lead to the more similar treatment of MZ
compared to DZ twins.

The final limitation to be addressed concerns
generalizability. The results of twin studies are
applied to the non-twin population and for this to be
acceptable, twins must be similar to non-twins.
However, the literature emphasizes certain ways in
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which twins differ from non-twins. Specifically, twins
are more likely to be born prematurely, weigh less at
birth, and to develop language later (MacGillivray,
Campbell, & Thompson, 1988; Rutter, Thorpe,
Greenwood, Northstone, & Golding, 2003). Twins
may also have older mothers, be more likely to be
born as a result of in vitro fertilization and have
mothers who are more likely to experience depression
following their birth as compared to singletons
(Capron, Vetta, Duyme, & Vetta, 1999; Thorpe,
Golding, MacGillivray, & Greenwood, 1991).
Despite these differences, literature focusing upon
psychopathologies typically emphasizes ways in
which twins and non-twins are similar (e.g., Ehringer,
Rhee, Young, Corley, & Hewitt, 2006). Whereas
some of these potential limitations results in an in-
flated estimation of heritability, others result in a
decreased estimation of heritability—and so long as
heritability estimates are interpreted generally, we
consider these limitations acceptable.

Adoption studies, of which fewer focus upon
childhood anxiety, compare biologically related and
biologically unrelated siblings or parent—child pairs
allowing the comparison of environmental and
genetic influences on phenotypes of interest. These
studies have a different set of limitations, three of
which are outlined here. The first limitation concerns
the representativeness of families involved in adop-
tion. It is possible that families involved in adoption
are not representative of the general population
(Stoolmiller, 1999)—suggesting that the results of
adoption studies may not be applicable to the general
population. The second limitation concerns the
assumption that biological mothers are similar to
their children for genetic but not environmental rea-
sons. However, biological mothers provide the child’s
environment for 9 months, which could increase their
similarity beyond that produced by genetic factors.
This would result in an artificial inflation of genetic
influences. The final limitation concerns the possi-
bility of selective placement, whereby adoptive fami-
lies are matched on certain characteristics (e.g., SES,
height, coloring etc) to biological parents. Whilst this
latter possibility would artificially inflate estimations
of shared environment for some traits, there is little
evidence that this occurs for psychological traits such
as anxiety.

Despite their different set of limitations, twin and
adoption studies have been fairly consistent in
showing that childhood anxiety is heritable and
that both shared and non-shared environmental
factors may also play a role. The finding that shared
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environmental influences may be important is par-
ticularly noteworthy given the rarity with which this
parameter is found for most other behavioral disor-
ders, in both children and adults. In particular, adult
studies of anxiety disorders have been notable in the
lack of significant influence of shared environment
(e.g., see Hettema, Neale, & Kendler, 2001 for a re-
view). This emphasizes the need for separate research
into anxiety disorders in children and adolescents,
among whom the shared environment has been
demonstrated to be a significant influence.

EXPLORING SOURCES OF HETEROGENEITY

Although it is possible to draw general conclu-
sions about the relative magnitude of genetic and
environmental influences on anxiety, it is important
to note that there is a great deal of heterogeneity in
estimates stemming from different studies. This het-
erogeneity may come from discrepancies between
studies including differences in (1) the phenotype
under examination, and (2) the demographics of the
participants. These two sources of heterogeneity will
be discussed in turn.

Phenotype

The term “phenotype” refers to the observable
characteristics of an organism. Twin and adoption
studies focusing upon anxiety have explored a wide
range of different phenotypes (e.g., anxiety of differ-
ent types and severity) and this section presents
results of these genetic studies.

Anxiety: Personality, Symptoms, or Disorders

Anxiety can be measured as a personality trait,
in terms of symptoms or as a disorder. Twin studies
which have examined anxiety as a personality trait
have demonstrated genetic influence on behavioral
inhibition—which refers to fearful reaction when
confronted with novelty (Robinson, Kagan, Reznick,
& Corley, 1992), fearfulness (see Goldsmith & Le-
mery, 2000), neuroticism (Thapar & McGulffin, 1996),
and shyness and emotionality (Saudino, Cherny, &
Plomin, 2000). In contrast to these twin studies, one
adoption study employing parent-report, showed no
evidence for the heritability of emotionality in chil-
dren aged between 1 and 7 years (Plomin, Coon,
Carey, DeFries, & Fulker, 1991)—although a sub-
sequent adoption study of children aged 7 years old
provided evidence for the heritability of emotionality
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based on teacher reports (Schmitz, Saudino, Plomin,
Fulker, & DeFries, 1996). Studies examining symp-
toms of anxiety (Thapar & McGuffin, 1995; Topolski
et al., 1997) and anxiety disorders (Bolton et al.,
2006) in children also report evidence for the herita-
bility of these phenotypes.

Anxiety: Full-range vs. Extremes

Within studies focusing upon anxiety, it is pos-
sible to distinguish symptoms in the full range and at
the high extreme. Few studies have examined whether
the heritability of childhood anxiety is similar at the
extremes as in the full-range, partly reflecting the large
sample-size necessary to address this issue. The studies
that have examined this issue demonstrate that heri-
tability estimates are similar in the full range as in the
extremes for a range of different phenotypes including
fear and anxiety symptoms (e.g., Goldsmith &
Lemery, 2000; Stevenson, Batten, & Cherner, 1992).
This suggests that vulnerability factors for anxiety
may operate along a continuum, and that anxiety
disorders may simply be the extremes of quantitative
traits. Further research employing very large samples
is necessary to confirm this tentative conclusion.

Anxiety. Different Types

In addition to acknowledging differences be-
tween studies in the severity of anxiety, it is possible
to differentiate various types of anxiety. The Diag-
nostic and Statistical Manual of Mental Disorders-1V
(American Psychiatric Association, 1994) distin-
guishes between anxiety disorders including separa-
tion anxiety, panic, agoraphobia, specific phobia,
social phobia, obsessive-compulsive disorder, post-
traumatic stress disorder, and generalized anxiety
disorder. Given age differences in the onset of these
different disorders (Kessler et al., 2005) much of the
childhood anxiety literature has focused upon diffi-
culties that typically begin in childhood—such as
separation anxiety (Eaves et al., 1997; Silberg, Rutter,
& Eaves, 2001a; Topolski et al., 1997) and specific
phobias (Lichtenstein & Annas, 2000; Silberg et al.,
2001a; Stevenson et al., 1992) as well as general
symptoms of anxiety (Eaves et al., 1997; Eley &
Stevenson, 1999b; Thapar et al., 1995; Topolski et al.,
1997, Warren, Schmitz, & Emde, 1999). However,
studies of children have also highlighted the herita-
bility of other types of anxiety including obsessive-
compulsive behavior (Hudziak et al., 2004). The
aforementioned studies have typically focused on
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symptoms of anxiety in the full-range rather than
clinically significant disorders reflecting difficulties
associated with obtaining large samples of twin pairs
with psychiatric disorders.

Studies focusing upon different types of anxiety
have yielded different conclusions. For example,
while symptoms of separation anxiety disorder are
typically considered to be influenced by genetic,
shared, and non-shared environmental factors (Eley
et al., 2003; Feigon, Waldman, Levy, & Hay, 2001;
Silove, Manicavasagar, O’Connell, & Morris-Yates,
1995), symptoms of overanxious disorder may be
better explained by genetic and non-shared environ-
mental factors only (Eaves et al., 1997; Legrand,
McGue, & lacono, 1999). This pattern of results has
not always been reported. For example, one study of
child and adolescent twins and their siblings found
evidence for shared environmental influences on
lifetime generalized anxiety disorder but not separa-
tion anxiety disorder (Ehringer et al., 2006). A further
study of 1887 female twin pairs aged between 13 and
23 years used four different sets of criteria to classify
separation anxiety disorder (Cronk, Slutske, Mad-
den, Bucholz, & Heath, 2004), finding that while
there was robust evidence for the heritability of sep-
aration anxiety disorder, shared environmental
influence was only significant for separation anxiety
disorder defined in two out of the four ways.

Whilst it may be useful to differentiate types of
anxiety disorders in genetic research, research with
adult participants suggests that there are also good
reasons for combining anxiety disorders into a single
group. For example, anxiety disorders show concur-
rent and longitudinal comorbidity (Gregory et al.,
2007) and there are similarities between anxiety dis-
orders in terms of genetic liability (Kendler, Prescott,
Myers, & Neale, 2003), mental health histories
(Gregory et al., 2007), and factor structure (Krueger,
1999). As well as combining different types of anxiety,
some studies have gone further and examined anxiety
with depression (combined into a single phenotype),
reflecting the finding that parents typically have
limited ability to distinguish between anxiety and
depression in their children (Achenbach, 1991). A
number of studies examining this combined pheno-
type and using different designs—namely, twin,
adoption and sibling-cousin designs—have indicated
that additive genetic, shared-, and non-shared envi-
ronmental factors are all important influences on this
phenotype—although the magnitude of these influ-
ences has varied greatly between studies (van den
Oord, Boomsma, & Verhulst, 1994; van den Oord
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& Rowe, 1997; Edelbrock, Rende, Plomin, &
Thompson, 1995). The variation in the estimates
between studies—particularly with regards to the
significance of the shared environmental influ-
ence—suggests that further research is needed before
a strong conclusion can be drawn concerning the
magnitude of genetic, shared, and non-shared
environmental influences on the anxious-depressed
phenotype.

Anxiety.: State vs. Trait

In addition to thinking of anxiety as an umbrella
term encompassing a range of related yet distinct
difficulties, further distinctions can be made—such as
that between state and trait anxiety. State anxiety
refers to symptoms of anxiety that are transient and
occur in response to threatening events or situations.
Trait anxiety, in contrast, refers to individual differ-
ences in anxiety responsiveness that are relatively
stable over time and situation. The etiology of these
different types of anxiety was compared in a sample
of 547 child and adolescent female twin pairs aged
1018 years (Legrand et al., 1999). While there were
genetic and non-shared environmental influences (but
not shared environmental influence) on trait anxiety,
state anxiety was best explained by shared and non-
shared environmental influences (without significant
genetic influence). The authors explain the latter re-
sult by speculating that the unique environment in
which participants completed their questionnaires
(i.e., the laboratory) could have overpowered genetic
similarities. This pattern of results has since been
largely replicated in another study of 497 pairs of
both male and female twins aged 8-16 years. This
study additionally demonstrated that the co-occur-
rence between state and trait anxiety was mainly due
to non-shared environmental factors—although ge-
netic and shared environmental factors also played a
role (Lau, Eley, & Stevenson, 2006).

Anxiety: Self vs. Parent Report

Differences between studies in estimates of ge-
netic and environmental influences on childhood
anxiety may also reflect who is rating the anxiety.
Whereas some studies involve children reporting
upon their own symptoms of anxiety, others involve
parents rating their children’s anxiety symptoms. As
regards rater, research shows that parent reports
indicate that genetic influences are more important
than shared environmental influences on symptoms
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of childhood anxiety, whereas self-reports produce
slightly lower estimates of genetic influences and
higher shared environmental influence (Eaves et al.,
1997; Thapar et al., 1995). One explanation for the
discrepancy between self- and parent-rated anxiety is
that parents may be rating enduring traits (they are
assimilating information collected over a long period
of time), whereas children may be reporting upon a
current state.

In order to test this hypothesis, repeated assess-
ments were made of parent- and self-rated anxiety in
1337 Caucasian child and adolescent twin pairs
(Topolski et al., 1999). Overall the prediction that
children were rating states and parents were rating
traits was largely disconfirmed. Indeed, over time,
parent’s reports of their children’s anxiety were not
much more stable than children’s self-reports of their
own anxiety. This study also highlighted a number of
interesting findings with regards to the components
contributing to temporal stability between different
informants, such as the finding that the stability of
anxiety assessed by children’s self-reports was largely
due to environmental factors, whereas stability as-
sessed using parent reports was primarily due to ge-
netic factors. Furthermore, important gender
differences were reported. For example, it was found
that the genetic covariance between boys and their
parents was near zero, suggesting that boys were
reporting genetically different aspects of anxiety from
their parents. This contrasted with stronger genetic
correlations between girls and their parents, sug-
gesting that parents and their daughters are reporting
upon similar genetically influenced aspects of anxiety.

The finding that parent-report data produce
greater genetic influence than self-report data has
been found for other phenotypes (e.g., sleep prob-
lems, Gregory, Rijsdijk, & Eley, 2006). However, this
finding is interesting considering that having one
parent rate two children would be expected to inflate
the shared environment (inflate both the MZ and
DZ correlations) rather than the genetic parameter.
However, it is possible that parents may be exagger-
ating differences between DZ twins (contrast
effects) or accentuating similarity between MZ twins
(assimilation effects). Data compatible with this
proposal come from studies examining parental rat-
ings of temperament in twins—which have produced
an unusual pattern of results, whereby MZ correla-
tions are typically moderate, and DZ correlations are
very low or negative (Plomin et al., 1993; Stevenson
& Fielding, 1985)—a phenomenon referred to as the
“too low” DZ correlation. This pattern of results is
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also consistent with dominant genetic variance. In
order to examine whether contrast effects, assimila-
tion effects, or dominant genetic variance best ex-
plains the “too low” DZ correlation, one study
examined parent-reports of temperaments, including
emotionality and shyness, in 196 twin pairs aged 14—
36 months (Saudino et al., 2000). It was found that
the data were best explained by a model including
contrast effects—suggesting that parents may exag-
gerate  differences in  temperaments between
twins—especially when the twins are DZ.

Another interesting finding concerning rater ef-
fects is that there may be differences between mothers
and fathers’ reports, in that whilst both parents assess
the same behavior in the child, each parent may also
assess a unique aspect of the child’s behavior. This
hypothesis was tested against the alternative
hypothesis that both parents assess exactly the same
behavior in the child (van der Valk, van den Oord,
Verhulst, & Boomsma, 2001). Mother and father
reports of CBCL internalizing problems (a composite
of anxious and withdrawn/depressed subscales) were
obtained for 3501 3-year-old twin pairs, and it was
found that in addition to shared views concerning
their children’s behavior, each parent additionally
provides information from his/her own point of view.

Overall, these studies point to the sensitivity of
genetic research to fluctuations in the phenotype
being examined. This emphasizes the importance of
including precise measures of anxiety in genetic
studies, suggesting that further research into the
measurement of childhood anxiety is likely to prove
fruitful in advancing knowledge of genetic influences
on childhood anxiety.

Demographics

Further explanations for differences in estimates
of genetic, shared, and non-shared environmental
influences on anxiety include differences between
studies in terms of age and sex of the participants.
Age differences between studies have produced
mixed results with studies showing that increased age
results in heritability increasing (e.g., Feigon et al.,
2001)—although not all studies have found this (e.g.,
Legrand et al., 1999). Developmental shifts in genetic
influences are likely to be due to genes being “swit-
ched on” (functioning) and “‘switched off” (not
functioning) at different stages of development—and
studies focusing upon gene expression are likely to be
key in elucidating the complexities of developmental
changes in genetic influences. Compared with age
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differences, sex differences are more consistent, with
studies showing greater heritability of anxiety symp-
toms in girls than boys (e.g., Eaves et al., 1997,
Feigon et al., 2001).

BEYOND UNIVARIATE STUDIES OF ANXIETY

There is no doubt that studies that have explored
genetic and environmental influences on childhood
anxiety have been informative. These studies dem-
onstrate clearly that genes and the environment play
important roles in the etiology of childhood anxi-
ety—underscoring the need to further understand
both types of process. However, it is now necessary to
specify genes and environmental factors influencing
childhood anxiety and to understand the processes by
which these influences have their effects. Such infor-
mation may eventually be useful in identifying those
at risk for anxiety disorders—as individuals will
have “risk” genes before they develop symptoms of a
disorder. Furthermore, genetic information may be
useful in tailoring preventions and treatments for
anxiety disorders—and research is currently under-
way in order to see whether genotype is important in
response to different treatments for reducing anxiety.
Despite optimism, it must be noted that strong
arguments have been postulated suggesting that ge-
netic information may be more useful in elucidating
the pathways by which genes influence behaviors than
by identifying individuals most likely to benefit from
preventative techniques. For example, in his book
Genes and Behavior, Michael Rutter argues that
targeting individuals for prevention on the basis of
specific genes is not feasible because of the large
number of other risk factors influencing common
disorders (Rutter, 2006). A review of the impressive
literature documenting environmental influences is
not central to this article. Instead, this section of the
article will review research aimed at identifying genes
involved in anxiety. It will then discuss how
acknowledging comorbidity, the environment, and
endophenotypes and risk pathways is likely to aid the
search for genes influencing anxiety.

Molecular Genetics

While twin and adoption studies do not typically
provide information as to the specific genes influ-
encing anxiety, molecular genetic techniques have
begun to examine genes involved in anxiety. The
main methods used to identify gene-trait or gene-
disorder relationships are linkage and association.
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Linkage refers to a within-family technique in which
the presence of a specific trait/disorder is traced
through a family alongside a particular section of
deoxyribonucleic acid (DNA), which also occurs less
frequently in individuals without the trait/disorder.
This technique is powerful when identifying single-
gene disorders, such as Huntington’s disease, but
lacks statistical power in cases whereby multiple
genes (or quantitative trait loci: QTL) are involved in
the trait/disorder, and no single gene is necessary or
sufficient to cause the disorder (Risch & Merikangas,
1996). Anxiety is an example of a complex disorder,
which is likely to involve multiple genes, each having
a small effect on levels of anxiety. Consequently
linkage studies are of little use in identifying genes
involved in anxiety. Association provides a more
powerful technique for identifying QTLs (Plomin,
Owen, & McGuffin, 1994; Risch et al., 1996). This
method compares allele frequencies in cases and
controls—with a significant difference implying that
the genotype is related to the phenotype differenti-
ating the cases and controls. Hence association
studies are more useful in highlighting genes influ-
encing anxiety.

The major focus of molecular genetic association
studies in anxiety has been serotonin markers (se-
quences of DNA). Serotonin contributes to variation
in many physiological functions such as food intake,
sleep, motor activity, and reproductive activity in
addition to emotional states including mood and
anxiety, and is the target of uptake-inhibiting anti-
depressant and anxiolytic (anxiety relieving) drugs. In
addition to serotonin markers, three other types of
candidate genes have attracted particular interest in
the area of anxiety disorders. These are dopamine
genes, catechol-O-methyltransferase (COMT), and
the corticotrophin-releasing hormone (CRH)/corti-
cotrophin-releasing factor (CRF) genes.

Although the genome (entire sequence of DNA)
is 99% similar for all humans, there are certain dif-
ferences in DNA sequences between individuals. For
example, it is common for sections of DNA to be
consecutively repeated—and the number of repeats
may vary between individuals (a phenomenon known
as variable number of tandem repeats). In certain
sections of the genome there are systematic differ-
ences between people in terms of number of re-
peats—and individuals with a higher number of
repeats can be considered as having a “long” version
of a marker, whereas those with fewer repeats may be
considered as having a ““short” version of the marker.
An early report with regards to serotonin genes and
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anxiety demonstrated an association between the
short form of a marker in the promoter region (that
involved in activation or suppression of a gene) of the
serotonin transporter (5-HTT) and three anxiety-re-
lated personality scales: neuroticism, tension, and
harm avoidance in adults (Lesch et al., 1996). Al-
though there have been replications of this finding
(e.g., Greenberg et al., 2000) not all attempts at rep-
lication have been successful (e.g., Ball et al., 1997).
Similarly, there are mixed findings in children. For
example, one study reported that having two copies
of the short 5-HTT allele was associated with shyness
in third and fourth grade Caucasian children (Bat-
taglia et al., 2005). In contrast, another study re-
ported that the long version of the 5S-HTT allele was
associated with shyness (Arbelle et al., 2003). Further
studies have reported no association between the 5-
HTT gene and shyness (Schmidt, Fox, Rubin, Hu, &
Hamer, 2002) or anxiety/depression (Young, Smolen,
Stallings, Corley, & Hewitt, 2003).

With regards to dopamine (a neurotransmitter
which is central to the reward system), the dopamine
receptor DRD4 has received particular attention.
Initial reports demonstrated that there was an asso-
ciation between the long (7-repeat) allele and novelty
seeking behavior (Benjamin et al., 1996; Ebstein
et al., 1996)—although not all studies have found this
association (e.g., see Savitz & Ramesar, 2004 for a
review). Further mixed evidence has been found for
studies highlighting the DRD4 2-repeat allele in
association with anxiety—the results of one study
suggest a possible protective effect for the DRD4 2-
repeat allele for OCD (Millet et al., 2003), whereas
the results of another study suggest that the 2-repeat
allele is associated with avoidant and obsessive per-
sonality (Joyce et al., 2003). Although much of the
genetic research focusing upon dopamine genes and
anxiety has focused upon adult participants, studies
have also investigated associations in children—with
one study revealing a combined effect of the 7-repeat
DRD4 allele and two copies of the short form of
allele in the promoter region of the serotonin trans-
porter on infants responses to an anxiety provoking
situation (Lakatos et al., 2003).

COMT is an enzyme involved in the inactivation
of chemical compounds within both the serotonin
and dopamine pathways, making it a clear candidate
for exploration in genetic studies of anxicty. In
addition to variable number of tandem repeats
accounting for genetic differences between individu-
als, more commonly, changes in single nucleotides
(structural units of DNA) account for differences
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between individuals. Such differences are referred to
as single nucleotide polymorphisms (SNPs). One such
polymorphism is in the COMT gene, whereby there is
a substitution of one amino acid (methione) for an-
other (valine). The Val allele—with its higher levels of
prefrontal dopamine catabolism—has been associ-
ated with anxiety disorders including phobias
(McGrath et al., 2004). However, another study
reported the converse finding—linking the low
activity Met allele with OCD in males (Karayiorgou
et al., 1997).

Finally, CRH is central to the hypothalamic
pituitary adrenal (HPA) axis which is involved in
reactions to stress—and the co-regulation of CRH
and adrenal and pituitary hormones has been linked
to ones ability to anticipate, adapt, or cope with
impending future events, and resultant fear and
anxiety (Schulkin, Gold, & McEwen, 1998). Al-
though studies with mice have clearly demonstrated
links between CRH and anxiety (see Bakshi & Kalin,
2000 for a review), research focusing upon human
adult participants is more mixed. For example, one
study of 85 families reported an association between
a variant of the CRH gene and behavioral inhibition
(Smoller et al., 2003). In contrast to this significant
result, another study, examining the association be-
tween a CRH receptor and neuroticism did not find
an association (Tochigi et al., 2006). In addition to
the associations reported here, there are data linking
further polymorphisms to anxiety. For example, a
polymorphism in the brain derived neurotrophic
factor gene has been associated with anxiety (e.g., for
a recent mouse study see Chen et al., 20006).

Although there is now a proliferation of studies
attempting to pin-point specific genes involved in the
development and maintenance of anxiety, progress in
finding genes has been slower than expected, reflect-
ing the likelihood that many genes of small effect size
(as opposed to fewer genes of large effect size) are
likely to influence childhood anxiety. Three types of
research are likely to be particularly useful in helping
molecular geneticists discover further genes that play
a role in anxiety. Genetic studies of comorbidity;
genetic studies including measures of the environ-
ment; and those of endophenotypes and risk path-
ways will be discussed in turn.

Comorbidity
Twin studies of comorbidity can help with the

search for genes influencing anxiety. These studies
compare the cross-twin cross-trait correlations (e.g.,
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the association between anxicty in twin 1 and
depression in twin 2) for MZ and DZ twin pairs. This
information can be used to calculate the proportion
of the association between traits which is due to genes
and environmental factors; and the extent to which
the genes influencing one trait (e.g., anxiety) are the
same as those influencing another trait (e.g., depres-
sion). If research reveals that different disorders are
influenced by the same set of genes, this means that
once genes associated with one difficulty are identi-
fied, it may be worth examining whether these genes
are associated with the other disorder. Conversely, if
there is negligible overlap between the genes influ-
encing different phenotypes, this may also be infor-
mative in the hunt for genes in that genes for the
different phenotypes are likely to be distinct. A study
of over 4000 twin pairs aged 4 years explored the
associations between different symptoms of anxiety
(general distress, separation anxiety, fears, obsessive
compulsive behaviors, and shyness and inhibition)
(Eley et al., 2003). Overall, there were modest genetic
correlations between the five types of anxiety symp-
toms, although the genetic overlap was stronger be-
tween some types of anxiety (general distress showed
the strongest genetic correlations with other types of
anxiety) than others (obsessive compulsive symptoms
showed the weakest genetic correlations with other
types of anxiety). The shared environmental correla-
tions were also substantial and explained a large
proportion of certain associations (e.g., shared envi-
ronmental influences accounted for 78% of the
association between separation anxiety and obsessive
compulsive symptoms).

Studies have also examined the association be-
tween childhood anxiety and other types of symp-
toms/disorders. Initial studies of this type focused
upon depression, reflecting the high levels of overlap
between anxiety and depression in childhood (An-
gold, Costello, & Erkanli, 1999; Brady & Kendall,
1992; Kovacs & Devlin, 1998). These studies have
been consistent in demonstrating that much of the
overlap between these phenotypes can be explained
by genetic factors (Eley & Stevenson, 1999a; Nelson
et al., 2000; Thapar & McGuffin, 1997). In addition
to focusing on concurrent comorbidity, studies have
also addressed the issue of successive comorbidity
(whereby disorders occur at different times through-
out the lifecourse). One such study demonstrated
that whereas symptoms of overanxious disorder
experienced early in life (8—13 years) were influenced
by the same genes as symptoms of depression expe-
rienced later in life (14-17 years), separation anxiety
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symptoms were influenced by the same environmen-
tal risk that influenced later depression (Silberg et al.,
2001).

Acknowledging the fact that childhood anxiety
also co-occurs with other behavioral and emotional
problems (Angold et al., 1999), twin studies are
beginning to explore the links between anxiety and a
whole host of different symptoms and disorders. For
example, our team has become interested in the links
between common sleep problems and anxiety, which
co-occur both concurrently (Garland, 2001) and
longitudinally (Gregory et al., 2005a). Our research
suggests that the association between sleep problems
and anxiety may be largely mediated by shared
environmental influences in pre-school aged children
(e.g., Gregory, Eley, O’Connor, Rijsdijk, & Plomin,
2005b; see also van den Oord, Boomsma, & Verhulst,
2000). We have also examined a range of “‘family
factors” in order to see which variables were likely to
be most important, finding that family chaos and
maternal depression were associated with both sleep
problems and anxiety and may account for some of
the association between these difficulties (e.g., Greg-
ory et al., 2005b). An important role for shared
environment has also been found when examining the
overlap between anxiety and conduct problems in
pre-school aged children (Gregory, Eley, & Plomin,
2004). Longitudinal links between anxiety and eating
disorders have also been explored in juvenile twin
girls (Silberg & Bulik, 2005)—with some evidence for
genetic influences on anxiety and eating disorders
throughout development—in addition to other pat-
terns of influences (e.g., there was a shared environ-
mental influence on persistent separation anxiety and
eating disorders in late adolescence).

The Environment

As well as the ability of studies of comorbidity to
inform the hunt for genes, perhaps surprisingly,
including measures of the environment in genetic
studies may facilitate the identification of specific
genes involved in the onset and maintenance of
various phenotypes (Moffitt, Caspi, & Rutter, 2005).
Indeed, research examining diverse phenotypes
including antisocial behavior, depression, and
schizophrenia has revealed that the associations
between specific genes and disorders are stronger in
certain environmental conditions than others (e.g.,
see Caspi et al., 2002, 2003, 2005). Although there
has been little research exploring possible gene—
environmental interactions for anxiety, one study



208

demonstrated that genetic influences on anxiety
influenced sensitivity toward negative life events in
female twins aged 14-17 years of age (Silberg,
Rutter, Neale, & Eaves, 2001b; see also, Eaves, Sil-
berg, & Erkanli, 2003). Furthermore, a recent study
demonstrated a gene—environment interaction in
predicting observed behavioral inhibition and mo-
ther-reported shyness in children (Fox et al., 2005).
Specifically, the short 5-HTT allele predicted shyness
and behavioral inhibition in children whose families
reported low levels of social support but not in those
who did not. Despite these positive findings, overall
there has been relatively little evidence of gene—
environment interactions predicting anxiety [e.g.,
Kendler, Kuhn, Vittum, Prescott, and Riley (2005)
did not find evidence of a gene—environment inter-
action for Generalized Anxiety Disorder in adults].
Future research may benefit from further consider-
ation of the measurement and conceptualization of
environmental variables as research has highlighted
associations between specific types of environmental
events (e.g., threatening life events as opposed to loss
life events) and anxiety (Finlay-Jones & Brown,
1981). Furthermore, the timing of life events may be
relevant—and it is possible to hypothesize that recent
environmental influences may be more likely to elicit
anxiety as compared to life events occurring in the
distant past.

“Endophenotypes” and Risk Pathways

Relatively slow progress in finding genes in-
volved in symptoms and disorders such as anxiety has
also resulted in researchers attempting to identify
“endophenotypes,” which are intermediate pheno-
types that are more proximal to the genes influencing
a disorder than its signs and symptoms, and can be
considered risk markers of a disorder (Gottesman &
Gould, 2003). Potential endophenotypes may be
neurophysiological, biochemical, endocrinological,
neuroanatomical, cognitive and neuropsychological.
Focusing upon endophenotypes has certain advan-
tages over studying phenotypes (e.g., anxiety) di-
rectly. For example, focusing upon endophenotypes
may provide more statistical power to identify genes
than does focusing upon phenotypes; and endophe-
notype research can help to elucidate the pathways by
which genes influence behaviors. There has been little
endophenotype research in relation to childhood
anxiety, which led our team to include measures of
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cognition (which have previously been linked to the
development of anxiety and which may be potential
markers of risk) in a study of anxiety in §-year-old
twins. One key paper resulting from this study fo-
cused upon the links between panic/somatic symp-
toms of anxiety and anxiety sensitivity (fear of the
physical sensations of anxiety). Anxiety sensitivity
has previously been demonstrated to predict panic
symptoms (Calamari et al., 2001) and has been shown
to be heritable in an adult study of twins (Stein, Jang,
& Livesley, 1999). Our analyses revealed that anxiety
sensitivity was also heritable in our sample of § year
olds, and that there is strong genetic overlap with
panic/somatic symptoms (suggesting that the same
genes that influence anxiety sensitivity may also
influence panic/somatic symptoms) (Eley, Gregory,
Clark, & Ehlers, 2007). These preliminary results
suggest that anxiety sensitivity could be a potential
endophenotype for childhood panic/somatic symp-
toms in molecular genetic research—although as with
other novel findings, the need for replication of these
results is clear.

Further understanding of the pathways by which
genes influence behaviors is essential. Such genetic
research has focused on the brain, reflecting the
finding that 70% of genes are expressed in the brain.
Pioneering research by Ahmad Hariri and colleagues
at the University of Pittsburgh demonstrated that the
short allele of the 5-HTT promoter polymorphism
was associated with greater neuronal activity in the
amygdala in response to fearful stimuli (Hariri et al.,
2002)—a finding that has since been well-replicated
by different research groups (Bertolino et al., 2005;
Furmark et al., 2004; Hariri et al., 2005; Heinz et al.,
2005). Although much of this research has focused
upon adults, a recent study of children aged 8-9 years
of age demonstrated that the short allele of the 5-
HTT polymorphism was associated with a smaller
cerebral visual event related potential following
exposure to hostile and neutral faces (Battaglia et al.,
2005). As decreased activity in the visual cortices may
co-occur with increased amygdala activation (e.g.,
Reiman, 1997) these results chime well with the
association between the short allele of the 5-HTT
polymorphism and amygdala activity in response to
threat stimuli in adults (Hariri et al., 2002). Further
research of this type in children with anxiety or at
high risk for anxiety is likely to shed further light on
the developmental processes by which genes influence
anxiety.



Genetic Influences on Anxiety in Children

CONCLUSIONS

The mass of evidence collated thus far shows,
clearly, that genes influence individual differences in
levels of anxiety among children. Similarly, it is clear
that environmental factors are at least of equal
importance. Although individual studies leading to
these conclusions may be limited in their reliance on
single-sex twin pairs, a small sample size or restricted
ethnicity for example, the overall convergence be-
tween different studies is reassuring. The acceptance
of the general conclusions that both genes and
environmental factors influence childhood anxiety,
has led researchers to attempt to specify genes and
environmental influences. Despite various important
discoveries (e.g., the replicated association between
the serotonin transporter gene and anxiety), overall,
the hunt for genes influencing anxiety has progressed
at a slower pace than initially anticipated, mainly due
to the involvement of multiple genes of small effect
size. In order to facilitate the search for genes,
molecular geneticists are paying attention to studies
of comorbidity, which can help identify candidate
genes for further investigation. Furthermore, the
realization that genes and the environment are asso-
ciated, has increased collaboration between
researchers from different disciplines and has resulted
in the incorporation of measures of the environment
in genetic research and vice versa. Complex questions
concerning the mechanisms by which genes and fea-
tures of the environment influence childhood anxiety
are also now being addressed, and endophenotypes
are being identified which will further aid the search
for genes involved in childhood anxiety—as well as
help to elucidate the pathways from genes to behav-
ior. The future promises further integration of re-
search, including links between gene—environmental
interactions and neuroscience (see Caspi & Moffitt,
2006)—and researchers will continue to explore the
genetics of anxiety in diverse samples across the life-
span. Altogether, by taking a truly interdisciplinary
approach to understanding the genetics of anxiety,
this research may take us closer still to our goal of
preventing and treating high levels of anxiety in
children.
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